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In this issue
For the first issue of 2024, we have an absolute star cast of 
New Zealand authors and articles from New Zealand Medical 
Laboratories as well as news and events from within the 
profession and around the country.

I share my thoughts on sustainability initiatives in the New 
Zealand healthcare sector in the Editorial, looking to understand 
how government legislation is being interpreted by the 
healthcare providers and question what can be done to support 
the implementation of green initiatives into clinical laboratories.

New information about blood group systems and antigens are 
presented regularly in the literature but not collated into a single 
text resource. Natalya Clark and Holly Perry from the University 
of Otago developed a review collection of 122 blood group 
antigens and 17 blood group systems that have been described 
in the past 20 years (2003-2023), including genetic basis of 
variants and the clinical significance of their antibodies where 
known. Reports showed that blood group systems have a high 
degree of polymorphism in a large and heterogenous human 
population, with new variants appearing on a continuous basis. 
These descriptions, carefully tabled, together with an extensive 
literature review and an emphasis on clinical practice, provide a 
useful resource for practising transfusion scientists.

In our second blood group system article, Rei Miyamoto, from 
the University of Otago and a NZIMLS top student award winner 
for 2023, reviews the MNS blood group system in the context 
of transfusion science. This large and important system of 
polymorphic, high and low frequency antigens are formed through 
genetic recombination, unequal crossing over, gene conversion 
and SNPs, as well as the interesting phenotypic frequencies 
among population groups. In transfusion science, many of the 
human blood group systems have alloantibodies that are clinically 
significant with the potential to cause adverse events during 
blood transfusions. Miyamoto describes the diverse molecular 
and immunological properties that the MNS blood group system 
exhibits and emphasizes the importance of matching MNS blood 
groups for patients requiring blood transfusion in whom atypical 
clinically significant alloantibodies of the MNS system have been 
encountered and can cause transfusion reactions or hemolytic 
transfusion disease (HTR) of the fetus and newborn (HDFN).

Leptospirosis is an illness caused by infection with pathogenic 
spirochaetes of the Leptospira genus and a notifiable disease 
in New Zealand. Hall and colleagues from Pathlab, and ESR 
in the Waikato present a review of ten years of Leptospira 
serology and PCR testing within New Zealand to identify and 
report the most sensitive testing strategy. A typically zoonotic 
transmission, Leptospirosis causes a biphasic illness with 
a range of presentations that are nonspecific and variable, 
making the infection difficult to identify by clinical presentation 
alone. Using a retrospective review of serology and PCR results 
over a ten period, analysing Leptospira IgM and PCR test data 
from 3,344 patients they determined the utility and value of the 
different tests available to determine what strategies have been 
the most effective in detecting leptospirosis. Results of this study 
recommend a combination of PCR and well-timed serology to 
be the most effective testing strategy as no one test captures all 
clinical cases.

Can the use of triglyceride to glucose and triglyceride to high 
density lipoprotein ratios indicate metabolic syndrome in the 
spinal cord injured male?  This is the question posed by Jones and 
Legge from the School of Physical Education and Department 
of Biochemistry at the University of Otago in an original study. 
Spinal cord injury resulting in paralysis causes significant 
changes in body composition below the lesion, loss in motor 
function leads to skeletal muscle wasting and fat mass increase 
above and below the lesion and contributes to major metabolic 
changes strongly associated with cardiovascular disease and 
the development of factors associated with metabolic syndrome 
including, glucose intolerance, hyperinsulinaemia, insulin 
resistance and dyslipidaemia. The investigation of TyG:G and 
TyG:HDL ratios in twenty matched controls and twenty spinal 
cord injured males identified significant differences between 
spinal cord injured complete and spinal cord injured incomplete, 
concluding that the level of de-innervation has a significant role 
in the onset of metabolic syndrome in the spinal cord injured.

Dennis Mok from Australia and his global colleagues report on the 
implementation and International Standard (ISO) requirements 
of laser warning markings for equipment and instruments in 
the New Zealand diagnostic laboratory. The objective in their 
scientific letter is to enhance the awareness of requirements 
related to risk control measures and present the accepted 
warning markings for Class1 to Class 4 laser equipment that 
must be clearly visible. Images of the warning markings can be 
found in the supplementary material on the Journal website.

Michael Legge shares his book review for; “Most delicious 
poisons: the story of nature’s toxins from spices to vices” by 
evolutionary biologist, Noah Whiteman.

A briefing for the incoming minister and associate ministers 
was prepared by the NZIMLS Council in November 2023 and 
was submitted to the incoming government ministers of health 
as a way of directly communicating and outlining issues in the 
profession. This briefing is republished in this issue for NZIMLS 
members.

NZIMLS President, Tony Barnett, remembers Paul McLeod, 
a past NZIMLS president, long-serving Medical Laboratory 
Scientist and life member, who passed away in June 2022.

Convenors report on Special Interest Group seminars (SIG) held 
and enjoyed around the country in October and November 2023. 
Meetings included; Anatomical Pathology, AACB/Biochemistry, 
Molecular Diagnostics, Microbiology, and Preanalytical, with 
topics presented by members and invited guests. Participants 
enjoyed interesting presentations, discussions, catching up with 
colleagues over the sharing of food.

As well as our regular features; Science Digest, Recent Reviews, 
Journal Citations and the Pacific Way we share interesting 
interviews with the three recipients of the NZIMLS Top Student 
Award for 2023, Alejandra Walker, Lillian Birkett and Rei 
Miyamoto. These graduates are an inspiration to the profession, 
with wonderful enthusiasm and energy that will be welcomed 
wherever they land.

Lisa Cambridge
Editor
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EDITORIAL
Sustainability and green laboratory practices

Lisa Cambridge
Healthcare systems contribute an estimated 4-5% of greenhouse 
emissions globally, in New Zealand this figure has been reported 
at between 3-8% and is the largest emitter (excluding transport) 
in our public sector (1). Healthcare facilities operate 24/7 with 

Energy & greenhouse gas emission

−	 Cold storage, refrigerants
−	 Transport
−	 Equipment
−	 Climate control, air conditioning, insulation
−	 Lighting
−	 Computers, systems hardware and storage
−	 Medical gases

Labs consume 5-10x more energy than
Equiv. sized office*

Water consumption

−	 Heating and cooling equipment
−	 Washing, cleaning
−	 Reagents

Up to 60% of water usage in buildings by laboratories* 
autoclaves can use up to 227L water per cycle+

Chemicals & materials

−	 Reagents
−	 Catalysts
−	 Washing, cleaning and flushing
−	 Gases, metals
−	 Paper and printing supplies

Implications for wider pollution of air, water and soil

Waste

−	 Single-use plastics (e.g. gloves, syringes, pipette-tips,
culture plates)

−	 Biological, medical waste
−	 Packaging

Biological, medical or agricultural research waste est. ~5.5Mt of 
lab plastic waste/year or 2% total global plastic waste*

a large footprint that impacts the environment, generating large 
quantities toxic and non-biodegradable waste, consuming high 
amounts of energy, emitting greenhouse gases and consuming 
vast quantities of water (Table 1).

*Royal Society of Chemistry (6), + My Green Lab (5), Mt = metric tonne
   Unequivocal scientific evidence on the detrimental impact 
of human activity on the planet and the critical environmental 
tipping points (2), shows that the planet may never recover. 
On a global scale, conversations, policy and government-
initiated projects for reducing emissions have gained significant 
momentum since the 196 countries, including New Zealand, 
signed the Paris Agreement (2015) at the UN Climate Change 
Conference (COP21). As part of this agreement, the New 
Zealand government committed to reducing our greenhouse 
gas emissions to 30% below 2005 levels, by 2030 and amending 
legislation and establishing a Climate Change Commission. 
Climate-related Disclosures and Other Matters Amendment 
Act (2021), requires mandatory climate-related reporting and 
disclosure by publicly listed companies, such as insurers and 
banks. The Ministry of Health requires the healthcare sector 
to report its sustainability actions and goals in annual planning 
and budgeting to meet the Climate Change Response (Zero 
Carbon) Amendment Act (2019) legislation.
   Te Whatu Ora released its baseline Greenhouse Gas 
Emissions Inventory Report in September 2023 (1), quantifying 
emissions including; gas (medical and industrial), electricity, 
transport and waste directly attributed to their operations and 
reporting a 10.3% decrease in CO2 emissions between 2019 
and 2020. However, they did not provide a breakdown of 
emissions attributed to clinical laboratories in its charge nor 
address laboratories specifically in their guidance material 
(3), released in September 2023 as a; “guide to support and 
encourage the New Zealand health sector to take an active role 
in implementing sustainability as integral part of its practice.”
   How many of these types of reports and guidelines are paying 
lip-service to the Acts without taking practical steps towards 
sustainability for the planet? Or provide the teeth to make 
decisions, offer effective solutions, resources and assistance to 
clinical laboratories to meet these initiatives? 
  Is it too little too late? Afterall we are a mere six years away 
from this committed target. Statistics NZ reported in 2020 

that New Zealand’s gross greenhouse emissions showed no 
sustained reduction when compared with 2005 figures (4). Has 
sustainability been given the sense of urgency and priority that 
it deserves?
   The guidelines only serve to put the onus back on hospitals, 
laboratories and primary healthcare providers to do all the heavy 
lifting. As we dive into 2024, the medical laboratory profession 
and healthcare services in New Zealand remain in crisis. Any 
management plans to minimise emissions, reduce waste and 
implement green practices, will ultimately fail, if they compound 
upon already untenable workloads and pressure for the current 
healthcare workforce, without providing sufficient and additional 
resourcing and opportunities.
   The creation of sustainable and green practices in laboratories 
requires a multidisciplinary approach that cannot be undertaken 
solely by the laboratories and quality managers but involves 
sweeping changes to company culture from the top down. 
Healthcare management must provide the influence, financial 
support and provision of dedicated resources. Organisations 
need to establish networks across different business sectors 
(e.g. construction (energy efficient building /laboratory design), 
transport, supply chains, suppliers and manufacturers), 
coordinate rollout of new technologies, advocate for change 
across healthcare professions and researchers, promote and 
recognise achievement by rewarding laboratories for their 
sustainability initiatives, negotiating shared spaces and pooling 
resources, securing public funding for green initiatives and 
offering sustainability education in academic degree courses.
  There are established certification routes, for example; Liggins 
Institute Laboratory, at the University of Auckland, is the first 
university research laboratory in New Zealand to achieve 
‘My Green Lab’ certification (5) in 2022. In March 2022, the 
Awanui pathology group obtained Carbon Reduce Certification 
(emissions to ISO14064-1 requirements) from Toitū Envirocare 
(www.toitu.co.nz). But for most laboratories, it is more practical 
to develop steps, targets and measures to reduce energy 
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Copyright: © 2024 The author(s). This is an open-access article 
distributed under te terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author(s) and 
source are credited.

emissions, chemical and material use, waste and water usage 
as they apply to their own workflows. Multiple online resources 
provide tips, tools, networking and interactive guides to get 
the green ball rolling, including, My Green Lab (5), the Royal 
Society of Chemistry (6) and labconscious (www.labconscious.
com). Literature also provides an increasing number of studies 
and commentaries for clinical laboratories, for example, Lopez 
(7) presented methods to review current lab operation and
introduce sustainable practices using the quality improvement
model PDCA tools to develop key targets and actions.

 There is wide agreement and good-will amongst laboratory 
and healthcare workers to reduce the impact of their work on 
the environment. Healthcare professionals are astutely aware of 
the barriers and challenges for a working clinical laboratory and 
the compromises between implementing sustainability actions 
and ensuring the health and safety of workers, patients and the 
public, and maintaining testing efficacy, quality and throughput. 
Consultation across and up and down the sector during planning 
and implementation is crucial, as will buy-in and participation in 
any decision-making and implementation. 

 In the same way that confusing and inconvenient recycling 
instructions imposed by local government are causing green 
or recycling fatigue that threaten our eco-friendly behaviour in 
the community, overly complex measures, under resourcing, 
impossible targets and poor management will only serve to 
further erode the goodwill of the profession and fail to implement 
sustainable and green practices that the healthcare sector and 
the planet cannot afford to lose.

Author information: Lisa Cambridge, B.Appl.Management, 
DipQA, NZCS, MNZIMLS, Editor, NZIMLS. 
Email: editor@nzimls.org.nz
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REVIEW ARTICLE
Blood group systems and antigens described in the last 20 years: an update

Natalya J Clark and Holly E Perry
ABSTRACT
Objectives: New information about blood group systems and antigens appears frequently but has not been recently collated as a 
single text. Books such as the Blood Group Antigen FactsBook by Reid, Lomas-Francis and Olsson provide an excellent reference 
source. However, the last edition was released a decade ago, and much has been discovered since then. New information is used 
to review requirements for red cell antibody screening cells, maintain rare donor databases, monitor clinical events and educate 
practitioners. The aim of this study was to summarise information elucidated in the past 20 years, with emphasis on significance in 
clinical practice. We aimed to provide a resource that may be useful to practising transfusion scientists.
Methods: Information was gathered by literature search. 
Results: 122 blood group antigens and 17 blood group systems were described in the past 20 years (2003 – 2023). 31 antibodies 
were either implicated in transfusion reactions or haemolytic disease of the fetus and newborn or were considered to have the 
potential to cause these events.
Conclusion: Discovery and elucidation of blood group systems continues. Due to the rarity of clinical events, the clinical significance 
of many of the newer antigens and antibodies described is not yet certain. Nevertheless, it is important for transfusion scientists to be 
aware of new blood groups and monitor the likelihood of antibodies to cause transfusion reactions and/or haemolytic disease of the 
fetus and newborn. This literature review provides an update for transfusion scientists.
Key words: Blood group antigen, Rare blood group antibodies

NZ J Med Lab Sci 2024; 78(1): 06:19

INTRODUCTION
Blood group antigens are inherited markers found on surfaces 
including the red blood cell membrane.  Corresponding antibodies 
can have a range of clinical effects, including haemolytic 
transfusion reactions (HTR), haemolytic disease of the fetus and 
newborn (HDFN) and autoimmune haemolytic anaemia (AIHA).
   The International Society of Blood Transfusion (ISBT) classifies 
all known blood group systems and antigens. It defines a blood 
group system as a genetically discrete system of “one or more 
blood group antigens that are related by one gene, or one complex 
of two or more closely linked genes that are homologous” (1). A 
homolog is a gene that has a very similar nucleotide sequence 
to another gene. 
   There are several blood group antigens that cannot currently be 
classified as a system based on ISBT requirements. These form 
the 700 series (low prevalence antigens found at a population 
frequency of <1%), the 901 series (high prevalence antigens 
found at a population frequency of >90%) and independent 
collections which contain antigens that are related, but not yet 
fully elucidated at a genetic level (1).
   Blood group systems frequently arise from an ancestral gene 
coding for a protein on the red cell surface, and polymorphisms 
are the result of single nucleotide changes. For example, in the 
Duffy system, the gene is FY and the reference allele is FY*02 
(Fyb), which encodes 4 antigens on the Duffy glycoprotein, a 
receptor for chemokines. FY*01 (Fya) arises from a change at 
nucleotide 125, producing an amino acid (aa) change at aa42 
(2). Single nucleotide polymorphisms (SNP) are responsible for 
most of the variation in blood groups. 

Hybrid genes are responsible for the high degree of these 
polymorphism seen in the Rh and MNS blood group systems. 
These genetic variants occur at different frequencies around the 
world due to both selective pressures and geographic isolation. 
Null phenotypes (where no blood group structure in a system 
is present on the red cell) may be associated with a survival 
advantage. For example, Duffy null provides protection against 
some species of malaria; lacking the Duffy glycoprotein on the 
cell surface removes the ability of the parasite to bind and invade 
the red cell (2).  Consequently, Duffy null is rare in 
countries where malarial parasites are absent, but common 
in malaria-endemic countries (3). 
   Advances in molecular technology in the past 20 years have 
greatly assisted the modern description of blood groups and 
allow classification of systems and antigens based on their 
exact genetic basis. As of December 2023, there were 49 genes 
determining 45 blood group systems and 360 blood group 
antigens, as well as 33 blood group antigens that have not yet 

been classified into a blood group system (1). Of these, 17 blood 
group systems and 122 blood group antigens were discovered in 
the last 20 years (2003 – 2023).
   This report provides an update on the blood group antigens 
that have been described in the last 20 years, including genetic 
basis of variants and the clinical significance of their antibodies 
where known. 

MATERIAL AND METHODS
A rigorous systematic literature search of the Wiley Online Library 
was performed, focusing on three journals: Vox Sanguinis, 
Transfusion and Transfusion Medicine. Information was also 
gathered from the Blood Group Antigens FactsBook (3rd ed.) 
and the Genome Aggregation Database (gnomAD) (4). ISBT 
nomenclature was used.

Data is presented in two sections: additions to systems and new 
systems. Data is tabulated throughout, with the column “clinical 
significance” referring to the reported potential of the antibody 
to the antigen described to cause haemolysis. The word “new” 
refers to antigens or systems described since 2003. Although 
some antigens described have been known for many years, the 
“year described” in tables refers to the year the antigen was fully 
elucidated at a genetic level. Where antigen frequencies are 
known to differ in different regions, more than one frequency 
is provided. When a single figure is given, it is assumed that 
antigen frequency is similar across many populations (4).

RESULTS
122 blood group antigens and 17 blood group systems were 
described in the past 20 years (2003 – 2023). Of these, the 
following have antibodies that are either clinically significant, or 
potentially clinically significant but infrequent: ENEV (MNS45), 
SARA (MNS47), Pk (P1PK3), CETW (RH63), VONG (KEL28), 
KEAL (KEL39), KHOZ (KEL41), DISK (DI22), YTGT (YT6), 
SCAN (SC7), SCAC (SC9), DOMR (DO7), GECT (GE13), 
INFI (IN3), PX2 (GLOB4), DSLK (RHAG3), Kg (RHAG5), THIN 
(RHAG7), Jra (JR1), Lan (LAN1), Vel (VEL1), Ata (AUG2), 
ATML (AUG3), ATAM (AUG4), Sda (SID1), MAM (MAM1), Emm 
(EMM1), Er3 (ER3), ERSA (ER4), ERAMA (ER5) and CD36.1. 
Anti-Kg, anti-Jra, anti-Lan, anti-Vel, anti-Ata and Anti-Sda were 
clinically significant antibodies seen in multiple clinical cases. 
These six antibodies were discovered more than 20 years ago, 
but the respective blood group systems were fully elucidated 
more recently. 
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Section 1. Additions to Blood Group Systems

002 - MNS
Table 1. New antigens in the MNS system (5-12)

Name # Year Described Antigen frequency Clinical significance

ENDA 44 2008 >99% Unknown

ENEV 45 2010 >99% Mild HTR

MNTD 46 2006 <1% Unknown

SARA 47 2014 <1% Severe HDFN

KIPP 48 2015 <1% Unknown

JENU 49 2016 Most populations >99%
Less frequent in Southeast Asians Unknown

SUMI 50 2020 <1% Unlikely

ENDA, KIPP and JENU are the result of hybrids between Glycophorin A (GYPA) and Glycophorin B (GYPB), while ENEV, MNTD, 
SARA and SUMI are the result of SNPs. One antithetical pair of antigens was discovered: ENDA with DANE (MNS32, previously 
described).
   One antigen, SARA, was previously assigned 700.052, and moved to the MNS blood group system when its genetic basis was 
identified. It is a low prevalence antigen found in one Australian and one Canadian family, and its antibody has caused severe HDFN 
in one newborn (9).

003 - P1PK
Table 2. New antigens in the P1PK system (2, 13-14)

Name # Year Described Antigen frequency Clinical significance

Pk 3 2010 >99% Probable

NOR 4 2012 <1% Unknown

The P1PK system was renamed from P after the P and Pk antigens were found to be tied to the same gene - Alpha 
1,4-Galactosyltransferase (A4GALT), which is found on 22q13.2 chromosome (2). During this change, Pk (P1PK3) was moved from 
the now obsolete Globoside collection into the P1PK system. Globoside is now a blood group system in its own right. (system 028, 
Table 18).
   Pk (previously 209.002) is only expressed strongly on the cells of P1

k and P2
k individuals (2). Inactivating mutations in the B3GALNT1 

gene cause an increase in expression of Pk. Rare inactivating mutations in A4GALT lead to the Pk negative null phenotype (p). Anti-
Pk is usually found alongside anti-P and anti-P1 (anti-PP1Pk), which can cause severe transfusion reactions, spontaneous abortions 
and HDFN (2).

004 - Rh
Table 3. New antigens in the Rh system (15-22)

Name # Year Described Antigen frequency Clinical significance

CENR 56 2004 <1% Unknown

CEST 57 2009 >99% Unknown

CELO 58 2011 >99% Unknown

CEAG 59 2015 >99% Unknown

PARG 60 2017 <1% Unknown

CEVF 61 2013 <1% Unknown

CEWA 62 2012 >99% Unknown

CETW 63 2021 <1% HDFN

CENR, CEST, CELO, CEAG, PARG and CEVF are caused by hybrid RHCE alleles, while CEWA and CETW are the result of SNPs 
in RHCE. Two antithetical pairs of antigens were discovered: CEST and JAL (RH48), and CELO and Crawford (RH43). 
   Of the eight antigens recently assigned to the Rh blood group system, only CETW is known to be clinically significant, having 
caused HDFN in one indigenous Australian newborn (22).
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005 - Lutheran
Table 4. New antigens in the Lutheran system (23-30)

Name # Year Described Antigen frequency Clinical significance

LURC 22 2009 >99% Unknown

LUIT 23 2023 >99% Unknown

LUGA 24 2023 >99% Unknown

LUAC 25 2016 >99% Unknown

LUBI 26 2016 >99% Unknown

LUYA 27 2018 >99% Unknown

LUNU 28 2019 >99% Unknown

LURA 29 2019 >99% Unknown

LUOM 30 2023 >99% Unknown

All new antigens in the Lutheran blood group system are the result of SNPs in Basal Cell Adhesion Molecule (BCAM). 
   LUAC has some relevance to New Zealand, as its antibody was found in a Māori patient in Auckland (26). Its clinical significance 
is unknown. 

006 - Kell
Table 5. New antigens in the Kell system (31-43)

Name # Year Described Antigen frequency Clinical significance

VONG 28 2003 <1% Mild HDFN

KALT 29 2006 >99% Unknown

KTIM 30 2006 >99% Unknown

KYO 31 2006 Most populations <1%
Japanese 1.5% Unknown

KUCI 32 2013 >99% Unknown

KANT 33 2013 >99% Unknown

KASH 34 2010 >99% Unknown

KELP 35 2010 >99% Unknown

KETI 36 2011 >99% Unknown

KHUL 37 2011 >99% Unknown

KYOR 38 2012 <1% Unknown

KEAL 39 2016 <1% Severe HDFN

KHIZ 40 2022 >99% Unknown

KHOZ 41 2022 <1% HTR

All new antigens in the Kell blood group system are the result of SNPs in Kell metallo-endopeptidase (KEL); KELP is unique in that it 
is a result of two separate SNPs in KEL. Four pairs of antithetical antigens have been identified; VONG with VLAN (KEL25, previously 
identified), KYO with KYOR, KHUL with KEAL, and KHIZ with KHOZ.

010 - Diego
Table 6 New antigens in the Diego system (44,45)

Name # Year Described Antigen frequency Clinical significance

DISK 22 2010 >99% Probable

DIST 23 2021 <1% Unknown

Both new antigens in the Diego blood group system are the result of SNPs in Solute Carrier Family 4 Member 1 (SLC4A1). DISK is 
antithetical to Wu (DI9). Anti-DISK was found in an Irish proband after she miscarried, but its clinical relevance to the miscarriage 
was uncertain (44).
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011 - Yt
Table 7. New antigens in the Yt system (46-48)

Name # Year Described Antigen frequency Clinical significance

YTEG 3 2017 >99% Unknown

YTLI 4 2018 >99% Unknown

YTOT 5 2018 >99% Unknown

YTGT 6 2022 >99% HTR
All new antigens in the Yt blood group system are the result of SNPs in acetylcholinesterase (ACHE). Anti-YTGT was found in two 
unrelated Native American patients, one of whom experienced an acute HTR following transfusion (48).

013 - Scianna
Table 8 New antigens in the Scianna system (49-52)

Name # Year Described Antigen frequency Clinical significance

STAR 5 2005 >99% Unknown

SCER 6 2005 >99% Unknown

SCAN 7 2005 >99% HTR

SCAR 8 2020 >99% Unknown

SCAC 9 2022 >99% Probable

All new antigens in the Scianna blood group system are the result of SNPs in Erythroblast Membrane Associated Protein (ERMAP). 
   In vitro tests suggest anti-SCAR is unlikely to be clinically significant, and there was no evidence of haemolysis after one SCAR 
negative proband received an antigen mismatched transfusion (51). However, the patient was receiving hydroxyurea at the time and 
may have otherwise developed anti-SCAR at high enough titres to be clinically significant.

014 - Dombrock
Table 9. New antigens in the Dombrock system (53-57)

Name # Year Described Antigen frequency Clinical significance

DOYA 6 2010 >99% Unknown

DOMR 7 2010 >99% Possible HDFN

DOLG 8 2011 >99% Unknown

DOLC 9 2013 >99% Unknown

DODE 10 2015 >99% Unknown

All new antigens in the Dombrock blood group system are the result of SNPs in ADP-Ribosyltransferase 4 (ART4); DOMR is the result 
of two SNPs in ART4. Anti-DOMR caused a positive DAT, jaundice and reticulocytosis in a newborn (54).

015 - Colton
Table 10. New antigens in the Colton system (58)

Name # Year Described Antigen frequency Clinical significance

Co4 4 2010 >99% Unknown

Co4 is the result of a SNP in Aquaporin 1 (AQP1).

016 - Landsteiner-Wiener
Table 11. New antigens in the Landsteiner-Wiener system (59)

Name # Year Described Antigen frequency Clinical significance

LWEM 8 2022 >99% Unknown

LWEM is the result of a SNP in Intercellular Adhesion Molecule-4 (ICAM4).
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020 - Gerbich
Table 12. New antigens in the Gerbich system (60-63)

Name # Year Described Antigen frequency Clinical significance

GEIS 9 2004 <1% Unknown

GEPL 10 2008 >99% Unknown

GEAT 11 2008 >99% Unknown

GETI 12 2008 >99% Unknown

GECT 13 2020 >99% HTR

GEAR 14 2016 >99% Unknown
All antigens in the Gerbich blood group system are the result of SNPs in Glycophorin C (GYPC).

021 - Cromer
Table 13. New antigens in the Cromer system (64-71)

Name # Year Described Antigen frequency Clinical significance

SERF 12 2004 >99% Unknown

ZENA 13 2007 >99% Unknown

CROV 14 2007 >99% Unknown

CRAM 15 2007 >99% Unknown

CROZ 16 2010 >99% Unknown

CRUE 17 2012 >99% Unknown

CRAG 18 2012 >99% Unknown

CROK 19 2012 >99% Unknown

CORS 20 2020 >99% Unknown

All new antigens in the Cromer blood group system are the result of SNPs in Decay accelerating factor (DAF). Anti-CRUE was 
found in Auckland in a Thai patient (68)

022 - Knops
Table 14. New antigens in the Knops system (72-76)

Name # Year Described Antigen frequency Clinical significance

KCAM 9 2005 Caucasians 98%
West Africans 20% Unknown

KDAS 10 2020
Europeans 39%
Africans 95.8%

South Asians 67.7%
Unknown

DACY 11 2020
Europeans 96%

Africans 95%
South Asians 82%

Unknown

YCAD 12 2020
Europeans 35%

Africans 40%
South Asians 67%

Unknown

KNMB 13 2023 >99% Unknown

All new antigens in the Knops blood group system are caused by SNPs in Complement Component (3b/4b) Receptor 1 (CR1). 
KCAM and KDAS are antithetical antigens, as are DACY and YCAD.
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023 - Indian
Table 15 New antigens in the Indian system (77-79)

Name # Year Described Antigen frequency Clinical significance

INFI 3 2007 >99% Mild HDFN

INJA 4 2007 >99% Unknown

INRA 5 2016 >99% Unknown

INSL 6 2018 >99% Unlikely

All new antigens in the Indian blood group system are caused by SNPs in CD44.

024 - OK
Table 16. New antigens in the OK system (80,81)

Name # Year Described Antigen frequency Clinical significance

OKGV 2 2003 >99% Unknown

OKVM 3 2006 >99% Unknown

Both new antigens in the OK blood group system are caused by SNPs in Basigin (BSG).

026 - John Milton Hagen
Table 17. New antigens in the John Milton Hagen system (82-86)

Name # Year Described Antigen frequency Clinical significance

JMHK 2 2006 >99% Unknown

JMHL 3 2006 >99% Unknown

JMHG 4 2006 >99% Unknown

JMHM 5 2006 >99% Unknown

JMHQ 6 2010 >99% Unknown

JMHN 7 2019 >99% Unknown

JMHA 8 2020 >99% Unlikely

All new antigens in the JMHK blood group system are the result of SNPs in Semaphorin 7A (SEMA7A).

Section 2. New Systems

028 – Globoside (promoted from a collection to a system in 2003). 
In 2003 the system contained one antigen P but new antigens have subsequently been added (Table 18). The Globoside blood 
group system is encoded by Beta-1,3-N-Acetylgalactosaminyltransferase 1 (B3GALNT1), which is found on 3q26 chromosome 
(2). The gene encodes an enzyme which transfers N-acetylgalactosamine onto the Pk antigen in the P1PK system to form P. 

Table 18. New antigens in the Globoside system (87,88)

Name # Year Described Antigen frequency Clinical significance

PX2 4 2011 >99% Probable

ExtB 5 2019
Caucasians 13%

African Americans 24%
Asians 31%

Unknown

Anti-PX2 is found in patients with the very rare Pk phenotype. This phenotype arises from inactivations of the B3GALNT1 gene. 
Usually, anti-PX2 is found alongside other antibodies (anti-P, anti-P1) so its clinical significance is hard to determine. PX2 is 
abundant on p cells (PPlPk  negative)  so patients with anti-PX2 have an incompatible crossmatch with cells from p individuals. 
ExtB is associated with the B antigen. Anti-ExtB is found in group O individuals, as well as group AB and B Pk individuals, and 
reacts with B cells that are PPlPk-.
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030 - Rh-Associated Glycoprotein (RHAG) (promoted to a system in 2008). 
Antigens described since 2003 are listed in Table 19. 
The RHAG blood group system is encoded by Rh-Associated Glycoprotein (RHAG), which is found on 6p21.3 chromosome (2). 
The gene encodes a multi-pass membrane glycoprotein which is associated with RhD, RhCE, GPB, LW and CD47. This complex 
of molecules helps to maintain erythrocyte membrane integrity. RHAG is also involved in transporting some molecules and cations 
across the red cell membrane. It is expressed only on RBCs, but RHAG homologs can be found in other tissues.

Table 19. New antigens in the RHAG system (89-95)

Name # Year Described Antigen frequency Clinical significance

DUCLOS 1 2010 >99% Unknown

Ola 2 2010 <1% Unknown

DSLK 3* 2010 >99% Probable

Kg 5 2020 <1% Severe HDFN
Probable HTR

SHER 6 2022 <1% Unknown

THIN 7† 2023 <1% HDFN

* “Provisional number assigned awaiting further examples of the DSLK− phenotype to confirm the polymorphism.” (1)
† Provisional number assigned.

All antigens in the RHAG blood group system are the result of SNPs in RHAG. One new pair of antithetical antigens were discovered: 
DSLK and Kg. Three of the antigens were identified more than 20 years ago but elucidated more recently: DUCLOS (previously 
901.013), Ola (previously 700.043) and Kg (previously 700.045). Kg is present in approximately 0.2% of the Japanese population (90). 
Anti-Kg has caused two severe cases of HDFN that required exchange transfusion, and in vitro tests have suggested that it is capable 
of causing HTRs (90,93). In vitro tests suggest that the antibody to its antithetical antigen, DSLK, may also be clinically significant.

031 - FORS
The FORS blood group system is encoded by Globoside Alpha-1,3-N-Acetylgalactosaminyltransferase 1 (GBGT1), which is found 
on 9q34.2 chromosome (2). The gene encodes a glycosyltransferase, which catalyses the formation of Forssman glycolipids. These 
glycolipids are usually seen in animals and humans have corresponding naturally occurring antibodies. 

Table 20. Antigens in the FORS system (96)

Name # Year Described Antigen frequency Clinical significance

FORS1 1 2013 <1% Unknown

FORS1 is caused by a SNP in GBGT1.

032 - JR
The JR blood group system is encoded by ATP Binding Cassette Subfamily G Member 2 (ABCG2), which is found on 4q22.1 
chromosome (97). The gene encodes an ATP-dependent transporter that can transport a wide specificity of substrates, particularly 
uric acid. It is expressed on a range of cells, including the placenta and epithelial cells.

Table 21. Antigens in the JR system (97-102)

Name # Year Described Antigen frequency Clinical significance

Jra 1 2012 >99% Severe HDFN
HTR

The null phenotype of Jra (previously 901.005) is caused by mutations in ABCG2. Jr(a-) has a prevalence of 0.03% in Japanese 
and <0.01% of most other populations. Anti-Jra is clinically significant, having caused severe and even fatal HDFN, and sometimes 
causes HTRs (98-102).

033 - LAN
The LAN blood group system is encoded by ATP-binding Cassette Subfamily B Member 6 (ABCB6), which is found on 2q36 
chromosome (103). The gene encodes an ATP-dependent transport protein which transports heme and its precursors across the red 
blood cell membrane and outer mitochondrial membrane (104).
Table 22. New antigens in the LAN system (103,105)

Name # Year Described Antigen frequency Clinical significance

Lan 1 2012 >99% Severe HDFN
Probable HTR

The null phenotype of Lan (previously 901.002) is caused by inactivating mutations in ABCB6.
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034 - Vel
The Vel blood group system is encoded by Small Integral Membrane Protein 1 (SMIM1), which is found on chromosome 1p36.32 
(106). It encodes a transmembrane protein and is found in a range of tissues, particularly in the bone marrow, testes and kidney (107).
Table 23 Antigens in the Vel system (108-113)

Name # Year Described Antigen frequency Clinical significance

Vel 1 2013 >99%
HDFN

Severe HTR
AIHA

The null phenotype of Vel is caused by inactivating mutations in SMIM1. Anti-Vel is capable of causing AIHA, severe HTR and rarely 
HDFN (109-113).

035 - CD59
The CD59 blood group system is encoded by CD59 which is found on 11p13 chromosome (114). The gene encodes a glycoprotein 
that has a role in complement regulation (inhibition of the MAC complex) (115). It is expressed on all blood cells, endothelial cells 
and epithelial cells. It is also present in tear fluid (116).
Table 24. Antigens in the CD59 system (117)

Name # Year Described Antigen frequency Clinical significance

CD59.1 1 2014 >99% Unknown

Anti-CD59.1 was found in a patient with a CD59 deficiency. Very few cases of CD59 deficiency have been reported; seven as of 
2014, and three distinct CD59-null alleles were implicated. Of several transfusions given to one proband, only one post-
transfusion test revealed a transiently positive DAT with no clinical signs of HTR (117).

036 - Augustine
The Augustine blood group system is encoded by Solute Carrier Family 29 Member 1 (SLC29A1), which is found on 6p21.1 
chromosome (118). The gene encodes the ENT1 protein, which may have a role in adenosine transport and erythroid differentiation, 
as well as being involved in regulating bone metabolism (119). This protein is found ubiquitously in human tissues.

Table 25. Antigens in the Augustine system (119-124)

Name # Year Described Antigen frequency Clinical significance

AUG1 1 2015 >99% Unknown

Ata 2 2015 >99%
Moderate HDFN

Severe HTR
AIHA

ATML 3 2018 <1% Severe HDFN

ATAM 4 2023 >99% Probable

All antigens in the Augustine blood group system are the result of SNPs in SLC29A1, except for AUG1 whose loss is associated 
with the rare Augustine null phenotype. Anti-Ata has been found in a number of African American individuals. In vitro tests suggest 
that anti-Ata is clinically significant, and it has been implicated in cases of HDFN (one of which was moderate), HTRs (one of which 
was severe) and AIHA (120-122).

037 - KANNO
The KANNO blood group system is encoded by Prion Protein (PRNP), which is found on 20p13 chromosome (125). The gene 
encodes prion protein, a glycoprotein found in the brain and other tissues. It may have a role in copper transport and neuroprotection, 
as mutations are associated with Creutzfeldt-Jakob disease (126). Its function in RBCs is unknown
Table 26. Antigens in the KANNO system (125,127,128)

Name # Year Described Antigen frequency Clinical significance

KANNO1 1 2020
Most populations >99%

Japanese 94.2%
Southeast Asians 96%

Unknown
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The clinical significance of anti-KANNO is unknown, but among 16 reported cases of pregnancy and 7 reported cases of 
transfusion there were no cases of HDFN or HTR, with only one newborn testing DAT positive (127).



038 - SID
The SID blood group system is encoded by Beta-1,4-N-Acetyl-Galactosaminyltransferase 2 (B4GALNT2), which is found on 17q21.32 
chromosome (129). The gene encodes an enzyme which catalyses the formation of the carbohydrate determining the Sda antigen. 
This enzyme is absent on gastrointestinal cancer cells, suggesting it may play a role in eliminating metastasis. It is found in the kidney, 
colon and stomach, as well as human serum, milk, meconium and urine.
Table 27. Antigens in the SID system (130-133)

Name # Year Described Antigen frequency Clinical significance

Sda 1 2019 Most populations 91% HTR

The loss of Sda is associated with mutations in the B4GALNT2 gene. 91% of the population carries this antigen on red cells, but only 
4% are Sda negative in all tissues and therefore capable of making anti-Sda (130). Anti-Sda can cause HTR, particularly when RBCs 
of the rare Cad (Sda++) phenotype are transfused, as these react more strongly with anti-Sda (132,133).

039 - CTL2
The CTL2 system is encoded by Solute Carrier Family 44 Member 2 (SLC44A2), which is found on 19p13.2 chromosome (134,135). 
The gene encodes the CTL2 glycoprotein, which has a role in choline transport and carries HNA-3 (human neutrophil antigen), the 
antibody of which causes severe and fatal transfusion-related acute lung injury (TRALI). CTL2 is found in a variety of tissues, notably 
blood cells, inner ear and lung endothelium (135).

Table 28. Antigens in the CTL2 system (136)

Name # Year Described Antigen frequency Clinical significance

VER 1 2019 >99% Unknown

RIF 2 2019 >99% Unknown

Anti-VER was found in one CTL2 null proband (136). RIF is the result of a SNP in SLC44A2.

040 - PEL
The PEL blood group system is encoded by ATP Binding Cassette Subfamily C Member 4 (ABCC4), which is found on 13q32.1 
chromosome (137). The gene encodes an ATP-dependent transport protein which transports a variety of molecules and is involved 
in erythropoiesis (138). It is found in a variety of tissues, particularly the prostate and kidney (139).

Table 29. Antigens in the PEL system (140)

Name # Year Described Antigen frequency Clinical significance

PEL 1 2020 >99% Unknown

The loss of PEL (previously 901.014) is caused by a deletion of ABCC4.

041 - MAM
The MAM blood group system is encoded by Epithelial Membrane Protein 3 (EMP3), which is found on 19q13.33 chromosome (141). 
The gene encodes the EMP3 protein, which has a role in tumour suppression (142). It is expressed in the ovary, rectum, liver, kidney 
and embryonic lung (142).

Table 30. Antigens in the MAM system (143,144)

Name # Year Described Antigen frequency Clinical significance

MAM 1 2020 >99% Severe HDFN
Probable HTR

The loss of MAM (previously 901.016) is caused by various inactivating mutations in EMP3. A total of eleven MAM negative 
probands have been described, including one in New Zealand (143). Anti-MAM causes severe and fatal HDFN, and in vitro tests 
suggest that anti-MAM is capable of causing HTR (141,144).

042 - EMM
The EMM blood group system is encoded by Phosphatidylinositol Glycan Anchor Biosynthesis Class G (PIGG), on 4p16.3 
chromosome (145). The gene encodes an enzyme that has a role in glycosylphosphatidylinositol (GPI) anchor synthesis. Mutations 
in PIGG are associated with intellectual disability, seizures and hypotonia (146).
Table 31.  Antigens in the EMM system (147-150)

Name # Year Described Antigen frequency Clinical significance

Emm 1 2021 >99% HTR

The loss of Emm (previously 901.008) is caused by inactivating mutations in PIGG. Anti-Emm is thought to be a naturally 
occurring antibody in Emm negative individuals and has caused one acute HTR (148,149). In vitro tests suggest that a ti-Emm 
does not cause HDFN, and one recorded pregnancy was unaffected by anti-Emm, but this evidence is not conclusive (150).
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043 - ABCC1
The ABCC1 blood group system is encoded by ATP Binding Cassette Subfamily C Member 1 (ABCC1), which is found on 16p13.11 
chromosome (137). The gene encodes an ATP-binding cassette (ABC) transporter, which plays a role in protection of kidney epithelial 
cells. The protein is expressed ubiquitously in almost all human tissues (151).

Table 32. Antigens in the ABCC1 system (137)

Name # Year Described Antigen frequency Clinical significance

WLF 1 2020 >99% Unknown

The rare null phenotype is caused by an intron deletion (137).

044 - Er
The Er blood group system is encoded by Piezo Type Mechanosensitive Ion Channel Component 1 (PIEZO1), which is found on 
16q23-q24 chromosome (152). The gene encodes a red cell calcium channel, which helps change RBC volume in response to 
deformation (153). It is also expressed in the bladder, colon, lung and skin (154).

Table 33. Antigens in the Er system (155)

Name # Year Described Antigen frequency Clinical significance

Era 1 2022 >99% Unlikely

Erb 2 2022 <1% Unknown

Er3 3 2022 >99% Probable HTR

ERSA 4 2022 >99% Severe HDFN

ERAMA 5 2022 >99% Severe HDFN

All antigens in the Er blood group system are the result of a SNP in PIEZO1, except for Er3, whose loss is associated with the very 
rare Er(a-b-) phenotype. Era and Erb are antithetical antigens. 
   In vitro tests suggest that anti-Era is unlikely to be clinically significant, and a small number of incompatible transfusions have 
been reported without complications. Results of in vitro tests performed to determine the clinical significance of anti-Er3 
showed that incompatible RBCs were destroyed faster than normal, suggesting anti-Er3 may be capable of causing HTRs (156).

045 - CD36
The CD36 blood group system is encoded by CD36, which is found on 7q11.2 chromosome (156). The gene encodes a type B 
scavenger receptor with roles in cell signalling, fatty acid transport, and immune cell function (157). It is expressed in a range of 
immune and non-immune cells in the blood, including the endothelium (158). 

Table 34. Antigens in the CD36 system (159)

Name # Year Described Antigen frequency Clinical significance

CD36.1 1 2023 Unknown Possible HDFN

DISCUSSION
This report provides an update on what has been learnt about 
blood group antigens and systems over the last 20 years, and 
how their antibodies may affect patients in a clinical context. 
The results of this study had the potential to reveal limitations in 
our current ability to identify clinically significant antibodies and 
provide up to date information that will allow requirements of red 
cells used in red cell antibody screening to be reviewed.
   The following blood group antigens produced antibodies that 
were either clinically significant or likely to be clinically significant: 
ENEV (MNS45), SARA (MNS47), Pk (P1PK3), CETW (RH63), 
VONG (KEL28), KEAL (KEL39), KHOZ (KEL41), DISK (DI22), 
YTGT (YT6), SCAN (SC7), SCAC (SC9), DOMR (DO7), GECT 
(GE13), INFI (IN3), PX2 (GLOB4), DSLK (RHAG3), Kg (RHAG5), 
THIN (RHAG7), Jra (JR1), Lan (LAN1), Vel (VEL1), Ata (AUG2), 
ATML (AUG3), ATAM (AUG4), Sda (SID1), MAM (MAM1), Emm 
(EMM1), Er3 (ER3), ERSA (ER4), ERAMA (ER5) and CD36.1.
   There were some limitations in the information found during 
the literature search. Many antigens were only described in one 
study or abstract, and a few were only referenced by a secondary 
source. The coverage for each antigen varied; only a handful 
of studies gave a prediction of clinical significance, in some 
studies the quantity of antisera was limited, and therefore many 
studies were unable to estimate antigen or antibody 
frequency. The identification and classification of antigens is 
transitioning to molecular sequencing.

   Future research could investigate antigen or allele frequencies 
in different populations as resources permit, as this can help 
us determine whether their antibodies are likely to appear 
more frequently. It could also focus on determining the 
clinical significance of antibodies, using such tests as the 
monocyte monolayer assay.

CONCLUSION
Blood group systems show a high degree of polymorphism in 
a large and heterogeneous human population and new 
variants appear on a continuous basis. Corresponding 
antibodies can have real-world consequences in transfusion, 
pregnancy and autoimmunity. This report described 122 
blood group antigens and 17 blood group systems that were 
elucidated in the last 20 years.
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REVIEW ARTICLE
The MNS blood group system: a review

Rei Miyamoto
ABSTRACT
In transfusion science, blood group systems are one of the significant factors that must be considered throughout the donation 
and transfusion processes. One of these blood group systems is the MNS system, which was discovered second only to the ABO 
system, in 1927. The system is comprised of a large group of polymorphic, high-frequency and low-frequency antigens, which have 
formed from genetic recombination, unequal crossing over, gene conversion, and single nucleotide polymorphisms (SNPs). Besides 
the genetic mechanisms, the phenotypic frequencies among population groups are interesting characteristics of this blood group 
system. The antigens are found on single pass sialoglycoproteins A and B on the red blood cell (RBC) membrane as well as the renal 
endothelium and epithelium. They are involved in many roles such as preventing RBC agglutination in blood vessels, complement 
regulation, transmembrane signalling, anion exchange, and binding cytokines. They are even thought to bind bacteria and malarial 
parasites, meaning that individuals with null phenotypes have resistance to some infectious diseases. The clinical significance of this 
blood group system in transfusion practice comes from the alloantibodies that can cause transfusion reactions or haemolytic disease 
of the fetus and newborn (HDFN).
This review aims to provide an informative and critical summary of the MNS blood group system in the context of transfusion science. 
Keywords: MNS blood group system, sialoglycoproteins, red blood cell, transfusion reactions.

NZ J Med Lab Sci 2024; 78(1):20:23

INTRODUCTION
In transfusion science, many of the human blood group systems 
have alloantibodies that are clinically significant, with the 
potential to cause adverse events during blood transfusion (1). 
It is therefore important to understand the potential for adverse 
immunological events for each of the blood group systems and 
in this review the MNS blood group system will be considered.

Discovery
In the MNS blood group system, the major antigens are M, N, S, s, 
and U (2, 3). After the discovery of the ABO system, Landsteiner 
and Levine later discovered the M and N antigens in 1927. The 
letters of these antigens were taken from the word ‘immune’, 
as they discovered that rabbits became immunised to produce 
anti-M and anti-N, following exposure to human red blood cells 
(RBCs) (3-5). Later in 1947, Walsh and Montgomery discovered 
an antibody in a patient against a new antigen which they called 
S, named after ‘Sydney ’ in Australia where it was first found. 
The antithetical antigen of S was named s, following its discovery 
in 1951 (3-5).  Genetic studies into several families showed that 
the loci of M/N and S/s were closely linked and that there was 
a high degree of polymorphism of this blood group system 
(6). The U antigen of the MNS system was later discovered in 
1953 by Wiener, Unger, and Gordon, and stands for ‘universal’ 
based on its universal distribution as it is expressed in almost all 
Caucasians and Africans (3-5, 7, 8).
   According to the most recent classifications by the International 
Society of Blood Transfusion (ISBT), there are a total of 50 
antigens in the MNS blood group system (ISBT 002) (9). The 
frequencies of different MNS phenotypes in Caucasian and 
African populations are displayed in Table 1 (1, 4, 7, 10). Other 
than the main antigens, there are others of high prevalence, 
existing in over 90% of the population, or low prevalence, seen 
in less than 1% of the population (6).

Genetics
The genes encoding the MNS proteins are found on the long arm 
of chromosome 4 (2, 4, 5, 11). The two codominant alleles for 
the M (MNS1) and N (MNS2) antigens are found on the GYPA 
gene which encodes the glycophorin A (GPA) protein (2, 3, 11). It 
is thought that the GYPA gene duplicated and underwent cross-
over between two chromatid strands, resulting in progenitor 
GYPB and GYPE segments that became independent genes 
(3, 4). This makes the GYPA, GYPB, and GYPE genes very 
similar (>95% homology) and closely linked, allowing further 
recombination to occur (3, 4).  This confers the formation of a 
highly diverse group of antigens in this system that is much larger 
than in other blood group systems such as ABO, Kell, Duffy, and 
Kidd (2, 4, 9 12). The GYPB gene encodes for glycophorin B 

(GPB) and has an MNS3 allele for the S antigen, and an MNS4 
allele for the s antigen, which are also co-dominantly expressed 
(2, 3, 11). The M and N alleles differ by three single nucleotide 
polymorphisms (SNPs) on the GYPA gene, leading to serine and 
glycine in the M antigen and leucine and glutamic acid in the N 
antigen at amino acid positions 1 and 5, respectively (Figure 1) 
(2-4, 7). On the other hand, the S and s alleles only have one 
SNP difference in the GYPB gene, leading to methionine on the 
S antigen and threonine on the s antigen at position 29 (Figure 
1) (2-4, 7). The role of the GYPE gene is not well understood as
its protein is not found on the RBC surface; however, it is thought
to contribute to other MNS variants through gene rearrangement
with GYPB. It has an identical genetic sequence to GYPA, so
expression would result in M antigens on the RBC surface (3-5,
11).

Proteins and antigens
The M/N and S/s antigens are found on single pass 
sialoglycoproteins A and B, respectively, as displayed in Figure 
1. They are found in the glycocalyx of the RBC membrane as well
as the renal endothelium and epithelium (2-5). GPA is glycated
by N-linked and O-linked oligosaccharides, while GPB only has
N-glycosylation (4, 6).  The sialic acid contributes to the negative
charge on the RBC surface, preventing RBC agglutination for
good blood flow in small blood vessels (2-5, 14).  This glycation
is also essential for the insertion and expression of GPA and
GPB on the RBC surface (6).  Other major functions include
complement regulation, transmembrane signalling, facilitating
anion exchange by band 3, and binding cytokines (2, 5, 6, 14).
By interacting with band 3, the glycophorins provide physical
support to the RBC cytoskeleton and assist with CO2 exchange
between tissues. This is reinforced by the fact that individuals
with the Mur glycophorin variant with high band 3 expression
were found to have a higher rate of CO2 respiration (15).  They
also bind bacteria, viruses, and the Plasmodium falciparum
parasite, due to the high abundance of glycophorins on RBCs
and other cells (2, 3, 5).  The MNS null phenotype of the system
provides a selective advantage for resistance to some infections
with some of the populations from African malaria-endemic
countries having a relatively higher frequency of the S-s- and
U- phenotypes (Table 1) (2, 4, 14, 16).  It is thought that P.
falciparum binds to band 3 and the sialic acid on GPA or some
GPB to form a tight complex and invade the RBCs (17). Despite
the overall low prevalence of S-s- phenotypes indicated by Table
1, some select African populations were found to have a S-s- 
frequency of up to 35%. Furthermore, a vast majority of these
individuals also had the U- phenotype (18). A more recent study
by Leffler et al. revealed that a rare MNS hybrid variant called
Dantu, is present in East African populations which also confers
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protection against severe malaria (16).  This variant is thought to 
result in a hybrid between the extracellular domain of GPB and 
the transmembrane and intracellular domains of GPA, reducing 
the ability of P. falciparum to bind to band 3 (16, 17).  Not only 
does the Dantu variant reduce the risk of severe malaria, it also 
reduces the morbidity of individuals once infected (17).
   The GPA structure is thought to act as a receptor for bacteria 
such as pathogenic strains of Escherichia coli, causing urinary 
tract infections and possibly meningitis and septicaemia in 
neonates (19, 20). Several viruses have been reported to also 
use glycophorin structures for RBC invasion, including hepatitis 
A virus, reovirus, Influenza virus, and rotavirus.  In contrast to 
P. falciparum infection, the presence of glycophorins on the
RBC surface helps to protect individuals against these viruses,
bringing viruses in the blood to sites of immune processing away
from important target tissues via RBCs (21, 22).

 As discussed earlier, the genetic linkage and high similarity 
between the genes result in a highly polymorphic and diverse 
group of antigens (5, 11). The main antigens M, N, S, s, and 
U are expressed on the cord RBC surface at birth (7).  The U 
antigen is also present on the GPB structure and is distributed in 
high frequency along with other antigens such as Ena, as listed 
in Table 2 (2, 4, 11). Most U- individuals have associated S-s- 
phenotype due to the absence or alteration of the GPB protein 
overall (1, 5, 8).  Similarly, Ena- is associated with the absence of 
the M and N antigens on GPA (14). The Ena antigen is present on 
GPA, close to the RBC surface and is part of the RBC envelope, 
where its name comes from (7).

 Another interesting property of the MNS blood group antigens 
is their sensitivity to certain laboratory enzymes.  For example, M 
and N antigens are cleaved from the glycophorin structures using 
ficin, papain, trypsin, and pronase, while the S and s antigens are 
sensitive to a-chymotrypsin and pronase with some sensitivity to 
both ficin and papain (2, 10).  Their cleavage sites in the GPA and 
GPB structures are shown in Figure 1 (12). This characteristic 
is useful in the diagnostic identification of alloantibodies, as 
laboratory enzymes can destroy specific antigens and enhance 
the activity of others (e.g., ABO, Rh, Kidd, Lewis, P) (23). This 
fact also allows the differentiation of antibodies in a mixture of 
antibodies that respond differently to enzyme treatment (24). 
Some of the low frequency MNS antigens are enzyme resistant 
with the M variant antigen resistant to trypsin, papain, ficin, and 
bromelin (25).

Alloantibodies
Alloantibodies against the MNS blood group antigens have 
different characteristics and properties. Anti-M and anti-N are 
usually IgM and show a dosage effect, and some anti-M can have 
a partial IgG component. Alloantibodies can directly agglutinate 
M or N-positive RBCs due to the high expression of GPA (2, 3, 
5, 11) in saline (8). Both anti-M and anti-N are more reactive and 
specific at a slightly acidic pH, around 6.5 (6). As they are cold-
reactive, they can be detected at lower temperatures meaning 
they can often interfere in ABO grouping reactions, necessitating 
ABO grouping to be performed at 37°C (5, 11). Anti-M & N are 
naturally occurring alloantibodies, having been found in children 
without exposure to M or N antigens. As they are mostly reactive 
at body temperature, most are not clinically significant in blood 
transfusion (2-5, 11). Rare examples of anti-M and anti-N that 
are reactive at 37°C have been reported and have led to both 
immediate and delayed-type haemolytic transfusion reactions 
(HTR) bringing about extravascular red cell destruction (2, 4, 
5, 8, 11). Anti-M rarely causes haemolytic disease of the fetus 
and newborn (HDFN) and neonatal RBC aplasia (2, 4-6, 8, 11).
Anti-M is more common in young children, patients with bacterial 
infections, and pregnant women with an M+ fetus.  Generally, 
anti-N is less often seen due to the structurally similar “N” antigen 
on GPB, preventing N- individuals from producing anti-N (10). On 
the other hand, anti-Ena are usually IgG and have caused severe 
HTR and HDFN reacting with the high-frequency epitopes on 
GPA.  Because of the high prevalence of Ena epitopes in the 

population, it is difficult to find compatible donor units for Ena- 
patients with anti-Ena, who are usually also M-N- (2, 3, 5).
   In contrast, antibodies against the S, s, and U antigens are 
generally IgG, though rare cases of IgM anti-S have been 
reported (2, 5, 10, 11). IgG class antibodies require the use of 
anti-human antiglobulin in the indirect antiglobulin test (IAT) 
alloantibody screen. Agglutination by anti-s can be enhanced 
by slightly reducing the pH to 6.0 from the buffered saline pH 
of 7.0 (5, 8, 10). The presence of these alloantibodies is more 
clinically significant than anti-M and anti-N, as they are reactive 
at body temperature and can cross the placenta. Anti-S and 
anti-s have been reported to cause delayed HTR and HDFN, 
in higher frequencies than anti-M or anti-N (1, 8, 14). Anti-U 
is rare but is known to be more severe or fatal in the event of 
transfusion reactions and must be considered in S-s- individuals 
due to the GPB-null phenotype (1, 3, 8). This means that S-, s-, 
or U- patients require transfusion with null phenotype blood to 
avoid adverse transfusion reactions (13).
   Autoantibodies in this blood group system are rare, but some 
autoimmune diseases have been reported in the past (2, 14, 26). 
This includes auto anti-N in a dialysis patient using equipment 
that was disinfected by formaldehyde. Other examples of auto 
anti-N, auto anti-S, and auto anti-U have been reported to cause 
autoimmune haemolytic anaemia as well as warm autoantibodies 
against M, N, S, s, U, and Ena antigens (2, 6, 7, 26).

Genetics, Antigens, and Antibodies of Hybrid Variants
Many hybrid variants are formed through unequal crossing over, 
gene conversion, missense mutations, and splicing variants 
(4, 22, 27). New hybrid glycophorins are expressed following a 
repair of a defective splice site in exon III of the GYPB gene and 
this is the ‘hotspot’ of recombination between the homologous 
sequences (22, 27).The different hybrid types are named 
GYP(A-B) and GYP(B-A) caused by unequal crossing over; 
and GYP(A-B-A), GYP(B-A-B), GYP(A-E-A), and GYP(B-E-B) 
caused by gene conversion (4, 27, 28). Unequal crossing over 
between two chromatin strands results in different hybrid variant 
types based on the recombination site and arrangements as 
demonstrated in Figure 2. For instance, the GYP(A-B) strand is 
missing GYPA and GYPB, but the GYP(B-A) strand has both 
GYPA and GYPB. GYP(A-B-A) only has GYPB and GYP(B-
A-B) has GYPA, by the replacement of defective splice sites 
(4, 27). Missense mutations or splicing variants are caused by 
SNPs present in the introns or exons and lead to a change in the 
amino acid sequence or splice site (4). Unequal crossing over as 
well as gene deletion are also responsible for null phenotypes 
such as M-N-Ena-, S-s-U-, and MkMk (lack of both M/N and S/s 
antigens) (5, 26).
   MNS hybrid variants are more commonly seen in Asian 
populations (4). Most of the hybrid variants are low-prevalence 
antigens (Table 2); however, corresponding alloantibodies may 
be clinically significant for causing both immediate and delayed 
HTR and HDFN (4, 5). For example, the Mur glycophorin is 
common in China, Thailand, Taiwan, Singapore, Malaysia, and 
Vietnam, and exposure triggers an antibody response to Mia, 
Mur, MUT, and Hil antigens.  The IgG class alloantibodies formed 
against these antigens have caused HTR and HDFN; however, 
some are naturally occurring and harmless (27). Alloantibodies 
against the Vw and Mia antigens on the Vw glycophorin are also 
common however they are clinically insignificant unless they are 
IgG (22, 27). Clinically significant IgG class anti-Vw examples 
are more common in European countries such as Switzerland, 
causing HDFN (22). In transfusion medicine, the identification 
of irrelevant IgM antibodies is avoided by using alloantibody 
screening cells without corresponding antigens (22). Conversely, 
new alloantibody screening cells or kodecytes have been 
developed to include specific blood group variant antigens for 
which antibodies may be more common and clinically significant 
in certain populations. For example, the epitopes of Mur and 
MUT peptides were successfully attached onto RBCs by 
KODETM technology, without affecting the qualitiy of alloantibody 
screening or identification tests (30). 
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Table 1: MNS Phenotype Frequencies in Caucasians and Africans (1, 4, 7, 10)

Table 2. Other antigens in the MNS Blood Group System (4, 7) 

Figure 1. Structure of glycophorin A and glycophorin B adapted from (12)

Figure 2. Genetic mechanism of variant glycophorins A and B adapted from (29)

MNS Phenotype Caucasians (%) Africans (%)
M+N- 30 25
M+N+ 49 49
M-N+ 21 26
S+s- 10 6
S+s+ 42 24
S-s+ 48 68
S-s- 0 2
U+ 100 99
Ena+ 100 100

Classification Antigen (n=50)

Polymorphic M, N, S, s

High prevalence U, Ena, ENKT, “N”, ENEP, ENEH, ENAV, ENDA, ENEV, JENU

Low prevalence
He, Mia, Mc, Vw, Mur, Mg, Vr, Me, Mta, Sta, Ria, Cla, Nya, Hut, Hil, Mv, Far, sD, Mit, 
Dantu, Hop, Nob, Or, DANE, TSEN, MINY, MUT, SAT, ERIK, Osa, HAG, MARS, 
MNTD, SARA, KIPP, SUMI
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CONCLUSION
The MNS blood group system exhibits diverse molecular and 
immunological properties. The genes, proteins, antigens, and 
corresponding alloantibodies can contribute to an individual’s 
unique MNS blood group. This review emphasizes the importance 
of matching MNS blood groups for patients requiring blood 
transfusion in whom atypical clinically significant alloantibodies 
of the MNS system have been encountered and threaten HTR 
or HDFN. While some MNS blood group variations are rare or 
less clinically significant, each should be considered, as clinical 
consequences can be severe.
   The understanding of the MNS system has been evolving since 
its discovery in 1927 and today, 50 antigens have been identified 
in this highly polymorphic system.
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REVIEW ARTICLE
A review of ten years of Leptospira serology and PCR testing

Tégan A. Hall, Andrew W. Soepnel and Michael Addidle
ABSTRACT
Objective: To evaluate the use of diagnostic Leptospira laboratory testing within the Midlands region of New Zealand and identify the 
most sensitive testing strategy.
Method: Leptospira serology and polymerase chain reaction (PCR) testing performed within the Pathlab remit in 2013-2022 were 
reviewed by comparing methodologies and request origins to identify trends over time and evaluate the relative performance of 
serology and PCR testing.
Results: 81% of the cases tested by both serology and PCR that were confirmed infections were detected by either blood PCR, urine 
PCR, or serology alone. No significant difference was observed between the detection rates of blood PCR and urine PCR. Serology 
was the most frequently requested methodology, though PCR testing quadrupled in 2017 and uptake has continued to increase since 
then, becoming the favoured methodology amongst hospital-based requestors in 2022. Appropriately timed paired serological testing 
was rarely performed.
Conclusions: No single methodology can be relied on to consistently detect leptospirosis infections. Follow-up serology was under-
utilised. A combination of PCR and serology testing was the most effective testing strategy.
Key words: Leptospirosis, ELISA, microscopic agglutination test (MAT), serology, PCR.
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INTRODUCTION
Leptospirosis is an illness caused by infection with pathogenic 
spirochaetes of the Leptospira genus and is a notifiable disease 
in New Zealand, which has an annual incidence of approximately 
2 per 100,000 population (1). Transmission is typically zoonotic, 
occurring through contact with infected farm animals or rats, or 
through contact with water or soil contaminated with the urine of 
infected animals. Risk of exposure is therefore highest for rural 
occupations and meat workers (2).
   After a mean incubation period of ten days, leptospirosis 
causes a biphasic illness with a range of presentations. During 
the acute phase, leptospires are present throughout the blood 
and tissues, commonly causing flu-like symptoms such as 
headache, fever, myalgia and conjunctival suffusion. In the 10% 
of cases that are severe, Weil’s disease (jaundice, renal failure, 
haemoptysis, and dyspnoea), meningitis, or respiratory failure 
can develop. After three to nine days, the acute phase may cede 
to a brief asymptomatic period before the immune phase begins. 
The immune phase is characterised by a rise in anti-Leptospira 
IgM antibodies and clearance of leptospires from the blood and 
tissues, except kidney tubules, resulting in prolonged intermittent 
shedding in the urine. This phase can present similarly to the 
acute-phase symptoms, which may progress to multiple organ 
failure (3,4). When clinical suspicion for leptospirosis is high, 
treatment with antibiotics is initiated immediately, as treatment 
is most effective when commenced within five days of illness (4).
   The non-specific and variable manifestations of leptospirosis 
make the infection difficult to identify by clinical presentation 
alone. The presentation may be similar to other conditions such 
as viral hepatitis, influenza, toxoplasmosis and septicaemia; 
other rural infections, such as rickettsiosis; or tropical diseases 
in the case of returned travellers (3,4). This makes laboratory 
findings essential to confirming the diagnosis. Leptospirosis 
tests available in New Zealand include serology and polymerase 
chain reaction (PCR). Two types of serological tests are 
used for leptospirosis diagnosis in New Zealand: Leptospira 
IgM by enzyme-linked immunosorbent assay (ELISA) or 
chemiluminescent immunoassay (CLIA), and the microscopic 
agglutination test (MAT). The IgM assays qualitatively detect 
the presence of anti-Leptospira IgM antibodies and are 
commonly employed as a screening test with the MAT used as a 
confirmatory assay. Leptospira IgM assays can be performed on 
automated platforms with a short turn-around-time. However, a 
positive Leptospira IgM result is not confirmatory for leptospirosis 
as it may represent a recent infection, a cross-reaction, or a past 
infection, since anti-Leptospira antibodies can remain detectable 
for months to years post-infection (3,5). MAT is regarded as the 
gold standard serological test for leptospirosis (2,3), though it 
also has drawbacks. The method involves the use of a panel 

of live Leptospira serovars. Antibodies of both IgG and IgM 
isotypes from patient serum bind to the causative serovar in 
the panel, resulting in agglutination and therefore identification 
of the infecting serovar (6). A minimum of 50% agglutination at 
a titre ≥ 400 in a single serum sample, or a minimum four-fold 
rise between acute and convalescent sera titres is considered 
serological confirmation of leptospirosis in New Zealand (2). The 
two diagnostic laboratories where Leptospira MAT is available 
in New Zealand use the same panel of eight serovars known to 
cause infection in New Zealand and Australia. As there are over 
250 pathogenic Leptospira serovars worldwide, leptospirosis 
acquired overseas may give false negative results if the infecting 
serovar is not present in the MAT panel (2,6). The restriction 
of MAT to only two laboratories nationwide is a result of its 
complex and labour-intensive nature. The need to maintain live 
Leptospira cultures presents both a technical difficulty and a 
biosafety hazard. The test cannot be standardised and must be 
maintained as an in-house assay and has an interpretation that 
may be subject to reader variation (6,7).
   The sensitivity of serological tests for leptospirosis varies 
with the stage of infection. Testing should therefore be carried 
out on temporally paired sera. Both Leptospira IgM and MAT 
have low sensitivity during the acute phase of infection, when 
the humoral immune response is yet to appear. Sensitivity 
becomes optimal during the immune phase (8). In practice, 
this means that a convalescent sample of an infected patient, 
which is recommended to be taken three weeks after the onset 
of symptoms (4), compared to the acute sample taken at the first 
presentation, should show either seroconversion or a rise in MAT 
titre (7,9), providing a retrospective diagnosis. In some cases, 
early antibiotic therapy can interfere with the antibody response, 
and repeat testing beyond the paired sera may be necessary 
(4,7).
   In contrast to serology, PCR can provide a more rapid “real-
time” laboratory diagnosis of leptospirosis using blood or urine 
samples, and in cases of meningitis, cerebrospinal fluid (CSF) 
(4). PCR on blood samples can detect leptospirosis during the 
first week of symptomatic illness, before antibodies are detectable 
by serological methods (10,11). However, leptospiraemia is 
efficiently cleared during the immune phase, resulting in blood 
PCR becoming unreliable from the second week of illness (11). 
Urine is the recommended PCR sample-type during the immune 
phase. However, as leptospires are shed intermittently from the 
kidneys during infection, a negative urine PCR result does not 
exclude leptospirosis and should be repeated in cases with high 
clinical suspicion of leptospirosis (2,4). A single positive PCR 
result is sufficient for confirmation of leptospirosis (2).
   Testing for leptospirosis is inconsistent throughout New Zealand, 
as test accessibility, which is dependent on location, dictates how 
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a patient is tested, as opposed to official guidance. Leptospira 
IgM is performed by three diagnostic laboratories using different 
test kits and platforms. All positive and equivocal Leptospira 
IgM samples are sent to the same reference laboratory for MAT. 
Patients who have Leptospira serology performed outside the 
areas covered by these laboratories are only tested by MAT, not 
IgM ELISA or CLIA, and only when both acute and convalescent 
serum samples have been submitted (with exceptions). PCR 
testing is also available at three laboratories, and acceptance 
criteria for testing varies from none to provision of specific clinical 
details and sample timing (unpublished survey of New Zealand’s 
medical laboratories, November 2021). Guidance for laboratory 
testing is also inconsistent. The Ministry of Health recommends 
that patients be tested by both MAT and PCR (2). This conflicts 
with advice from Best Practice Advocacy Centre New Zealand 
(bpacnz) to perform paired serology and only add PCR when 
illness is severe or if it is necessary to confirm an occupationally 
acquired infection (4).
   This study undertook a retrospective review of Leptospira 
serology and PCR results over a ten-year period from patients 
in the Pathlab remit, to evaluate the utilisation and value of the 
different test methods available for diagnosing leptospirosis 
in the Midlands region. The aim was to identify which testing 
strategies have been most effective in detecting leptospirosis.

METHODS
Ethics
Ethical approval was not required as per the Health and Disability 
Ethics Committees’ (NZ) screening questionnaire.

Data Collection
Leptospira serology and PCR results were retrieved from the 
Pathlab results repository accompanied by patient National 
Health Index (NHI), requestor location, sample identifier, and 
collection date, to cover 2013–2022, inclusive. The retrieval 
captured requests from community-based requestors throughout 
the Midlands region of New Zealand, excluding Tairāwhiti and 
Taranaki, in addition to four public hospitals located in Tauranga, 
Whakatāne, Rotorua, and Taupō. Requests collected at Waikato, 
Thames, Tokoroa, Te Kuiti, and Taumarunui Hospitals do not fall 
under the Pathlab testing remit and were not included in the data.
   Serology consisted of IgM ELISA (PanBio) performed at Pathlab 
Waikato, and MAT performed by ESR Wallaceville on samples 
equivocal or positive by IgM ELISA. PCR was performed at 
Waikato Hospital Laboratory, initially almost exclusively on blood 
samples, with urine officially validated as a sample-type in 2017.

Result Interpretation
IgM ELISA results were reported qualitatively as either negative, 
equivocal, or positive, as per manufacturer cut-offs.  MAT results 
were reported quantitatively as a titre, as well as qualitative 
interpretation. Interpretations included “negative” (titre < 50), 
“exposed” (titre 50–200, where only one sample was collected, 
or the titres from paired sera remained within this range without 
a four-fold rise), and “confirmed” (single titre ≥ 400, or four-
fold increase in titre between acute and convalescent sera). 
PCR results were reported qualitatively as “not detected” or 
“detected”. Any case with a confirmed MAT result and/or PCR 
detected was regarded as confirmed positive for leptospirosis, 
as per the Ministry of Health New Zealand’s laboratory criteria 
for diagnosis (2).

Data Analysis
Serology and PCR test numbers, and PCR sample-types used, 
were compared for hospital- and community-based requestors 
over time. The relative performance of serology and PCR tests 
was analysed by applying an inclusion criterion of both serology 
and PCR results being available for each case of suspected 
leptospirosis. Test results grouped for each case were required 
to pertain to the same episode of illness. Where multiple requests 
were made for the same test during the same episode of illness 
and the result changed between requests, the convalescent or 
confirmatory results were deemed to be most useful and used for 
the purposes of data analysis.
   Using the data that met the inclusion criterion, the negative 
predictive value (NPV) of Leptospira IgM ELISA was calculated 
as the number of cases where IgM and PCR were negative (IgM 
true-negative) divided by the total number of cases where IgM 
was negative. The positive predictive value (PPV) of Leptospira 
IgM ELISA was calculated as the number of cases where IgM 
was positive and supported by a confirmed MAT or detection 
by PCR (IgM true-positive) divided by the total number of cases 
where IgM was positive. Equivocal IgM results were excluded 
from these calculations as they defer to the MAT result. 
   Results preceding 2017 were removed to give an overview of 
how clinicians requested Leptospira-specific tests when serology, 
blood PCR, and urine PCR were all available as options, and to 
review the outcomes of the different testing strategies. A further 
inclusion criterion of both blood and urine PCR results being 
available was applied to compare the relative performance of 
sample-types using McNemar’s test (12). Finally, a subset of 
requests from 2022 was analysed to gauge the frequency at 
which serology is followed up with convalescent sample testing.

Table 1. Summary of results for all cases that had both Leptospira serology and PCR tests performed.
Serology

IgM N IgM Eq, 
MAT N

IgM Eq, 
MAT Ex

IgM P, 
MAT N

IgM P, 
MAT Ex

IgM P, 
MAT CONF

PCR

Bl & Ur ND 86 0 1 8 4 5
Bl ND, Ur NT 56 1 1 2 1 3
Bl NT, Ur ND 36 1 0 0 1 5
Bl & Ur DET 1 0 0 0 0 1
Bl DET, Ur ND 4 0 0 0 1 0
Bl DET, Ur NT 3 1 0 0 0 1
Bl ND, Ur DET 9 0 0 0 0 5
Bl NT, Ur DET 2 1 0 0 1 0

N = negative; Eq = equivocal; Ex = exposed; P = positive; CONF = confirmed; Bl = blood; Ur = urine; ND = not detected; NT = not 
tested; DET = detected. Numbers in bold are cases meeting the laboratory criteria for confirmation of leptospirosis.  

Table 2. Testing modalities requested for suspected cases of leptospirosis in 2017-2022.
Ser & PCR Ser only Bl & Ur PCR only Bl PCR only Ur PCR only

Total cases 207 1,353 151 49 32
Unconfirmed cases 173 1,308 136 49 31
Confirmed cases (%) 34 (16%) 45 (3%) 15 (10%) 0 (0%) 1 (3%)

Ser = serology; Bl = blood; Ur = urine
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Table 3. PCR results for each sample-type belonging to cases who had serology and both PCR sample-types tested.

Blood Total
Detected Not Detected

Urine
Detected 2 14 16
Not detected 5 104 109

Total 7 118 125

RESULTS
The data collected for the study period included 3,703 Leptospira 
IgM and 843 PCR tests from 3,344 patients. As CSF PCR was 
performed on only three patients, data on CSF was excluded 
from this review.
   The results of serology and PCR testing are summarised in 
Table 1 using only the cases that met the inclusion criterion 
of having both serology and PCR results (241 cases). 43 
cases (18%) met the laboratory case-definition for confirmed 
leptospirosis. Of those 43 cases, 23 (53%) met the laboratory 
case-definition for leptospirosis due to PCR testing only.  35 
(81%) confirmed cases were detected by only one of the three 
possible confirmatory tests: Blood PCR alone was responsible 
for 9 (21%) confirmed cases, urine PCR for 13 (30%), and MAT 
for 13 (30%). IgM ELISA had a NPV of 90% compared to PCR, 
and a PPV of 58% compared to MAT and PCR.
   The number of cases tested by each available combination 
of testing methodologies during the years 2017-2022 and the 
proportion that returned confirmatory results is summarised in 
Table 2.
   The 125 cases with both blood and urine PCR results are 
summarised in Table 3, from which McNemar’s test two-tail 
p-value was calculated to be 0.06.  Using a significance threshold
of 0.05, this provides insufficient evidence for a difference in the
proportion of detected results between blood and urine PCR
sample-types.

DISCUSSION
In the community setting, Leptospira IgM testing decreased 
throughout the study period (Figure 1). Uptake of PCR in the 
community during this period never reached sufficient volume 
to explain, by way of replacement, the continual and marked 
decline in IgM testing illustrated in Figure 1. Conversely, serology 
requests originating from hospitals remained steady throughout, 
even as PCR was adopted, with PCR eventually becoming the 
more frequently used methodology for this requestor group 
in 2022 (Figure 2). A survey to investigate the cause of these 
trends is out of scope for the current study, but we suggest that 
the availability of Leptospira PCR, a test performed at Waikato 
Hospital Laboratory, was better known to hospital-based 
requestors, and GPs may have been unaware that they had 
access to PCR testing.

 As illustrated in Figures 2-4, an increase in the number of 
Leptospira PCR requests and confirmed cases was seen in 2017. 
This year’s quadrupling in total PCR requests coincided with the 
year urine became a validated PCR sample-type at Waikato 
Hospital, though the increased requests were for both sample 
types (Figure 4). 2017 also saw a peak in the national notification 
rate of leptospirosis at 3 cases per 100,000 compared to 1.8 
cases per 100,000 the previous year.  Additionally, in this peak 
year, Waikato had the highest notification rate for leptospirosis, 
nationwide, at 13.2 cases per 100,000 (13). Beyond the new 
availability of urine as a PCR sample-type raising awareness of 
Leptospira testing, reasons for the 2017 spike in test numbers 
and confirmations are unclear.

 Since the upsurge in 2017, it can be seen in Figure 2 that 
the proportion of Leptospira test requests that were for PCR 
increased with a concurrent upwards trend in the number of 
confirmed cases.  The two spikes in confirmed cases in 2017 
and 2021 (Figures 2 and 3) are matched by spikes in community 
PCR testing (Figure 4), and a relatively small spike in community 
IgM testing for 2021 only but are not reflected in the proportion of 

non-negative IgM results, which is steady in 2017 and at a trough 
in 2021 (Figure 5). This indicates that PCR detected cases that 
were missed or not tested by IgM ELISA during these spikes in 
testing.
   We have reported a low PPV of 58% for IgM ELISA, which does 
not correlate with the performance reported by other studies 
(8,9,14). This could be attributed to calculating the PPV based 
on the corresponding MAT and/or PCR result for each positive 
IgM ELISA. Research has suggested that the non-serovar-
specific IgM detected by ELISA can be detected earlier than the 
serovar-specific antibodies detected by MAT (6,15). Therefore, 
the non-confirmed MAT results, taken from a population that 
has been demonstrated not to test serology routinely with paired 
sera (Figure 6), may have falsely lowered the IgM ELISA’s PPV. 
Eugene et al. calculated a PPV of 80% for IgM ELISA by using 
Bayesian latent class modelling to account for the unreliability of 
MAT in the acute phase (9), which supports the notion that the 
performance of IgM ELISA may be better than our data suggests.
 Analysis of the relative performances of the differing 
methodologies showed serological testing alone to be 
responsible for confirming leptospirosis in 30% of cases where 
both serology and PCR had been performed. This is consistent 
with Earl et al.’s finding that 36% of the leptospirosis-positive 
patients enrolled in their study did not have their illness confirmed 
by PCR (5). In our data review, when both serology and PCR 
were tested, a greater proportion of the confirmed cases (53%, 
23/43) were detected by PCR only. It is not surprising that only 
17% (2/12) of the cases that tested positive for blood PCR were 
also confirmed by serology compared to the 32% (6/19) of urine 
cases that were also confirmed by serology. This is because 
the acute leptospiraemic phase is the only window when blood 
PCR can detect an infection, and this window precedes the 
antibody response. Cases that are confirmed by blood PCR in 
the acute phase do not require follow-up serology unless it is 
deemed necessary to identify the infecting serovar for Public 
Health purposes. Leptospires are cleared from the blood and 
intermittently shed in the urine at the time when the antibody 
response becomes detectable (4), thereby explaining the higher 
incidence of urine PCR and serology co-confirmations. While 
urine PCR was responsible for confirming more cases than blood 
PCR, a comparison of the two sample-types by McNemar’s test 
did not indicate that one detected leptospirosis significantly more 
than the other. This, in addition to the fact that 81% (35/43) of 
confirmed cases were detected by only one of the three possible 
confirmatory tests, indicates that the combined use of serology, 
blood PCR, and urine PCR is the most sensitive strategy for 
detecting leptospirosis in suspected cases. This is evident in 
Table 2, where combined serology and PCR testing gave the 
highest proportion of cases detected. Earl et al.’s study came 
to the same conclusion that blood and urine PCR and serology 
should all be employed for leptospirosis laboratory investigations 
(5). Additionally, a review by Budihal and Perwez of various 
laboratory tests for leptospirosis concluded that PCR and IgM 
ELISA used together is the most effective way to achieve an 
early diagnosis of leptospirosis (16).
   We recommend that New Zealand incorporate this multi-modal 
approach into the development of a national standardised testing 
strategy for leptospirosis that optimises case detection, by way 
of judicious test selection, in an equitable fashion.  In order to 
implement this, further work is required, such as evaluating the 
worth of the additional expense incurred by increased testing by 
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a cost-benefit analysis.
   While this review has shown that testing by both serology 
and PCR has been the most sensitive approach for detecting 
leptospirosis, the sensitivity of either methodology can be 
undermined by inappropriate sample collection or sample-
type. Blood PCR is not indicated after the first week of illness, 
but appropriate sample timing could not be assessed for our 
data as date of symptom onset was not available. The timing 
of serum collection is also important. Earl et al. reported that 
84% of patients with suspected leptospirosis presented to their 
general practitioner during the acute phase of the illness (5).  At 
this time, the antibody response is usually undetectable and a 
negative Leptospira IgM result is to be expected, which should 
be followed up with a convalescent sample. The importance of 
testing convalescent samples was demonstrated by Bajani et al., 
who calculated the sensitivity of IgM ELISA to be 49% in acute 
sera and 75% in convalescent sera, with MAT also being 49% in 
acute sera but rising to 94% in convalescent sera (8).
   Our analysis of serology testing from 2022 (Figure 6) suggests 
that sample timing is not performed optimally.  That year, no 
follow-up serology was collected for 87% of cases where 
serology was performed, and leptospirosis was not confirmed by 
initial serology or PCR (Figure 6). More than half of the 5.9% that 

did had the follow-up serum collected earlier than recommended. 
This is despite each initial negative Leptospira IgM result being 
reported with a comment recommending repeat serology in 3-4 
weeks. This rate is comparable to that seen by Waikato Hospital 
Laboratory, where in 2013, only 16% of Leptospira serology 
requests were followed up with a convalescent sample (17). 
Earl et al. found that, even with prompting from their medical 
centre, 32% (15/47) of patients in their study did not return 
for follow-up serology, and the researchers estimated that up 
to 31% (4/13) of patients who did not return could have had 
leptospirosis which was not detected by acute-phase tests (5). 
It is not always necessary to test follow-up serology, such as 
when the diagnosis of a different illness is made; also, patients 
may move between different laboratory remits, resulting in 
their acute and convalescent samples being tested by different 
laboratories, giving the false appearance of follow-up serology 
not being performed. However, these factors are unlikely to fully 
explain the relative frequency of 2.7% for appropriately paired 
IgM ELISA samples reported here. In light of this suboptimal use 
of Leptospira IgM ELISA, investigation into its value compared to 
other methods used outside New Zealand, such as point of care 
testing, may be of interest.

Figure 1. Uptake of Leptospira IgM and PCR testing by community- and hospital-based requestors over time.

Figure 2. The proportion of Leptospira test requests that are for PCR over time compared against the total number of confirmed 
leptospirosis cases in the data set, with the linear relationship between the total annual number of confirmed cases and time 
demonstrated (r = 0.56 by Pearson Correlation).  
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Figure 3.  Overall test numbers grouped by requestor and test type over time, with our data set’s confirmed case numbers overlaid.   

Figure 4. Number of blood and urine Leptospira PCR tests per year, originating from community- and hospital-based requestors. 

Figure 5.  The total number of community-based Leptospira IgM tests over time, with the proportion of those that gave a non-
negative (equivocal or positive) result overlaid.  
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Figure 6:  Leptospira serology requests for the year 2022, and the cases followed-up within appropriate and inappropriate timeframes.  

Limitations
As leptospirosis is a biphasic illness, studies into Leptospira-
specific tests often differentiate acute and convalescent results. 
Such differentiation was not possible here as this information 
is not a pre-requisite for testing and is seldom provided to the 
laboratory. Where the identification of follow-up testing was 
necessary, a presumptive status was assigned primarily by 
correlating sample collection dates in addition to manual case-
by-case review of clinical details provided to the laboratory. The 
lack of information provided on sample timing relative to symptom 
onset also precluded any analysis into the appropriateness of 
blood PCR sample timing.

CONCLUSION
Laboratory diagnosis of leptospirosis in New Zealand remains 
both challenging and geographically heterogeneous.  Our data 
indicated that follow-up serology is under-utilised. A combination 
of PCR and serology has been shown to be the most effective 
testing strategy, as no one test modality captures all clinical 
cases.
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ORIGINAL ARTICLE
Can the use of triglyceride to glucose and triglyceride to high density 

lipoprotein ratios indicate metabolic syndrome in the spinal cord injured 
male?

Lynnette M Jones and Michael Legge

ABSTRACT
Aim: To determine whether the use of triglyceride to glucose (TyG:G) and triglyceride to high density lipoprotein (TyG:HDL) 
indices can indicate the onset of metabolic syndrome in spinal cord injured (SCI) males.
Methods: Fasting plasma from 20, age, BMI, and physical parameters matched controls and 20 spinal cord injured males was 
analysed for triglycerides, glucose and insulin. In addition to the analyte values HOMA-IR was calculated for both groups. Results: 
Significant differences were identified between spinal cord injured complete and incomplete injuries for the TyG:G (p=0.042) and 
TyG:HDL (p=0.037) when compared with matched controls. Complete spinal cord injured were significantly different for TyG:G 
(p=0.039) and TyG:HDL (p=0.001). Those with incomplete lesions were not significantly different from the matched controls 
TyG:G (p=0.871) and TyG:HDL (p=0353).
Conclusion: Those with complete spinal cord injuries demonstrated outcomes consistent with metabolic syndrome, whereas those 
with incomplete spinal cord injuries did not differ from the able-bodied controls. It is concluded that the level of de-innervation has a 
significant role in the onset of metabolic syndrome in the spinal cord injured.
Keywords: spinal cord injured (SCI) 
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INTRODUCTION
Spinal cord injury (SCI) resulting in paralysis causes 
significant change in body composition below the lesion. The 
resultant loss of motor function leads to significant skeletal 
muscle wasting and a fat mass increase at both above and 
below the lesion (1,2). This significant change in body 
composition initiates major metabolic changes (3) that has 
been strongly associated with the development of 
cardiovascular disease (4). In addition, the development of 
glucose intolerance, hyperinsulinaemia, insulin resistance and 
dyslipidaemia are all contributing factors associated with the 
metabolic syndrome, which is frequently identified in SCI (3,5).
   Our previous research using biochemical parameters and 
factor analysis in SCI identified a strong association with 
markers of metabolic syndrome (6). Subsequently, we 
identified using fatty acid analysis that desaturase and 
elongase activity was significantly different in SCI when 
compared with matched able-bodied controls (7), confirming a 
disruption of lipid metabolism. More recently we reported 
significantly elevated fasting plasma free fatty acids and 
glycerol in the SCI when compared to the matched controls 
(8).
   In this current work we have investigated the use of 
the triglyceride: glucose index (TyG:G ratio) in SCI as a 
potential inexpensive surrogate marker for insulin 
resistance (9). In addition, we compare the TyG:G ratio 
to other potential biochemical markers of cardiovascular 
disease – the triglyceride to HDL ratio (TyG:HDL) and 
Homeostatic Model Assessment for Insulin Resistance (HOMA-
IR) (10,11,12).

MATERIAL AND METHODS
Participants and outcomes
The present study was undertaken using plasma from SCI and 
control individuals from our previous study (7). All data relating to 
biophysical information, spinal injury classification, dual energy 
x-ray absorptiometry (DEXA) results and physical activity have
been previously published (6). In brief, there were 20 participants
in each group (SCI and controls) who were male and matched
for age, height, weight, BMI and physical activity. There were
no significant differences between all these parameters and
between the groups (7). Ethical approval was obtained from both
the Regional Health Funding Authority and the Canterbury Ethics
Committee.

Biochemical data 
Triglyceride (TyG) levels were determined enzymatically, 
while high density lipoproteins (HDL) were determined using the  

direct assay method. Both analytes were determined using the 
Aeroset system (Abbott Laboratories Diagnostics Division, 
Illinois, USA). Glucose was analysed using the Ultimate 5 
glucose kit (Roche Diagnostics Corporation, Indianapolis, 
USA). And insulin was analysed by radioimmunoassay using 
the Coat-A-Count assay (Diagnostic Products, Los Angeles, 
USA). Analysis was undertaken on a Cobas Mira Plus auto-
analyser (Roche Diagnostics Corporation, Indianapolis, USA).

Statistical analysis
All data were normally distributed and variances for the groups 
were the same. The TyG index was log transformed. The 
tests were two-sided independent t-tests.  While able 
bodied and spinal injured men were similar in height, weight 
and age, they were independent groups. The t-tests were 
used primarily as an exploratory procedure to ascertain 
statistical differences between the controls and the SCI with 
complete and incomplete spinal injury, and a one-way ANOVA 
was performed to compare the TyG:G ratio, HOMA-IR and 
TyG:HDL ratio between the groups. All statistical analyses 
were undertaken using Statistical Packages for Social 
Sciences (SPSSv25), (IBM Statistics, Armonk, USA).

RESULTS
The initial exploratory between group t-test revealed a significant 
difference in the TyG:G ratio between the SCI men with complete 
lesions and those with incomplete lesions, p=0.042 and for the 
TyG:HDL ratio p=0.037. Significant differences were also found 
for comparisons between men with complete lesions and their 
matched controls, TyG:G p=0.039 and TG:HDL, p=0.001. 
Results for men with incomplete lesions and controls were not 
significant for either TyG:G or the TyG:HDL indices, p=0.871 and 
p=0.325 respectively.
  The one-way ANOVA revealed that there was no statistical 
difference between the groups for TyG:G and HOMA-IR 
(F(2,7)=2.858, p=0.07 and (F(2,37)=0.087, p=0.92 respectively. 
However, the TG:HDL ratio was significant (F(2,37)=7.163, 
p=0.02. Post hoc tests for multiple comparisons found significant 
differences between SCI with complete lesions and incomplete 
spinal lesions (p=0.037, 95% CI=0.056,2.10) and between 
complete spinal lesions and controls (p=0.02, 95% CI=4.496, 
2.319). There was no statistically significant difference for 
TyG:HDL between the SCI with incomplete injuries and controls 
(p=0.614)
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DISCUSSION
The purpose of this study was to investigate whether routine 
biochemical indices could identify at risk SCI for diabetes and 
cardiovascular disease, namely the use of triglycerides, glucose 
and HDL. The TyG:G ratio has been previously shown 
to correlate with insulin resistance (13,14) and with 
cardiovascular disease (9) in able bodied populations. 
Similarly, the TyG:HDL ratio has been found to be a suitable 
marker to identify insulin resistance in the able-bodied 
population (11.12). Given that SCI are at higher risk for 
developing both type 2 diabetes and cardiovascular disease 
(4,15) it was considered that there was a potential to use these 
indices to identify SCI at risk using routine relatively 
inexpensive biochemistry tests. More sophisticated non-
invasive testing such as ultrasound for local arterial stiffness 
can provide diagnostic information, however this and related 
techniques required access to ultrasound and an experienced 
operator.
   The results from this limited small study have identified an 
interesting relationship between complete and incomplete SCI. 
Briefly, complete SCI is considered to be where nerve damage 
is sufficiently severe that nerve impulses cannot be transmitted, 
whereas incomplete SCI does not have total nerve damage. 
However, the relationship between nerve damage and 
function in the incomplete SCI may depend on the level of 
the spinal cord injury (16). The result from the current 
investigation clearly indicates an outcome which could be 
related to the level of nerve damage i.e. completes vs 
incomplete. There were significant differences for TyG:G and 
TyG:HDL ratios between the complete and the incomplete 
SCI. Additionally, TG:HDL ratios from the complete SCI were 
also significantly different from the matched controls, whereas 
the incomplete SCI showed no significant difference with 
controls. We consider that this may well reflect the retention 
of some muscle innervation in the incomplete SCI thereby 
providing sufficient metabolic signalling to retain some muscle 
metabolic activity.  Whether this would ultimately be 
sufficient to prevent metabolic syndrome is outside of the scope 
of this current work. However, we have previously 
identified significant changes in individual free fatty 
acids which are associated with insulin resistance and 
metabolic syndrome in all SCI (7). Additionally, we have 
demonstrated significant elevation in total free fatty acids and 
glycerol in both SCI groups compared to controls (7). This 
would indicate an overall shift from normal skeletal muscle 
metabolism below the injury to fat deposition and lipolysis. 
Although the BMI between the controls and SCI groups has 
been shown to be not significant, there was a 47% increase in 
the fat mass and a 16% decrease in lean tissue mass 
below the lesion (15). This was consistent with subsequent 
investigations identifying that while the BMI remained 
within normal limits, the SCI group demonstrated 
metabolic variables consistent with metabolic syndrome 
(6). This indicates an overall shift from normal skeletal 
muscle metabolism below the injury to fat deposition and 
lipolysis. Although we did not identify a significant 
difference in the TyG:G index, and no significant difference 
with HOMA-IR, we consider that the sample size may well be a 
limitation of this work rather than the overall predictive value of 
the ratio.
   Skeletal muscle is a major body organ involved in both 
glucose and fatty acid metabolism (17) and a loss of this 
metabolic activity will ultimately give rise to disruption of the 
interaction of energy substrates i.e. the loss of the ability to 
metabolise glucose. Typically, with the loss of the ability to 
metabolise glucose, insulin resistance will develop and is a 
precursor to metabolic syndrome and diabetes (18,19). While 
we accept the limitations of this study, it is clear that the 
transformation from lean tissue mass to fat mass below the 
lesion following denervation disrupts the normal metabolic 
function of skeletal muscle. The possibility of using simple 
biomarker ratios may help in the early detection of insulin 
resistance and metabolic syndrome in SCI individuals.
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SCIENTIFIC LETTER
Implementation of laser warning markings for equipment and instruments in 
the International Standard ISO 15189:2022 accredited medical laboratory in 

New Zealand
Dennis Mok, Naira Eloyan, Rana Nabulsi, Sharfuddin Chowdhury, 

María del Rocío González Guerrero, Winsome Lee
and Donna Marie Gillespie

Equipment and instruments that incorporate laser products 
to support diagnostic capacity are widely used in the medical 
laboratory (1,2). The medical laboratory must implement relevant 
risk control measures to manage safety-related behaviours 
and warn of hazards (Subclause 5.6 of ISO 15189:2022). This 
paper was conceived during our communication with medical 
laboratories in the Asia-Pacific region relating to laser warning 
markings.  The exact requirements seemed to receive scant 
attention from laboratory personnel. To make matters worse, 
it seemed the markings were often invisible during routine 
operation. In addition, it appeared that the markings were often 
supplemented with Food and Drug Administration (United States) 
markings provided by the manufacturers. 
   The main objective of this paper is to enhance the medical 
laboratory’s awareness of requirements relating to the 
provision of relevant risk control measures through warning 
markings for Class 1 to Class 4 laser products (Clause 4.3 
of AS/ NZS IEC 60825.1:2014). Selected organisations 
were identified to provide relevant information to support 
communication of hazard information to laboratory personnel: the 
Food and Drug Administration (United States), the International 
Electrotechnical Commission (IEC), the International 
Organization for Standardization (ISO), Standards Australia, and 
Standards New Zealand.
Definitions
The following definitions should be noted by the medical 
laboratory:
Good Practice - defined by the ISO as a ‘process or method 
that has been shown to work well, succeeds in achieving its 
objective(s), is acknowledged and therefore can be recommended 
as an approach’ (Subclause 3.1.2.7 of ISO 22163:2023).
Hazard - defined by the ISO as a ‘potential source of harm’ 
(Subclause 3.13 of ISO 15190:2020).
Marking - defined by the ISO and the IEC as ‘symbols, pictograms, 
warning, logos, or inscriptions on the consumer product, label, 
or packaging to identify its type, which can also include short 
textual messages’ (Subclause 3.12 of ISO/IEC Guide 14:2018).

Contemporary challenges
The risk control measures relating to hazard information 
communication should include conveying relevant information 
by displaying relevant warning markings to inform laboratory 
personnel about laser hazards to minimise undesirable 
consequences, and such warning markings must be positioned 
so they are visible to the intended laboratory personnel within a 
reasonable observation distance (3,4). Implementation of these 
two abovementioned measures should be in alignment with 
the medical laboratory good professional practice commitment 
[Subclause 5.5 a) of ISO 15189:2022].

Laser product warning markings
The medical laboratory is to ensure that appropriate 
warning markings are displayed according to the laser class 
(Subclause 9.5.1 of ISO 15190:2020). The markings must 
be durable, permanently affixed and legible (Clause 7.1 of 
AS/ NZS IEC 60825.1:2014), so that laboratory personnel can 
recognise a specific source of potential harm, understand the 
consequences, take appropriate actions and make informed 
decisions.  The appropriate warning markings should be the ones 
stated in Figure 1 a) (Section 7 of AS/NZS IEC 60825.1:2014); 

however, the wording of warning labels is recommended, but 
not mandatory. It is important to note that some Class 1 laser 
products are classified as exempt laser products, so application 
of warning markings is not required.  The warning markings in 
Figure 1 b) are from the Food and Drug Administration (United 
States) that sometimes co-exist with the ones in Figure 1 a) 
although they do not meet the warning marking requirements in 
New Zealand.
   With the exception of Class 1 and Class 1M, the markings must 
consist of a laser beam hazard sign (see Sign 448, Table B3 
of NZS/AS 1319:1994) with an explanatory label (Section 7 of 
AS/ NZS IEC 60825.1:2014) that includes the name and publication 
date of the standard to which the laser product was classified or 
accompanied by a separate explanatory label in close proximity 
on the product (Clause 7.9 of AS/NZS IEC 60825.1:2014), or an 
alternative label with an explanatory label.  

Figure 1: see supplementary material at https://mix.nzimls.org.
nz/journals-recent.html

Placement of warning markings
The medical laboratory is to ensure appropriate warning markings 
are clearly visible during operation or maintenance (Clause 7.1 
of AS/NZS IEC 60825.1:2014); however, providing reasonable 
visibility only during maintenance of equipment and instruments 
may reduce the warning effectiveness because it is likely that 
the warning will be out of view in most circumstances. The 
medical laboratory should investigate whether such placement 
could hinder continual awareness communication of the hazard 
to laboratory personnel during routine operations. The medical 
laboratory should have the warning markings clearly visible 
during operations as well as maintenance to ensure the warning 
to laboratory personnel effectively promotes continual situational 
awareness. The medical laboratory must, to the extent that is 
reasonably practicable, make provisions to ensure relevant risk 
control measures for laser usage are identified unambiguously, 
implemented effectively, and displayed explicitly for hazard 
communication to laboratory personnel.
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Most Delicious Poisons: the story of 
nature’s toxins from spices to vices
Author: Noah Whiteman, Little, Brown Spark, 
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The author, Noah Whiteman is an evolutionary biologist 
at the University of California, Berkley. He is Professor of 
Integrative Biology and Molecular and Cellular Biology, with 
links to entomology and computational biology at other tertiary 
institutions. In the book he explores the evolution of poisons and 
toxins in plants from potential biological defence mechanisms 
to the use by humans as spices, flavourings, recreational and 
commercial use and as poisons. The author draws on 
indigenous knowledge (both historical and current) on the 
use of plant poisons and toxins to modern day applications in 
both culinary, medical use and abuse. The book is well 
structured taking the reader through thirteen chapters based 
primarily on the chemical nature of the poisons and toxins. This 
approach lends itself for the author to cover poisons and toxins 
from many plant species based on their effects. Integrated into 
this, is the knowledge of their effects on humans and, where 
known, the pathways and receptors which interacts with the 
respective poisons and toxins. The author cleverly takes the 
reader through his own personal journey since childhood 
learning about plants from his father to developing 
international recognition as an expert on plant poisons and 
toxins. The book is well written and structured, and the writing 
style is easy to read and provides information for both the 
‘interested’ and the ‘expert’.

Reviewed by Michael Legge, PhD
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President’s Statement

National pathology laboratory services are rapidly approaching a crisis level post COVID. The service is fragmented, has an aging workforce and retention of 
skilled scientists and technicians is becoming problematic. These dynamics have been highlighted by Health Workforce New Zealand with strategies presented to 
remedy the situation, however this is a multifactorial problem that requires a broad range of solutions. The current position is that an essential diagnostic pathology 
health service lacks coordination, any career structure for both scientists and technicians, as well as uncertainty regarding employment as the health reforms are 
transitioning. Continued education, training and competency are frequently overlooked by the employers in the desire to increase productivity, this will only have 
serious consequences in the future. 

Adding to this serious and complex situation is that the two Universities who provide the specialist graduate workforce (Medical Laboratory Scientists) with 
Bachelor of Medical Laboratory Science (BMLSc) degree are underfunded for the BMLSc degree programme. Both Universities produce approximately 80 
graduate Scientists per year.

The training, education, and qualification Qualified Medical Laboratory Technician (QMLT) provided by the professional body (NZIMLS) is not sustainable in its 
current format, which will have significant consequences for the sustainability of the profession. The NZIMLS graduates approximately 140 Technicians and 
Phlebotomists per year. The potential decrease in the specialist workforce will ultimately lead to the reduction or loss of an already fragmented diagnostic pathology 
service resulting in a loss of diagnostic capabilities and have a significant impact on disease diagnosis and treatment.

The New Zealand Institute of Medical Laboratory Science (Inc.) considers that if the current trend continues there will be a significant risk for both specialist training 
of the pathology workforce and pathology services in New Zealand.

1. Mission Statement
“The New Zealand Institute of Medical Laboratory Science (Inc.) (NZIMLS) is the organisation that oversees the professional affairs of diagnostic
medical laboratory science in New Zealand. The New Zealand Institute of Medical Laboratory Science (Inc.) (NZIMLS) is the professional organisation
that represents those engaged in the profession and practise of Medical Laboratory Science in New Zealand.”

 “It has an ongoing commitment to promote professional excellence through communication, education and a code of ethics to achieve the best 
laboratory service for the benefit of the patient.”

There are approximately 3,800 medical laboratory scientists and technicians practising in New Zealand. Examples of similar professional groups within New 
Zealand include the Medical Sciences Council of New Zealand (MSCNZ) and the New Zealand Nurses Organisation (NZNO). The NZIMLS also has direct 
collaborative interface with the Australian Institute of Medical Scientists (AIMS) and the United Kingdom Institute of Biomedical Science (IBMS) plus international 
collaboration with the International Federation of Biomedical Laboratory Science (IFBLS). 

2. The Objectives of the NZIMLS:

2.1 To establish and promote standards appropriate to the profession of Medical Laboratory Science.

2.2 To improve the standards, status, education and training of members of the profession.

2.3 To promote, conduct and organise conferences and seminars as may be required for the membership for the further education and professional 
development of all categories of the membership.

2.4 To promote, conduct and organize Competency and Professional Development (CPD) programmes as may be required by the membership for 
the management and compliance of Annual Practicing Certificates (APC) according to the Medical Sciences Council of New Zealand (MSCNZ).

2.5 To confer appropriate categories of membership on those entitled to receive them.

2.6 To encourage the publication of material relating to or associated with Medical Laboratory Science and Pathology.

2.7 To design, organise and conduct professional examinations to individuals entering the profession with no formal laboratory background. These 
examinations are accredited by the MSCNZ and provide graduates with a registerable qualification, QMLT.    

2.8 To promote, conduct and organise professional examinations as may be required by the membership (Fellowship of the New Institute of Medical 
Laboratory Science). 

2.9 To provide advice and representation on matters pertaining to Medical Laboratory Science and Pathology. To award prizes, certificates, medallions 
or other recognition to members who by way of examination, peer nomination or public honour have excelled and/or achieved in the practice of 
Medical Laboratory Science.
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2.10 To liaise with and advise the two Universities providing the Bachelor of Medical Laboratory Science (BMLSc) degree.

2.11 To facilitate and promote the development of post-graduate courses for the membership relating to diagnostic pathology and medical laboratory 
science. Specifically, the introduction of the Clinical Scientist, a relatively new post tertiary qualification provided by the Royal College of 
Pathologists (RCPA) through the Faculty of Science, which was developed to help manage the shortfall of specialist pathologists.

2.12 To act in the best interests of the profession and to undertake or conduct the affairs of the profession considered necessary or beneficial to the 
Institute or its members.

3. NZIMLS Council Members.

3.1 The current NZIMLS Council is made up of the following members who are elected by the membership at the Annual General meeting on a two-
yearly basis:

• President – Tony Barnett (Awanui, Nelson)

• Vice President – Sujata Hemmady (LabPlus, Te Whatu Ora, Auckland)

• Secretary/Treasurer – Ajesh Joseph (Te Whatu Ora, Waikato)

• Region 1 (Auckland region) Representative – Melanie Adriaansen (Te Whatu Ora, Waitematā)

• Region 2 (Greater Waikato region) Representative – Hollie Beall (Te Whatu Ora, Waikato)

• Region 3 (Greater Wellington region) Representative – Lynne Morgan (Te Whatu Ora Te Matau a Maui)

• Region 4 (Canterbury/Tasman) Representative – Gavin Atkinson (New Zealand Blood Service, Christchurch)

• Region 5 (Otago/Southland) Representative – Sue Melvin (Awanui, Clyde)

• Technician representative - Emma Potton (Communio NZ Ltd, Dunedin)

The NZIMLS office staff, including the Executive Officer, are employees or contractors for services of the NZIMLS.

• Executive Officer – Sharon Tozer (NZIMLS Office, Christchurch)

• Competency and Professional Development (CPD) – Jillian Broadbent (Christchurch)

• Office Administrator (Part time) Sarah Maginness (Christchurch)

• Journal Editor – Lisa Cambridge (Dunedin)

• Academic Advisor – Associate Professor Mike Legge (University of Otago, Chair, Faculty of Science, Royal College of Pathologists of
Australasia)

3.2 The NZIMLS Council has four meetings a year, each held over two days (excluding virtual meetings as and when necessary).

3.3 The NZIMLS organises a National Annual Scientific Meeting (ASM), as well as regional South and North Island seminars each year.

3.4 Currently, there are nine affiliated medical laboratory discipline groups namely Special Interest Groups (SIG’s) that have annual meetings.

3.5 All the financials and risks relating to these meetings go through the NZIMLS accounts, that are independently audited each year.

3.6 The NZIMLS also owns and supports the New Zealand Journal of Medical Laboratory Science which publishes refereed scientific articles three
times a year and is freely available to all financial members.

4. Medical Sciences Council (MSCNZ) and the NZIMLS

4.1 The Medical Sciences Council of New Zealand (MSCNZ) Is one of eighteen New Zealand regulatory health authorities appointed by the Minister 
of Health under the Health Practitioners Competence Assurance Act 2003 (the Act). 

4.2 The primary responsibility of the MSCNZ is to protect the health and safety of the New Zealand public accessing medical laboratory scientific 
services. This is achieved by ensuring that all practitioners hold the appropriate prerequisite qualifications and are competent to practise while 
fulfilling the continuing education requirements stipulated by the Act.

4.3  All scientists and technicians working in diagnostic pathology laboratories in New Zealand must be registered with the MSCNZ and hold a current 
Annual Practising Certificate (APC) issued by the MSC.

4.4 The NZIMLS provides the framework for educational and professional development opportunities for scientists and technicians to fulfil the 
requirements necessary to obtain an APC.

4.5 The NZIMLS Council is elected by its members and works at an advisory level with the MSCNZ. Both organizations have a role to ensure the 
promotion of medical laboratory science, ensure professional competency and to be actively involved in ensuring the profession continues to 
provide the public with a safe, efficient, ethical and competent diagnostic medical laboratory service in New Zealand.

4.6  For candidates training to become Medical Laboratory Technicians and Pre-Analytical Technicians within New Zealand, the NZIMLS provides 
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discipline-based training curricula, practical assessment documents, an examination and certification. This qualifies the candidate for registration 
with the MSCNZ.

4.7 As an independent professional organization, the NZIMLS also provides the MSCNZ accredited CPD programme that is utilized by the majority 
of medical laboratory scientists and a significant number of medical laboratory technicians. Belonging to a fully accredited CPD program is a 
requirement in New Zealand to fulfil the requirements of holding an Annual Practising Certificate (APC).

NZIMLS Concerns

4.8.  The NZIMLS has grave concerns relating to the MSCNZ initiating a New Zealand based examination to allow Technicians with a BSc (subject 
unspecified) to complete an on-line multichoice examination to become registered scientists. This places the MSCNZ as both a registration body 
and operating as provider for gaining registration, which is inappropriate as a regulatory body and undermines the academic and educational 
requirements of practising Medical Laboratory Scientists.

5. Medical Laboratory Science within New Zealand

5.1 The New Zealand workforce comprises of Medical Laboratory Scientists, Medical Laboratory Technicians and Pre-analytical Technicians. Most 
are graduates of the New Zealand BMLSc courses at our Universities or graduates of the NZIMLS Technician examinations but there is also a 
significant proportion of internationally trained Scientists and Technicians working in New Zealand.

5.2 Within the diagnostic laboratories in New Zealand, Specialist Pathologists (where available) and senior managers provide the oversight. 

5.3 All diagnostic Pathology Laboratories operating in New Zealand are accredited with International Accreditation New Zealand (IANZ) and are 
audited against the ISO 15189 Standard.

5.4 Throughout New Zealand there are both private diagnostic laboratory providers and Te Whatu Ora owned laboratory providers. The main private 
providers in New Zealand are Awanui (previously Known as Asia Pacific Health Group), Sonic and Pathology Associates.

6. Ministerial Responsibility for Medical Laboratory Science in New Zealand

6.1 The NZIMLS strongly believes pathology services are part of the critical health services framework and must be maintained by ensuring a 
sustainable training program for our Scientists through the New Zealand University system. Additionally, our Technicians have the opportunity to 
train through an appropriate fit for purpose programme. Laboratories use technology to ensure efficient and cost-effective diagnostic services that 
meets international best practice to serve all New Zealanders. It is essential that Pathology is not treated as a commodity that can be continually 
slashed and downsized, in return of a profit to shareholders. 

A thorough overview of policy and planning for New Zealand Pathology Services is required to ensure a sustainable high-quality service to 
patients and stability to those essential staff working in this profession.

6.2 The NZIMLS are confident the new government will take into consideration the environmental footprint of medical laboratory testing and pathology 
services in general. Currently in New Zealand some samples travel considerable distances due to the geographical location of the contracted 
private laboratory, delays associated with this can be detrimental to specimen quality and lead to inaccurate patient results. In addition, increasing 
specimen transfers from rural and regional laboratories removes the capacity for these communities and rural providers to provide timely care. 
The NZIMLS would expect that the efficiency of the testing footprint be taken into consideration with future diagnostic laboratory developments.

6.3 The NZIMLS has raised concerns about employer-based recertification programmes (CPD) with the previous Minister of Health. Although 
approved by the responsible authority (MSCNZ) an employer recertification programme is a direct conflict of interest and does not provide an 
independent quality assessment for a CPD programme.

There was agreement that while there are professional and education bodies providing approved recertification (CPD) programs then there is no 
need for employer-based recertification programs. The NZIMLS expects continued Ministerial support on this aspect of recertification. 

6.4 The NZIMLS needs to see resolution of the issue of access for New Zealand medical laboratory workers to ongoing training and educational 
activities and in particular, opportunities to discuss current and future diagnostic approaches with our peers. This requires ‘ring-fencing’ of 
appropriate funds for continuing education, qualifications, and career progression. 

6.5 The NZIMLS requires a clear training pathway be created for the training of Clinical Scientists and that a career structure is developed for this 
role within Pathology Services in New Zealand to help overcome the international shortfall of specialist pathologists. This would be consistent 
with international trends in Pathology and a similar training programme has been operating in the UK for approximately 40 years and is highly 
successful.

6.6 Currently, the NZIMLS has a voice within a variety of professional pathology organisations that have active involvement in working groups aligned 
with the Ministry of Health. It is our desire to continue this collaboration with any organisation that significantly influences diagnostic medical 
laboratory testing and/or health workforce planning. This includes the expectation that the NZIMLS should have a voice within the structure of the 
Health New Zealand entity to ensure the future sustainability of the New Zealand diagnostic pathology laboratory service.

Tony Barnett
President
New Zealand Institute of Medical Laboratory Science.
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IN MEMORIUM
Paul McLeod – Medical Laboratory Scientist, NZIMLS President

August 1947 - 30 June 2022, Life member from 1999

Many of our current members will be too young or have not been working in the Medical 
Laboratory Science industry in New Zealand to remember one of our past NZIMLS 
Presidents, Paul McLeod, but it is time we pay tribute and remember this leader within 
our profession.
Paul grew up in Nelson and fell into the laboratory profession by mistake, he attended a 
job interview to work in the hospital accounts department but whilst doing so was 
asked if he would be interested in a job in the laboratory. Paul thought that seemed an 
interesting option and so took the job as a laboratory trainee. Paul went through the 
training process of the day, COP in Laboratory Science (Certificate of Proficiency) and 
found his passion in Microbiology.
Paul was part of a team of young scientists back in the early 1970s who worked in 
the very old part of Nelson Hospital. The Laboratory ws poorly equipped, and the 
accommodation was sub-standard to say the least, however this was not unusual for 
the laboratories of that era. Paul and the rest of the team made the most of the situation 
and became a very tight knit hard-working group that were well respected throughout 
the hospital. Much of this may also be down to Paul’s engaging and positive personality. 
The laboratory team was renowned for their involvement in the Hospital Reviews with 
Paul leading the charge – writing lyrics for songs to be sung and choreographing the 

dance moves and play to be presented. Paul’s wife, Diane, was never far away either, making costumes and providing support. Paul 
will always be remembered for his enthusiasm on the guitar, his bold singing voice, and his infectious laugh.
   In the Microbiology lab, Paul followed the standard doctrine of the time, with no Pathologist oversight it was a case of using 
textbooks and colleagues from around the country to develop the methods and procedures to handle specimens that came into the 
laboratory. Paul also became involved in a research project to identify the production of gentamicin antibodies in rabbits at Nelson 
Hospital for which he won a prize and travelled to an Australian conference to present his finding.
   Paul also had the reputation of being a great department manager and boss, he was always fair, respected his staff, encouraged 
them to exceed their own perceived limits and gave them responsibility and autonomy to grow in their career.
Paul’s naturally outgoing and positive personality along with his leadership qualities made him an obvious choice to represent the 
region on the NZIMLS Council. Paul was on Council when Fran van Til was hired. He was on Council when it was decided they would 
no longer be involved in the employment contract negotiations and this responsibility would move to the Unions. 
  Paul also worked on the formation and introduction of the BMLSc degree at Otago 
University, the development of the CPD programme and many other positive initiatives for 
the profession. Paul worked his way through many of the roles on Council, culminating in 
his Presidency and offering 38 years’ service to the profession.
   Paul was much more than a Medical Laboratory Scientist, he was a devoted family 
man, and with his wife Diane, raised three children, Anna, Rebecca and Chris and their 
families were so proud of their father’s achievements, but he too was so proud of them. 
Paul was a keen follower of local, national, and international news and would often offer 
comment on the news of the day. He was a keen follower of sports, an accomplished boatie 
and fisherman and loved spending time in the Marlborough Sounds. He was proud of his 
Scottish heritage but not at the expense of Nelson or New Zealand. He loved his music, and 
he loved people, Paul would volunteer at a local rest home driving a minivan of residents to 
the local shops or taking them to appointments.
   Having said all of that, for many of us who had the pleasure of knowing and working 
with Paul, either in the laboratory or on the NZIMLS Council or in some other capacity, Paul will always remain in our hearts and be 
remembered as a friend.

Contributed by: Tony Barnett, NZIMLS President
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Interview with the recipients of the NZIMLS top student award, 2023
Top Student Awards are offered annually by the NZIMLS for 
student academic achievement during the third year of the 
BMLSc degree or in more recent times during the fourth year. 
The award is made to students at the University of Otago and 
AUT in New Zealand who offer the BMLSc qualification and is 
provided in support of the recipient's final clinical training year in 
the BMLSc programme. The $2,000.00 prize is typically paid to 
the University who then present it to the winner on behalf of the 
NZIMLS.
   In November, AUT recognised fourth year students; Lillian Birkett 
and Alejandra Walker as joint top students and Rei Miyamoto 
was awarded top Otago University student. Coincidentally, Rei 
also features in this issue as a published author with her review 
article entitled; ‘The MNS Blood Group System’.

Alejandra Walker        Lillian Birkett   Rei Miyamoto

Firstly, congratulations to you all on winning the top BMLSc 
student awards! What a fantastic accolade to start your careers 
in medical laboratory science. Thank you for sharing your 
experiences with us.

1. Can you tell us a little about yourself?

Alejandra: I am originally from Colombia but moved to New
Zealand at a young age. During my high school years, I
developed a keen interest in sciences and was attracted to
the idea of pursuing a career in medical science. With that
goal in mind, I completed a degree in Biomedical Sciences.
However, this was just the beginning of my journey, as I later
discovered my passion lay in Medical Laboratory Science. I
am grateful for the opportunities I've had to learn and grow,
and I'm excited to see where my career takes me next.

Lillian: My name is Lillian Birkett and I am originally from
Sunshine Coast Australia but have been living in New
Zealand since the age of five. I lived in a very rural region of
Whangarei and eventually moved to Auckland for university. I
really enjoyed the nature and country lifestyle that Whangarei
had to offer and often spent my time outside in the ocean or
in the beautiful bush.

Rei: I have always had a passion for health sciences since
high school. I am fascinated by the pathology of different
diseases, mechanisms of microbes and the immune system,
and the anatomy and the physiology of the  human body.
I always knew that I wanted to somehow contribute to the
healthcare system, so I knew medical laboratory science was
for me when I discovered it.

2. What interested you about the BMLSc degree?

Alejandra: One of the things that attracted me to this
programme was its versatility. I liked that the programme
allows you to explore the different medical laboratory
science disciplines before choosing a specific pathway. This
approach lets you customise your academic journey based
on your interests. Additionally, the programme's emphasis

on practical work captured my attention. I think that the 
chance to apply theoretical knowledge not only reinforces 
learning but also prepares students for the demands of the 
field.

Lillian: I have always been fascinated by biology and the 
relationship that diseases impact such a perfectly designed 
system. Further, how we can determine the presence/
absence of such diseases through testing. This made 
the BMLSc degree very enticing. The blend of these two 
interests, the comprehensive and specialized curriculum 
alongside the strong focus of diagnostic procedures, 
laboratory techniques and sample analysis made this degree 
really stand out from the rest. Moreover, AUT’s BMLSc 
degree design of covering multiple areas of specialization 
from haematology, microbiology, clinical chemistry and 
more created a holistic understanding of multiple laboratory 
practices which was another key reason why this degree 
appealed so much to me.

Rei: I didn't know about BMLSc until I came to university, 
but I knew that it was what I wanted to study when I saw the 
course programmes. It consisted of both theory and realistic 
practical work in a large range of pathology disciplines. I 
enjoy lab work so I thought it would be fascinating to learn 
and work in a medical laboratory while I contribute to the 
healthcare system.

3. Was there a defining moment where you thought; ‘yes
that’s what I want to do’? Can you tell us about it?

Alejandra: Upon completing my biomedical sciences degree
and working in the field for a year, I realised I wanted to play a
more active role in the healthcare industry. That's when I came
across the BMLSc program and was immediately captivated
by the idea of combining my passion for microbiology with
the opportunity to positively impact people's health and well-
being.

Lillian: Since the age of ten, my aspiration was to embark
on a career as a marine biologist with a noble mission of
safeguarding marine life, particularly the turtles. However,
it was during my high school years that a transformative
encounter with my physical education teacher redirected
my path toward becoming a medical laboratory scientist.
Interestingly, he, too, had initially aspired to be a marine
biologist before transitioning to teaching. His profound
insights into the field, coupled with his encouragement
to dream beyond my initial aspirations, prompted me
to re-evaluate my interests. Despite hailing from a rural
school where ambitious career choices were viewed
as unconventional, my desire to delve into the realms
of science, especially human biology and pathology,
intensified. Researching alternatives, I stumbled upon the
Bachelor of Medical Laboratory Science (BMLSc) degree
the summer before commencing university. As I delved
into the intricacies of the program, I was captivated by its
unique blend of biological sciences, human health, and
critical analysis—elements that resonated deeply with my
passions. From that moment, I was resolute in my decision
to pursue the BMLSc degree, recognizing it as the perfect
amalgamation of my interests and aspirations. This journey,
sparked by an early fascination with marine biology and
nurtured by the guidance of my teacher, has evolved into
a profound commitment to the intricate realms of medical
laboratory science.

Rei: When I found myself enjoying the studying and the
practicals, despite the large workload, I knew I wanted to

New Zealand Journal of Medical Laboratory Science 2024 
40



pursue my career in this field. This passion was reinforced 
during my placement experiences when I saw that every 
day is different and there are more learning opportunities 
even after university.

4. What did the programme entail? Was there a speciality 
or a particular placement that really grabbed you?

Alejandra: The BMLSc programme offers a great blend of 
theoretical learning and practical experience across diverse 
fields of medical laboratory science. There were a few 
subjects that piqued my interest, but I ultimately decided to 
specialise in medical microbiology and transfusion science. 
The fascinating world of bacteria and fungi captivated me, 
and during my placement, I found the work to be like an 
exciting puzzle that I couldn't get enough of. As for transfusion 
science, understanding the different blood groups and their 
characteristics was intriguing. I particularly enjoyed working 
on antenatal cases during my placement. The joy of helping 
pregnant women and ensuring the safety of their neonates 
was an unparalleled experience.

Lillian: The educational journey I undertook comprised 
three years of rigorous study at the university, coupled with 
a transformative one-year placement. The initial two years 
were dedicated to foundational coursework, delving into 
general knowledge and exploration of various specialization 
options. The culmination occurred in the third year when I had 
the privilege of selecting two specialized papers, immersing 
myself in a profound exploration of both immunology and 
clinical chemistry. Thankfully, my placement unfolded at 
Labplus, where I delved into the realms of clinical chemistry 
and immunology. Clinical chemistry captivated me with its 
comprehensive coverage of diverse organ systems and 
their intricate connections to prevalent diseases. What truly 
resonated with me was the fascinating interplay between 
theoretical knowledge acquired in lectures and its practical 
application to real-life case studies. This experiential bridge 
between theory and application heightened my academic 
experience and brought forth a profound enjoyment in the 
process. In the realm of immunology, my fascination soared 
as I delved into the intricate mechanisms governing the 
body's defence and response mechanisms against diseases. 
The immune system, a marvel of complexity, unveiled itself 
as a breathtakingly beautiful system. Exploring its intricacies 
left me awe-inspired by the multifaceted layers of defence 
and the dynamic reactions orchestrated to maintain the 
body's equilibrium in the face of pathogenic challenges. In 
essence, my educational expedition not only encompassed 
the acquisition of knowledge but also provided a rich tapestry 
of experiences. The specialized focus on clinical chemistry 
and immunology during my placements not only deepened 
my understanding of these disciplines but also fuelled 
my passion for their intricacies. The hands-on application 
of theoretical concepts and the profound revelations 
encountered during these studies have left an indelible mark 
on my academic journey, fostering an enduring appreciation 
for the complexities inherent in the field.

Rei: The programme starts off with every discipline so that 
students can get to know each specialisation before deciding 
which ones suit them best. The lectures, tutorials, and labs 
are very fun but can be tough to balance all of the workload. 
I think it is a great opportunity to learn organisation and 
time management skills which will come in handy in high-
demand labs in the future. I also enjoyed learning each 
discipline from different angles such as studying the theory, 
experiencing hands-on practical work, solving problems and 
case studies, and discussing amongst my classmates and 
lecturers.

5. Top Student, what does this prize mean for you?

Alejandra: Being recognised as a top student is a great 
honour that fills me with pride. This achievement validates 
all the hard work and dedication I have put into my studies 
and motivates me to continue striving for excellence in both 
my future academic and professional pursuits.

Lillian: This award holds profound significance for me as 
it symbolizes the culmination of relentless dedication to 
enriching my educational journey and absorbing knowledge 
at every opportunity. Beyond its monetary value, this prize 
represents an opportunity to joyously acknowledge and 
express gratitude to my family and friends, unwavering 
pillars of support throughout my academic pursuits. Their 
encouragement and support have been integral to my 
success in attaining the high level of achievement I've 
reached. This degree is not only a personal triumph but also 
a collective achievement shared with my loved ones. Their 
unwavering love and support have played an indispensable 
role in my academic journey, shaping it into the success 
it is today. I firmly believe that without their steadfast 
encouragement, I would not have achieved the position I 
currently hold. This award is, in essence, a celebration of 
the collaborative effort and shared triumph that defines my 
educational accomplishment.

Rei: It feels great for my hard work to be acknowledged! I 
was surprised when I first got this prize, but it made me feel 
more motivated to keep learning and growing.

6. Was there a person/s who inspired you during this 
journey?

Alejandra: Absolutely! Throughout my journey, I've been 
fortunate to come across remarkable individuals who have 
inspired me and shaped me in many ways. I was lucky to 
have professors who were not only knowledgeable in their 
fields but also genuinely passionate about their work, and 
they ignited my curiosity. Moreover, my fellow students 
have also played a crucial role in my journey by creating 
a positive learning environment with mutual support during 
challenging times. Lastly, my family has been a great source 
of inspiration, and their unwavering support and words of 
encouragement kept me grounded and focused on my 
goals.

Lillian: I have been fortunate to be surrounded by a diverse 
tapestry of inspirational figures who have profoundly 
shaped my outlook on life. The indelible lessons instilled 
by my parents, emphasizing the unwavering commitment 
to invest 100% effort into every endeavour, have been the 
cornerstone of my journey. Their guidance has been the 
steady compass navigating me through the labyrinth of 
challenges. In addition to the familial wisdom, my twin sister 
stands as a beacon of inspiration, effortlessly excelling in 
every facet of her existence. Her remarkable academic 
achievements during her university tenure have served as 
a catalyst, igniting within me the ambition to not only match 
but surpass her accomplishments. Witnessing her prowess 
has been a testament to the boundless potential that resides 
within myself. Among the constellation of influences, my 
partner, Douglas, has been an unwavering source of 
encouragement. His steadfast belief in my capabilities 
has always been a constant reminder that I possess the 
power to achieve anything my mind sets out to conquer. 
His motivational words have been the driving force behind 
my pursuit of excellence, instilling in me the confidence to 
embrace challenges as opportunities for growth. Together, 
these inspirational figures have woven a narrative of 
determination, resilience, and the pursuit of excellence in 
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my life. Their collective impact has propelled me to strive 
for greatness, armed with the conviction that I am capable 
of transcending boundaries and achieving the extraordinary.

Rei: Throughout my studies, I have met many intelligent 
lecturers, researchers, and scientists. When I saw them 
immersing themselves in their job, it inspired me to focus 
on things I enjoy learning. Lecturers are passionate about 
the topics they are teaching, researchers are always curious 
and aiming high, and scientists are fulfilling their goal to 
provide a safe healthcare service. BMLSc provides students 
with opportunities to meet with these aspiring people which 
helps us find our path.

7. What’s next for you in your career?

Alejandra: My immediate goal as a recent graduate is to 
secure a position in the microbiology or transfusion science 
field. I am eager to apply all the knowledge and skills 
I’ve acquired throughout my academic journey to real-
world scenarios while working towards obtaining my full 
registration. In the future, I would like to pursue further study.

Lillian: Even before officially graduating, I secured a position 
as a medical laboratory scientist specializing in clinical 
chemistry at Labplus, specifically in the special techniques 
department. This presents a remarkable opportunity to 
contribute to the same institution where I completed my 
placement, providing me with invaluable insights into the 
intricacies of the department and its specialisation. Looking 
ahead, my immediate focus is on accumulating more 
experience and honing my skills as a medical laboratory 
scientist. The goal is to immerse myself in the dynamic field, 
continually learning and growing in a hands-on capacity. 
In the long term, I envision a return to Australia, my home 
country, where my roots lie, and my entire family resides. 
However, for now, my primary objective is to amass valuable 
experience, forge professional connections, and lay the 
foundation for my future endeavours.

Rei: I am working in the Transfusion Science Blood Bank 
at Christchurch Hospital. It is very exciting to be working in 
a dynamic field with continuous challenges that allows for 
both personal and professional growth. My goal is to get fully 
registered, contribute my skills, and become a scientist who 
can inspire future scientists. I am also interested in further 
studies in relevant fields in a few years’ time. In university, I 
enjoyed writing review articles and participating in research 
projects so I want to continue this passion for knowledge 
expansion in my career.

8. What do you enjoy about the job? And what has your 
experience in the laboratory taught you?

Alejandra: As a medical laboratory scientist, I will have 
the important role of testing patient samples and ensuring 
the results are interpreted accurately. The information you 
provide is crucial in guiding clinicians to make informed 
decisions about the appropriate treatment plan for patients. 
I believe this work is rewarding, as it gives you a sense of 
purpose and impact, knowing that what you do can make 
a real difference in someone's life. Throughout my clinical 
placements, I had the opportunity to work with a diverse 
group of people, each with unique backgrounds and 
experiences. This exposure was invaluable, as it taught 
me the importance of teamwork and how to appreciate the 
different perspectives that each person brings to the table.

Lillian: Working as a medical lab scientist fascinates me 
because it involves the use of analytical methods which 
directly affect patient care. I enjoy conducting detailed 

scientific analyses that help diagnose, treat, and prevent 
diseases. The precise and detail-oriented nature of the 
laboratory environment aligns with my passion for accuracy 
and scientific exploration as described above. My experience 
in the lab has been a valuable learning journey, though 
a short experience so far as new graduate. Performing 
different tests and experiments has improved my analytical 
skills and has allowed me to engage my critical thinking 
skills.
In summary, working as a medical lab scientist has not only 
increased my scientific knowledge but has also given me 
a deep appreciation for the crucial role laboratories play in 
healthcare. It has taught me the importance of precision, 
adaptability, and collaboration in delivering results that 
directly impact patient outcomes, making each day in the 
laboratory rewarding and intellectually stimulating.

Rei: In general, working in a medical laboratory is very 
fulfilling and stimulating. It gives us a strong sense of purpose 
because of the challenges, problem solving, and the large 
influence we have on the patients. Even in the short time 
frame of my past laboratory experiences, I have seen many 
advancements in technology and laboratory tests. Every day 
and every sample is unique in the medical labs and these 
changes give us valuable learning experiences. Another 
quality of medical labs is the people. Not only the laboratory 
team but the clients, pathologists, and clinicians are all 
involved in providing the best patient care. Collaborating as 
a team to work towards the same goal is so special and 
important.

9. The profession has been prominent in New Zealand 
media since the Covid-19 pandemic and more recently 
relating to the strikes and protests over MLS/ MLT pay 
and conditions. What has been your experience or 
thoughts on this so far? 
How do you think this has impacted both the profession, 
your career and you personally?

Alejandra: The pandemic has significantly strained 
our healthcare system, creating an increasing demand 
for qualified laboratory professionals. As a result, it is 
encouraging to see individuals in this field working towards 
improving the working conditions for MLS and MLT. I 
believe that these efforts will not only attract more people to 
these critical careers but will also help ensure that existing 
professionals stay in the field, leading to a more stable 
workforce that can provide better quality services. Moreover, 
the pandemic has reinforced my views on how essential this 
job is and how much positive impact we can have on the 
community

Lillian: I find myself standing somewhat apart from the 
prevailing narrative surrounding the impact of COVID-19 
on my academic journey. While many of my peers in the 
degree grappled with the challenges of remote learning, I 
discovered a sense of empowerment amid the chaos. My 
inherently dedicated and hardworking nature propelled me 
to thrive in the online learning environment, relishing the 
autonomy it afforded me to delve deeply into my studies 
within a conducive setting. The asynchronous nature of 
online lectures became a boon, allowing me to meticulously 
review and absorb the course content at my own pace, a 
luxury I found conducive to my learning style. Nonetheless, 
I empathize with those who faced difficulties navigating this 
shift in educational paradigms. Entering the professional 
realm during the pandemic has been an enlightening but 
somewhat uncharted experience for me. While I may not 
be well-versed in how the pandemic has shaped my chosen 
profession, I can envision the challenges faced by medical 
laboratory professionals, navigating the intricacies of their 
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roles amidst lockdowns and heightened health concerns. 
The commitment and resilience required to carry out 
crucial work during such tumultuous times undoubtedly 
speak volumes about the dedication inherent in the 
field. Regarding the strikes and pay conditions, my novice 
status in this career realm leaves me somewhat uninformed 
about the intricacies of these issues. However, based on my 
observations during placements and in my current job, I've 
witnessed medical laboratory scientists tirelessly labouring 
to deliver quality results for patients. This unwavering 
commitment to excellence merits not only recognition but 
also fair compensation reflective of the dedication and hard 
work invested in ensuring the well-being of those we serve. 
As I delve deeper into this profession, I am eager to gain 
a more comprehensive understanding of the challenges 
and nuances that shape its landscape while advocating for 
the just recognition and compensation that my colleagues 
rightfully deserve.

Rei: I think the Covid-19 pandemic has affected medical 
laboratory science in many ways. It has greatly increased 
the workload, pressure, and expectations in some labs. 
On top of the general difficulties that many people faced 
during the pandemic, scientists were entrusted with more 
responsibilities in the labs. On a positive note, it has helped 
this profession be more recognised and appreciated. 
It would have been impossible without the hard work 
of scientists all around New Zealand. The strikes have 
highlighted the need for better compensation and working 
conditions to acknowledge these diligent scientists. I think 
this is crucial for protecting their motivation and maintaining 
the positive influence that medical laboratories have in the 
healthcare system. Personally, the pandemic has taught me 
the importance of adaptability and continuous professional 
development. Although half of my university years have 
been affected by the pandemic, I think it was a valuable 
learning experience.

10. Do you have any advice for our up-and-coming medical
laboratory scientists?

Alejandra: My advice is to pursue what interests you
within the field, stay curious, and never stop learning. Take
advantage of every opportunity that comes your way, even
if it means stepping outside your comfort zone. Lastly,
remember to persevere and work hard, and you will achieve
great things.

Lillian: My advice for any up-coming medical laboratory
scientists would be to really apply yourself to your studies
as you get out of the degree as much as you put in. I really
put myself 110% into my degree and I have come out of this
degree with so much knowledge and experiences that have
really benefited me in placement and the current job I have
as a medical laboratory scientist. By truly applying yourself
to the degree it also means a greater chance to get into the
specializations you are wanting and setting yourself up for a
very fulfilling career.

Rei: Experiment with different topics and specialisations and
focus on what you are passionate about. Stay curious and
enjoy learning while taking care of your well-being. Medical
laboratory science is crucial to the healthcare system so
being dedicated and positive will make a significant impact
on patient outcomes and healthcare advancement.

Thank you, Alejandra, Lillian and Rei, your experiences are 
truly inspiring and aspirational. On behalf of the NZIMLS and 
its members we wish you all the best in your careers. I have no 
doubt that we will be hearing more from you all in the future.

Lisa Cambridge
Editor

2024 NZIMLS CALENDAR 

Dates may be subject to change 

Date Event Contact 

March 16 Haematology SIG Meeting, Wellington Alan.Neal@pathlab.co.nz 

23 South Island Seminar, Nelson Tony.Barnett@awanuilabs.co.nz 

April 20 Closing date for QMLT applications admin@nzimls.org.nz 

May 03-05 NICE Weekend, Christchurch Raewyn.Cameron@pathlab.co.nz 

15 Material for the July Journal must be with the Editor editor@nzimls.org.nz 

June 22 Biochemistry SIG Meeting, Hamilton PingTat.Luk@waitematadhb.govt.nz 

August 15 Annual Reports and Balance Sheet to be with the Membership sharon@nzimls.org.nz 

28-30 NZIMLS Annual Scientific Meeting , Te Pae, Christchurch sharon@nzimls.org.nz 

August 29 NZIMLS Annual General Meeting, Te Pae, Christchurch sharon@nzimls.org.nz 

September 15 Material for the November Journal must be with the Editor editor@nzimls.org.ng 

October 05 QMLT Examinations sharon@nzimls.org.nz 

TBC Anatomical Pathology SIG, Hamilton TanyaF@adhb.govt.nz 
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The Pacific Way
March 2024

PACIFIC PATHOLOGY TRAINING CENTRE

Warm Pacific greetings to you all from the PPTC
A belated happy new year to you all from the PPTC. The PPTC 
welcomes everybody to 2024 and is thrilled to kick start the year 
with its programmes. 

UPDATE
Centre Based Course- Transfusion Medicine
The PPTC continues with its work towards advancing the 
development of diagnostic pathology knowledge and practice 
throughout the Pacific. Five students from the Pacific attended 
our last centre-based course for 2023. The course was held for 4 
weeks at our centre here in Wellington from the 6th of November 
to the 1st of December. The five students from the Pacific that 
successfully attended the course are:
1. Pisisami Kalamelu- Tuvalu, Princess Margaret Hospital

Laboratory
2. Vaohingano Sika- Tonga, Vaiola Hospital Laboratory
3. Shivangini Devi- Fiji Islands, Labasa Hospital Laboratory
4. Erekana Teingoa- Kiribati, Tungaru Central Hospital

Laboratory
5. Janine Kolidani- Solomon Islands, National Referral

Hospital Laboratory

The students underwent a comprehensive 4-week training 
programme in Transfusion Medicine, and all gained a certificate 
of achievement. The students also had the opportunity to 
experience laboratories around Wellington. The PPTC would 
like to thank the New Zealand Blood Service for their fantastic 
contribution to the course, as well as The Norman Kirk Memorial 
Trust and Red Cross for their continuous generosity in sponsoring 
students from the Pacific to attend our courses.

This year the PPTC aims to deliver 4 courses in the disciplines 
of, Quality Management, Biochemistry, Haematology and 
Transfusion Medicine

Figure 1. 2023 Transfusion Medicine course students with 
PPTC CEO and course convener Telesia Apikotoa

Figure 2. Students at the New Zealand Blood Service - 
Palmerston North

Figure 3. Students receiving their Certificates at the end of the course from PPTC co-founder- Dr. Ron Mackenzie
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End of the Year Audits
Towards the end of 2023, the PPTC audited eight countries in 
its laboratory accreditation alignment programme against the 
ISO 15189 Medical laboratories standard. The eight countries 
included: 
1. Fiji
2. Samoa
3. Tonga
4. Vanuatu
5. Solomon Islands
6. Kiribati
7. Cook Islands
8. Papua New Guinea

Whilst none of these laboratories in the Pacific are accredited, 
the laboratories maintain a great level of resilience to deliver 
quality services. Unlike New Zealand laboratories, laboratories 
in the Pacific face a number of factors that hinder their pathway 
to accreditation. Factors include, procurement, laboratory 
personnel, equipment breakdowns, reagent shortage, etc. This 

is why the PPTC maintains a strong relationship with Pacific labs 
and aids them in their journey towards accreditation. Although it 
is not an easy one, it is the ultimate goal. 

Support to the Pacific
The PPTC provides ongoing support to the Pacific the through 
the following ways:
• In country teaching and training
• Equipment support
• Online Zoom training

In-Country Teaching and Training
Last year the PPTC completed a total of 43 visits to Pacific 
Island laboratories. Through in-country support, the PPTC 
consultants are able to work together with staff on the bench to 
aid in improving processes, procedures and the overall quality of 
results coming out of these laboratories. The dedicated staff at 
the PPTC are passionate about the Pacific and aim to develop 
close relationships with the laboratories so they know that they 
are never alone in times of need.

Equipment Support
The PPTC provided essential laboratory equipment to Pacific 
labs in 2023. Laboratory equipment provided to these labs 
are procured by the PPTC and are delivered to the islands. 
Equipment purchased includes - Hematek staining machines for 
Samoa, Fiji and Vanuatu, a FX40 Blood Culture analyser and a 
chemical safety cabinet for the Cook Islands, a microscope for 
Fiji and a biosafety cabinet for Samoa. The PPTC also facilitated 
the shipment of donated Phlebotomy chairs to the Pacific. This 
year the PPTC anticipates providing further equipment support 
to Pacific labs.  

Online Zoom Training
Through online means of communication, the PPTC provides 
and organises support to the Pacific laboratories. This is via 
discipline-specific online lectures, technical support, consultation, 
and organising support with equipment manufacturers for any 
troubleshooting requirements. Laboratories continue to engage 
with the PPTC to maintain their service and the PPTC is always 
ready to offer support.
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Can you help?

If any New Zealand medical laboratories have items 
of diagnostic instrumentation that have been recently 
upgraded or continue to be stored in the laboratory but 
are actually surplus to requirements, the PPTC would be 
most grateful if such items could be donated through its 
Centre to Pacific Island laboratories where there is an 
exceptional need. Pacific laboratories have very restricted 
budgets and often cannot afford to replace troublesome 
instrumentation that continues to breakdown, and which 
is often discontinued because it is so outdated.

The PPTC would also welcome teaching resources in terms of 
wall charts, Haematology case studies (stained blood films), 
projector slides, textbooks and journals (within 10 yrs. of 
publication) etc., for teaching purposes in the Pacific, if you 
no longer have a use for them. Any contribution is so valuable 
to us.

Please contact:
Phil Wakem
Chief Executive Officer
Pacific Pathology Training Centre
Wellington, New Zealand
E-mail: pptc@pptc.org.nz or phil@pptc.org.nz

RECENT REVIEWS
The NZIMLS cannot provide direct access to the reviews below 
due to copyright restrictions, but open access reviews will be 
indicated. Abstracts are always available on-line and journals 
may be available via hospital libraries. If there is access to 
University libraries, then the journals should be available on-line.

Any comments on this addition to the Journal can be sent to: 
editor@nzimls.org.nz.

1. Reid M, Agbassi YJP, Arinaminpargy N et al. Scientific
advances and the end of tuberculosis: a report from the Lancet 
Commission on Tuberculosis. Lancet 2023; 402(10411):
1473-1489. /doi/10.1016/SO140-6736(23)01379-X.

2. Sacks DB, Arnold MA, Bakris GL et al. Guidelines and
recommendations for the laboratory analysis in the diagnosis
and management of diabetes mellitus. Clin Chem 2023; 69:
808-868.

3. Vynck M, Chen Y, Gleerup D et al. Digital PCR partition
classification. Clin Chem 2023; 69: 976-990.

4.

5.

Skinner MK. Epigenetic biomarkers for disease susceptibility
and preventative medicine. Cell Metab 2023; S1550-
4131(23)00447-3. doi/10.1016/j.cmet.2023.11.105.
Shepherd NA. Macroscopic pathology and all that: a
personal view. J Clin Pathol 2023; doi.org/10.1136/jcp-2023-
209106.

6. Najafi S, Asemani Y, Majidpoor J et al. Tumour educated
platelets. Clin Chim Acta 2023; doi.org/10.1016/j.
cca.2023.117690.

7. Wang Y, Duval AJ, Adli M, Matei D. Biology-driven therapy
advances in high-grade serous ovarian cancer. J Clin Invest
2024; 134(1):e174013. doi/10.1172/JCI17403. [OPEN
ACCESS]

8. Boddupally K, Thuraka ER. Artificial intelligence for prenatal
chromosome analysis 2023.Clin Chim Acta 2024; 552:
117669. doi.org/10.1016.j.cca.2023.117669.

Rob Siebers Journal Prize
The NZIMLS Council has approved an annual Journal prize 
to the value of NZ$1,500 for the best peer-reviewed 
article published by NZIMLS members in the Journal 
during the calendar year. The article can be a review 
article, original article, case study, research letter or 
technical communication. Excluded are Fellowship 
dissertations.  
  Many studies are presented at the Annual Scientific 
Meeting, SIG meetings, and the North and South Island 
Seminars, yet are rarely submitted to the Journal for wider 
dissemination to the profession. Consider submitting your 
presentation to the Journal. If accepted, you are in 
consideration for the Rob Siebers Journal Prize and will 
also earn you valuable CPD points.   

  Please contact the Editor or any Editorial Board Member for 
advice and help. Contact details are on the NZIMLS web site 
(www.nzimls.org.nz) as are instructions to authors.   
  All articles published during the calendar year (March, June 
and November issues) will be considered. The Editor, Deputy 
Editors and the President of the NZIMLS, who themselves are 
ineligible, will judge all eligible articles in December. Their 
decision will be final and no correspondence will be entered 
into.  

The winners of the Rob Siebers Journal prize for 2023 are 
Julie Creighton and Bethany Mills, for their article 
Comparison of the BD Max™ vaginal panel, against standard 
methods, for the detection of common vaginitis conditions. 
Published in NZ J Med Lab Sci 2023; 77(3): 124-127
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Citations to articles from the New Zealand Journal of Medical Laboratory 
Science by international biomedical journals in 2023

Since the New Zealand Journal of Medical Laboratory Science 
(Journal) became open access, citations to the Journal’s articles 
by other journal articles have increased. For the interest of 
the Journal’s authors this yearly column charts citations to the 
Journal’s articles by documenting which Journal’s articles have 
been cited in 2023 and by whom and in which journal. Thirty-
nine (39) of the Journal’s articles were cited in 2023 (Scopus™ 
database), four articles twice, and two article three times. Total 
number of citations to date to Journal articles are in parentheses.

Mozafari J, Fahimi MA, Mohammadi K, et al. The diagnostic 
accuracy of serum and urinary S100B protein in children and 
adolescents with mild traumatic brain injury. New Zealand 
Journal of Medical Laboratory Science 2019; 73(3): 88-91. [Total 
citations: 4].
Cited by: Liu Y, Wang C, Pi Z, et al. Research on the Potential 
Biomarkers of Mild Traumatic Brain Injury: a Systematic Review 
and Bibliometric Analysis. Molecular Neurobiology 2023; 60(8): 
4442–4449.
Cited by: Harris G, Stickland CA, Lim M, Goldberg Oppenheimer 
P. Raman Spectroscopy Spectral Fingerprints of Biomarkers of
Traumatic Brain Injury. Cell 2023; 12(22): 2589.
Cited by: Malhotra AK, Ide K, Salaheen, et al. Acute Fluid
Biomarkers for Diagnosis and Prognosis in Children with Mild
Traumatic Brain Injury: A Systematic Review. Molecular diagnosis 
and Therapy 2023; doi: 10.1007/s40291-023-00685-8.

Hassanejad-Bibalan M, Sadeghi M, Hemmati H, et al. A two-year 
study of microbiological characteristics of intravascular catheter-
related bloodstream infections at Razi hospital, Iran. New 
Zealand Journal of Medical Laboratory Science 2021; 75(3): 
202-205. [Total citations: 5].
Cited by: Asadi S, Nayeri-Fasaei B, Zahraei-Salehi T, et al. 
Antibacterial and anti-biofilm properties of carvacrol alone and 
in combination with cefixime against Escherichia coli. BMC 
Microbiology 2023; 23(1): 55.
Cited by: Ghasemi J, Shokri D, Ghasemi SM. Emergence of 
extensively drug-resistant and colistin-resistant Klebsiella 
pneumoniae isolated from hospitalized patients in Isfahan, Iran. 
Reviews and Research in Medical Microbiology 2023; 34(2): 
89–93.
Cited by: Chiari A, Ghasemi SM, Shokri D. Investigating the 
Antagonistic Effect of Indigenous Probiotics on Carbapenem-
Resistant Pseudomonas aeruginosa Strains. Biomed Research 
International 2023; 6645657.

Denholm A, Smith MP, Patterson DM. Accurate diagnosis of 
high-affinity vWF-platelet disorders: A case study of pseudo von 
Willebrand disease. New Zealand Journal of Medical Laboratory 
Science 2008; 62(1): 7-9. [Total citations: 3].
Cited by: Malinowski AK, Abdul-Kadir R. Planning Pregnancy 
and Birth in Women with Inherited Bleeding Disorders. Seminars 
in Thrombosis and Hemostasis 2023; 49(4): 371–381.
Cited by: Al Arashi W, Romano LGR, Leebeek FWG, et al. 
Desmopressin to prevent and treat bleeding in pregnant women 
with an inherited bleeding disorder: a systematic literature review. 
Journal of Thrombosis and Haemostasis 2024 22(1):126-139.

Omoregie R, Erebor JO, Ahonkhai I, et al. Observed changes 
in the prevalence of uropathogens in Benin City, Nigeria. New 
Zealand Journal of Medical Laboratory Science 2008; 62(2): 29-
31. [Total citations: 32].
Cited by: Akinduti PA, George OW, Ohore HU, et al. Evaluation 
of Efflux-Mediated Resistance and Biofilm formation in Virulent 
Pseudomonas aeruginosa Associated with Healthcare Infections. 
Antibiotics 2023; 12(3): 626.
Cited by: Safdar S, Shamim S, Khan M, et al. Probing 

Antibacterial and Anticancer Potential of Selenicereus undatus, 
Pistacia vera L. and Olea europaea L. against Uropathogens, 
MCF-7 and A2780 Cancer Cells. Molecules 2023; 28(24): 8148.
Cited by: Lawrence GA, Frater TG. Change management in 
healthcare: Managing paradigmatic change in the Australian 
national cervical screening programme. New Zealand Journal of 
Medical Laboratory Science 2017; 71(2): 31-39. [Total citations: 
2].
Cited by: Bavor C, Brotherton JM, Smith MA, et al. The early 
impacts of primary HPV cervical screening implementation 
in Australia on the pathology sector: a qualitative study. BMC 
Health Services Research 2023; 23(1), 1073.
Cited by: Samanta AK, Varaprasad G, Gurumurthy A, Antony 
J. Implementing Lean Six Sigma in a multispecialty hospital
through a change management approach. TQM Journal 2023;
https://doi.org/10.1108/TQM-02-2023-0043.
Cited by: Mok D. ISO 15189:2012 implementation checklists for
conformity assessment by accreditation bodies: A comparative
analysis. New Zealand Journal of Medical Laboratory Science
2017; 71(3): 84-99. [Total citations: 7].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Internal Auditing 
Risk Analysis for Medical Laboratories Seeking Accreditation 
through the Hong Kong Laboratory Accreditation Scheme 
(HOKLAS). Acta Medica Philippina 2023;  
https://actamedicaphilippina.upm.edu.ph/index.php/acta/article/
view/6196.
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Conformity 
Evaluation of Afinion 2 Analyzer Maintainability: Compliance 
Practicality for Philippine National Standard PNS ISO 15189:2013 
Accreditation. Acta Medica Phillippina 2023; 57(11): 72-91.

Ndem BN, Akwiwu EC, Akpan PA, et al. Timely accessing 
of antenatal care and prevalence of vitamin b12 and folate 
deficiencies among pregnant women in a Nigerian population. 
New Zealand Journal of Medical Laboratory Science 2021; 
75(1): 12-15. [Total citations: 2].
Cited by: Akpan PA, Akwiwu EC, Njar VE, Odibu BE. Leucocyte 
Counts and Derivatives as Inflammatory Indicators in Active 
Tuberculosis. Tropical Journal of Natural Product Research 
2023; 7(5): 3038–3041.

Podmore R, Schousboe M. Evaluation of a new Legionella 
longbeachae urine antigen test in patients diagnosed with 
pneumonia. New Zealand Journal of Medical Laboratory Science 
2020; 74(3): 220-221. [Total citations: 1].
Cited by: Graham FF, Harte D, Zhang J, et al. Increased 
Incidence of Legionellosis after Improved Diagnostic Methods, 
New Zealand, 2000–2020. Emerging Infectious Diseases 
2023; 29(6): 1173–1182.

Adriaansen M, Williams S, van den Boom J. Evaluation of two 
transcutaneous bilirubin devices for the assessment of neonatal 
jaundice in a diverse New Zealand population. New Zealand 
Journal of Medical Laboratory Science 2020; 74(1): 11-16. [Total 
citations: 1].
Cited by: Okwundu CI, Olowoyeye A, Uthman OA, et al. 
Transcutaneous bilirubinometry versus total serum bilirubin 
measurement for newborns. Cochrane Database of Systematic 
Reviews 2023; 2023(5): CD012660.

Adriaansen MJ, Perry HE. Validation of column 
agglutination technology for blood group alloantibody 
titration. New Zealand Journal of Medical Laboratory 
Science 2013; 67(3): 92-96. [Total citations: 4]. 
Cited by: Loschmann TM, Garrett NKG, Perry HE. Comparison 
of tube and column agglutination technique for the quantification 
of blood group antibody anti-D by titration. New Zealand Journal 
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of Medical Laboratory Science 2023; 77(1): 24-27.
Adriaansen MJ, Perry WNC, Perry HE, Steel RC. Binary male-
female laboratory reference ranges do not reflect reality for 
transgender individuals on sex-hormone therapy. New Zealand 
Journal of Medical Laboratory Science 2017; 71(3): 101-105. 
[Total citations: 4].
Cited by: Appleton NS. Hormonal contraception: From 
demographic histories to pleasurable futures? 
[Book Chapter]. A Companion to the Anthropology of 
Reproductive Medicine and Technology 2023; pp. 332-348. 

Hajinabi Y, Khamene EA, Forouzesh F, et al. The genes 
expression of NF-kB inflammation pathway in treated celiac 
disease patients. New Zealand Journal of Medical Laboratory 
Science 2022; 76(2): 55-59. [Total citations: 2].
Cited by: Abdelrahman AH, Ibrahim AA, Eid CM, et al. A pilot 
study on promoter methylation of MTHFR, MALT1 and MAP3K7 
genes in pediatric celiac disease. Human Gene 2023; 36: 
201180.

Olaogun JG, Akanbi GO, Atiba AS, et al. The predictive value of 
preoperative serum bilirubin and white blood cell count in simple 
and complicated acute appendicitis. New Zealand Journal 
of Medical Laboratory Science 2020; 74(3): 185-188. [Total 
citations: 1].
Cited by: Sikander B, Rosenberg J, Fonnes S. Individual 
biomarkers in the blood are not yet applicable in diagnosing 
complicated appendicitis: A scoping review. American Journal of 
Emergency Medicine 2023; 67: 100–107.

Hassanejad-Bibalan M, Sadeghi M, Hemmati H, et al. A two-year 
study of microbiological characteristics of intravascular catheter-
related bloodstream infections at Razi hospital, Iran. New 
Zealand Journal of Medical Laboratory Science 2021; 75(3): 
202-205. [Total citations: 5].
Cited by: Ghasemi J, Shokri D, Ghasemi SM. Emergence of
extensively drug-resistant and colistin-resistant Klebsiella
pneumoniae isolated from hospitalized patients in Isfahan, Iran.
Reviews and Research in Medical Microbiology 2023; 34(2):
89–93.

Leaver CC. CC. Method evaluation for methylmalonic acid: Use 
for assessing vitamin B12 deficiency. New Zealand Journal of 
Medical Laboratory Science 2004; 58(2): 27-39. [Total citations: 
3].
Cited by: Nemati R, McEntyre C, Yeo J, et al. Water soluble 
vitamins: Mechanism and metabolism. A narrative review. New 
Zealand Journal of Medical Laboratory Science 2023; 77(1): 11-
18.

Nemati R, McEntyre CJ, Li BV, et al. Fat-soluble vitamins: 
Mechanisms and metabolism. A narrative review. New Zealand 
Journal of Medical Laboratory Science 2022; 76(1): 3-8. [Total 
citations: 1].
Cited by: Nemati R, McEntyre C, Yeo J, et al. Water soluble 
vitamins: Mechanism and metabolism. A narrative review. New 
Zealand Journal of Medical Laboratory Science 2023; 77(1): 11-
18.

Siebers R. Gender trends in authorship of articles in the New 
Zealand journal of medical laboratory science: 1995-2019. New 
Zealand Journal of Medical Laboratory Science 2020; 74(2): 
126-128. [Total citations: 1].
Cited by: Siebers R. Are articles authored by women under-cited 
compared to articles authored by men? New Zealand Journal of 
Medical Laboratory Science 2023; 77(1): 38.

Osazuwa F, Okoije R, Akinbo FO, et al. Genetic diversity of 
norovirus among children under 5 years in the South-South 
region of Nigeria. New Zealand Journal of Medical Laboratory 

Science 2020; 74(1): 39-43. [Total citations: 3].
Cited by: Arowolo KO, Ayolabi CI, Ohore HU, et al. Genetic 
Diversity of Norovirus in Children with Acute Gastroenteritis in 
Southwest Nigeria, 2015–2017. Viruses 2023; 15(3): 644.

Lowrey I. Review of Point of Care Testing (POCT) and the 
evaluation of whole blood for potassium and glucose on the 
Roche Reflotron®. New Zealand Journal of Medical Laboratory 
Science 2005; 59(2): 22-32. [Total citations: 3].
Cited by: Calvo-López A, Arasa-Puig E, Alonso-ChamarroJ, 
Puyol M. Serum/plasma potassium monitoring using 
potentiometric point-of-care microanalyzers with improved ion 
selective electrodes. Talanta 2023; 253: 124100.

Udo N, Bassey LE, Akpan UO, et al. Differences in micronutrient 
levels between urban and rural children in Cross River State, 
Nigeria. New Zealand Journal of Medical Laboratory Science 
2020; 74(2): 129-134. [Total citations:1].
Cited by; Wrottesley SV, Mates E, Brennan E, et al. Nutritional 
status of school-age children and adolescents in low- and middle-
income countries across seven global regions: a synthesis of 
scoping reviews. Public Health Nutrition 2023; 26(1): 63–95.

Taylor T. The Pae Ora Healthy Futures Bill and health reforms. 
New Zealand Journal of Medical Laboratory Science 2022; 
76(2): 96. [Total citations: 1].
Cited by: Shaw S, Atkins D, Hoskyn K, et al. Enabling action: 
Re-envisaging education of health professionals in Aotearoa 
New Zealand. Policy Futures in Education 2023.

Siebers R. Accuracy of references in the New Zealand Journal of 
Medical Laboratory Sciences. New Zealand Journal of Medical 
Laboratory Science 1999; 53(2): 46-48. [Total citations: 12].
Cited by: Logan SW, Hussong- Christian U, Case L, Noregaard 
S. Reference accuracy of primary studies published in peer-
reviewed scholarly journals: A scoping review. Journal of
Librarianship and Information Science 2023; https://doi.
org/10.1177/09610006231177715.

Mok D, Nabulsi R, Chowdhury S. Identification of ISO 22870:2016 
conformance requirements for medical laboratory internal 
auditing. New Zealand Journal of Medical Laboratory Science 
2017; 71(2): 41-54. [Total citations: 4].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Internal Auditing 
Risk Analysis for Medical Laboratories Seeking Accreditation 
through the Hong Kong Laboratory Accreditation Scheme 
(HOKLAS). Acta Medica Philippina 2023; 
https://actamedicaphilippina.upm.edu.ph/index.php/acta/article/
view/6196.

Mok D, Chowdhury S. The strategic management stage of ISO 
15189:2012 management system standard: An implementation 
update. New Zealand Journal of Medical Laboratory Science 
2019; 73(3): 103-107. [Total citations:5].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Conformity 
Evaluation of Afinion 2 Analyzer Maintainability: Compliance 
Practicality for Philippine National Standard PNS ISO 15189:2013 
Accreditation. Acta Medica Phillippina 2023; 57(11): 72-91.

Mok D, Ang E. ISO 15189:2012 implementation: An update of 
related international standards and guidance documents for 
medical laboratory quality management. New Zealand Journal of 
Medical Laboratory Science 2016; 70(2): 42-66. [Total citations: 
12].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Conformity 
Evaluation of Afinion 2 Analyzer Maintainability: Compliance 
Practicality for Philippine National Standard PNS ISO 15189:2013 
Accreditation. Acta Medica Phillippina 2023; 57(11): 72-91.

Mok, Chowdhury S. Identification of ISO 22870:2016 conformance 
New Zealand Journal of Medical Laboratory Science 2024 

48



requirements for medical laboratory internal auditing. New 
Zealand Journal of Medical Laboratory Science 2017; 71(20; 41-
54. [Total citations: 4].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Conformity
Evaluation of Afinion 2 Analyzer Maintainability: Compliance
Practicality for Philippine National Standard PNS ISO 15189:2013 
Accreditation. Acta Medica Phillippina 2023; 57(11): 72-91.

Mok D, Chowdhury S. The process control, design and planning 
stage of ISO 15189:2012 management system standard: 
An implementation update. New Zealand Journal of Medical 
Laboratory Science 2020; 74(2): 103-105. [Total citations: 3].
Cited by: Dayrit GB, Mok D, Nabulsi R, et al. Conformity 
Evaluation of Afinion 2 Analyzer Maintainability: Compliance 
Practicality for Philippine National Standard PNS ISO 15189:2013 
Accreditation. Acta Medica Phillippina 2023; 57(11): 72-91.
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standard: An implementation update. New Zealand Journal of 
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AACB/NZIMLS Combined Biochemistry Special Interest Group Meeting
28 October 2023, Hutton Lecture Theatre, Otago Museum, Dunedin

This year, we were proud to have combined once again NZIMLS 
Biochemistry Special Interest Group Meeting with the AACB 
Roman Lecture. This opportunity enabled us to bring together 
experts and key industrial figures from across the field to delve 
into the latest advancements and research being undertaken 
within the speciality of Clinical Biochemistry. The event was full 
of informative presentations which invoked some interesting 
questions and discussions. The highlight of the meeting 
was the Roman Lecture presented by international speaker 
Professor Sverre Sandberg, director of the Norwegian Quality 
Improvement Laboratory Examinations (Noklus), who shed light 
on the significant role medical laboratories play in enhancing 
medical decisions and ultimately improving patient outcomes. 
Interestingly, this became a bit of a theme for the rest of the 
meeting.

AACB Roman Lecture, Professor Sverre Sandberg:  Aspects 
of how Laboratorians can Contribute to Better Medical Decisions 
and Improve Patient Outcomes
Drawing on extensive experience, and from an international 
perspective Professor Sandberg addressed the pivotal role of 
medical laboratories in the healthcare system. He specifically 
discussed quality aspects of Biochemistry, including internal 
quality control assessments and external quality assurance 
schemes. The final part of the presentation concentrated on 
point of care (POC) equipment and the importance of laboratory 
involvement. This included emphasis on how critical the 
laboratory input is in the decisions of which POC equipment to 
use and the tests to be offered, and most importantly how the 
continued laboratory oversight of the equipment improves the 
quality of point of care testing. 

Dr Andrew Reynolds (Otago University): Wholegrains for 
Health
This thought-provoking presentation explored the impact of a 
wholegrain diet on patients'  post-myocardial infarction (MI). Dr 
Reynolds’ research provided compelling evidence supporting the 
notion that dietary interventions, specifically the incorporation 
of wholegrains, can significantly benefit cardiovascular health 
in the aftermath of an MI. The question was asked whether 
providing free healthy groceries to cardiac patients in recovery 
less expensive for the health system than the cost of re-
hospitalisation after a second event. The presentation prompted 
thorough discussions on the practical implications of dietary 
recommendations in post-MI care.

Cat Roynayne (Otago University): Through the Lipid Glass – is 
everything as it seems?
Cardiovascular risk assessment (CVRA) took centre stage in 
another engaging session exploring the significance of lipid 
blood tests and their ability to predict cardiovascular events. 
Historic patient data from the Otago region was shared showing 
interesting trends in lipid markers over the last 30 years. The 
implications of these trends were examined, and explanations 
of the reasons for these trends were explored. Attendees gained 
valuable insights into the evolving landscape of cardiovascular 
risk assessment and how laboratory data can be used to increase 
our understanding of the relationship between lipid profiles and 
the overall assessment of cardiovascular risk.

Dr Colin Simon Shelly (Otago University): Novel Breast 
Cancer Markers
One of the key sessions of the meeting focused on the latest 
developments in breast cancer research. Dr Shelly is founder 
of Leukaemia Therapeutics LCC, in Boston, Massachusetts and 
he was in New Zealand to collaborate with Otago University 
researching a novel breast cancer marker using CD43. The 
presentation centred on cutting-edge molecular research that 

identified CD43 as a novel biomarker for predicting the progression 
of breast cancer, paving the way for more personalized and 
effective therapeutic interventions. The audience expressed 
keen interest in the potential impact of these advancements on 
the clinical management of breast cancer patients.

Professor Peter McIntyre (Otago University): Immunogenicity 
of MMR Vaccines
Professor McIntyre is leading a study in the immunogenicity of 
the MMR (measles, mumps, rubella) vaccine and the potential 
effects of different modes of administration of these vaccines. 
The presentation described recent research findings related to 
vaccine responses, shedding light on the intricacies of immune 
reactions to these vaccines. Along with his Assistant Research 
Fellow, Melanie Millier they explained the study in detail, which 
involved administrating vaccines via different modes to university 
students who had shown low antibody levels when tested as 
part of their Health Sciences screening blood tests. Discussions 
created from this presentation revolved around the importance 
of promoting vaccinations and how the different modes of 
administration may improve immunogenicity whilst also helping 
to address vaccine hesitancy.

Christian (Awanui Labs): HbA1c Test Methods
The meeting also addressed the technical aspects of diagnostic 
testing, with a dedicated session on HbA1c test methods. 
Christian summarised the theory and the nuances of different 
testing techniques and their impact on the accuracy of glycaemic 
monitoring in patients with diabetes. This session facilitated a 
deeper understanding of the strengths and limitations of various 
HbA1c testing methodologies and why they are suitable in each 
different clinical setting. 

Sian Horan (Awanui Labs): Renal Calculi Analysis by FTIR 
Spectroscopy
The meeting concluded with a comprehensive examination 
of renal calculi, commonly referred to as kidney stones. The 
presentation explained in detail the principle of Fourier Transform 
Infrared Spectroscopy and how this technique is used to identify 
organic compounds within kidney stones.

In summary, the Biochemistry Special Interest Group meeting 
proved to be a dynamic and intellectually stimulating event, 
bringing together experts and enthusiasts to explore the 
multifaceted speciality of Clinical Biochemistry. The international 
speaker's presentation on the role of medical laboratories 
in improving patient outcomes set the tone for an insightful 
gathering. The diverse range of topics covered, from breast 
cancer research to cardiovascular health and renal calculi, 
reflected the breadth and depth of ongoing advancements 
in biochemistry. The meeting provided a platform for fruitful 
discussions and knowledge exchange, fostering a collaborative 
spirit among professionals committed to advancing the field for 
the betterment of patient care.
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Anatomical Pathology Special Interest Group Meeting
21 October 2023, Nelson

The APSIG this year was held in sunny Nelson at the 
Rutherford Hotel where we had an amazing turn out with 
some really interesting talks. We were lucky enough to 
have a range of technical staff speak as well as pathologists 
and doctors. Ranging from immunohistochemistry to case 
studies and cultural considerations. Everyone was kept on their 
toes or their bottoms with some movement during the day as 
well as when the final quiz took place, testing the knowledge 
that we learnt over the course of the day. There might have 
been a slight incentive to win, a cheeky chocolate bar. Old 
friendships were renewed,  and new friends were made over 
muffins, pastries, tea, coffee and a delicious lunch. It was a 
great opportunity for us to all meet and discuss ideas, 
opportunities and put faces to names that we see so frequently 
over the phone and email. 
  Kirsty Sewell presented to us an amazing talk about entering 
the world of theatre and how we could build relations with 
nurses and doctors. Her case study presentation was 
mesmerizing with some incredible images. Kirsty was awarded 
best presentation of the day for keeping us all on the edge of

our seats and the drive to cross those theatre doors and build 
some relationships.

Michelle Cheale and Xin Xin were awarded the runner up 
presentation and unfortunately had to leave to catch a plane 
before prize giving. They presented to us a prostate biopsy trial. 
We were so curious to see how they progressed through 
the journey from patient to pathologist with the chip. Thank you 
for sharing this with us and good luck for future trials.

Congratulations to Kirsty, Michelle and Xin Xin and to all 
our other speakers on the day. Thank you to everyone who 
took time out of their day to present and to everyone who came 
to the SIG. It was truly a fantastic day with everyone getting 
involved and this would not have been possible without the 
NZIMLS and my team here in Nelson. Looking forward to 
seeing everyone again next year for another enlightening day!

Report by: Paige Chase, Head of Department Histology, 
Awanui Laboratories, Nelson

Preanalytical Special Interest Group Meeting
11 November 2023, Auckland

Pre- Analytical Services Special Interest Group (PASSIG) had 
a successful and productive year 2023. The four meetings 
held throughout the year with 12 to 15 members from different 
labs attending each time provided a platform for discussing 
various issues related to Pre-analytical services in New Zealand 
Laboratories. Congratulations to Ailsa Bunker (Manager, 
Specimen Services, Middlemore Hospital Laboratory) PASSIG 
member for being the convenor of South Pacific Congress 
2023 and receiving the Life Membership of NZIMLS. The Pre-
Analytical session at SPC had great presentations adding to the 
group's achievements.

The seminar at Waipuna Conference Centre in Auckland 
also had an impressive turnout with 246 registrations. The 13 
presentations from different disciplines showcased the diversity 
of topics discussed.

Special congratulations to Eunice De Castro from Te Whatu 
Ora, Waikato, for winning the best presentation award, and to 
Jordon Haig from Awanui Labs (Labtests, Auckland) for winning 
the second-best presentation award. It's always rewarding to see 
members recognized  for their contributions.

As Annette Bissett, the previous convenor of PASSIG and 
Phlebotomy coordinator from North Shore Hospital, retiring 
this year after more than 30 years of dedicated service to Pre 
Analytical Services, the group extends their best wishes for a 
good and healthy retired life to her. Also, congratulations to all 
PASSIG members who sat and passed their exams this year.

Lastly, a big thank you goes out to all members of NZIMLS for 
their kind and continued support throughout the year. Here's to 
another successful year ahead!

Reported by: Ajesh Joseph (Convenor), NZIMLS Secretary/
Treasurer
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Molecular Diagnostics Special Interest Group Meeting
20 October 2023, Auckland

The Molecular Diagnostics (MolD) SIG held in Auckland at the 
Auckland Domain Lodge was a very successful event! Success 
being measured by the fact that almost all the delegates who 
registered were in attendance, the presentations were all 
excellent, and the food and coffee was plentiful! This was the first 
in-person MolD SIG to be held since Covid, which is a success to 
be celebrated in itself.

The day started with a presentation by Dr Max Bloomfield 
(Awanui Labs, Wellington) via Zoom. Despite some hesitation 
that it would work, the talk via Zoom was a very positive 
experience and a wonderful option if being in person is not a 
possibility. Dr Bloomfield spoke on using real-time low-cost 
genomic surveillance to identify and control hospital outbreaks 
(recently published Bloomfield et al, Pathology 2023). Next up 
was Dr Gary McAuliffe (LabPLUS, Auckland) whose presentation 
entitled, “Molecular automation – time to think like a robot”, made 
us all think about reducing TAT for infectious disease diagnostics. 
Jason Copedo (Grafton Clinical Genomics, Auckland) rounded 
up the first lot of talks with his very thorough overview of NGS 
and precision medicine.

After morning tea, we had the benefit of hearing from Dr Sandra 
Fitzgerald (University of Auckland), who presented her PhD 
work on the translational of liquid biopsies from research to 
the clinic. Dr Fitzgerald won the Best Presentation Prize, which 
was a unanimous decision by our wonderful judges. Thereafter, 
we heard from Dr Mareike Erdmann (LabPLUS), Tom Manning 
(Labtests) and Dr Clinton Turner (Auckland Hospital). The scope 

of topics varied from WGS of Mycobacterium tuberculosis, 
to non-invasive prenatal screening and the evolution of brain 
tumour diagnosis (respectively).

Lunch was delicious affair with a wide variety of options from our 
caterers; Mahuhu. After lunch, we “navigated our way through 
genomes, one case at a time” (Polona Le Quesne Stabej/
Jasmine Chew - University of Auckland/LabPLUS), learned all 
about Lynch Syndrome, specifically an MSH6 case (Sabine Grey 
- Canterbury Health Laboratories), and heard about an extraction 
free qPCR for Group A strep in throat swabs (Dr Rebecca Lucas-
Roxburgh – Medlab Central). Sabine Grey won our Runner Up
Best Presentation Prize for a very well-presented talk.

The final stretch of the day included a case study presented 
by Yeshmira Moodley (IGENZ) entitled “What the TERT? A 
telomerase reverse transcriptase case study”. Luke Williamson 
(LabPLUS) ended off with his talk on the validation of a targeted 
NGS pipeline for gene panel diagnostic testing.

As with all SIG days, a lot of time and effort was put in by a 
team of people. I would like to especially thank my colleagues 
at IGENZ as well as Roberto Mazzaschi from LabPLUS for their 
invaluable input and assistance. I would also like to thank the 
presenters who put up their hands to give a talk, without which, 
a SIG would not happen.

Report by: Bronwyn Neumann (Convenor), Team Leader, 
Molecular Testing, IGENZ DNA Diagnostics, Auckland.

Microbiology Special Interest Group Meeting
4 November 2023, Palmerston North Conference & Event Centre

The MSIG was held at the Palmerston North Conference and 
Event Centre on 4th November 2023. We had approximately 75 
attendees and 10 extremely good talks were presented.

Heather Davies from ESR (Environmental Science and 
Research) kicked off the event with the title of IRIS  hibernated to 
bloom another day”. This covered respiratory disease statistics 
affected by the Covid outbreaks in New Zealand.

ESR provided two other speakers throughout the day, Jenny 
Szeto with “Colistin Resistant” a recount of an observed 
phenomenon of well skipping in microtiter plate dilutions. And 
Audrey Tiong gave Fiona Lee’s presentation Clinical Listeriosis-
an informative talk on sporadic vs outbreaks of Listeriosis in New 
Zealand, as unfortunately Fiona was unable to attend.

Lan En, a scientist from Medlab Central Palmerston North 
was unable to attend due to illness but the SIG was lucky 
enough to have Lan record the talk over the slide presentation. 
“Microbiology meets machines” was a “hot” topic regarding AI 
(Artificial Intelligence) and its role in the microbiology laboratory.

Awanui Labs Dunedin were then represented by Jenna 
Paterson’s talk “Vaginal gram stains. Out with the old and in with 
the new?” Jenna has recently graduated from Otago University 
and gave a remarkably interesting and thorough talk about 
recent technologies to supersede gram staining vaginal swabs. 
Jenna was a first-time speaker who commanded her audience 
with her research knowledge and was well equipped to answer 
questions on the topic.

After a delicious morning tea our guest speaker of the day “Dr 
Cynric Temple-Camp" a pathologist from Medlab Central gave 
a scintillating talk on “The perfect murder.” This was very well 
received by an attentive audience, and everyone now has a good 
understanding of what is needed to achieve a murder and not be 
arrested for it. The Waikato VRE outbreak was the next topic 
presented by Sean Munroe. A comprehensive talk on discovering 
an outbreak and then the measures needed to control it.

Lunch was a sumptuous affair and then Jan Deroles-Main 
reported on the Salmonella typhi outbreak in the Gisborne 
region.” Foggy Fever” was well received and even more so when 
transmission was human to human not from a food source!
Sabiha Kaur, a technician from Medlab Central, took out the 
Best Presentation Prize with her talk “The Mysterious case of 
our night shift discovery” An extremely thorough case study of 
Mycobacterium marinum. Sahiba was a first-time presenter so a 
big congratulations for taking out the top pr ize.Rebecca Lucas-
Roxburgh HOD of Molecular Medlab Central won runner up with 
her comprehensive account of “Development of an Extraction 
free qPCR for the detection of Group A Streptococcus in throat 
swabs.” A topic of interest especially since costs were covered 
as well. 

The attendees were all happy to be able to have face-to-face 
meetings again and the venue facilities and delicious food were 
well received as well as all the informative talks for the day.

Thank you to all the presenters and Sean Guilfoyle, who stepped 
in as IT helper at the last minute due to Lan being unwell.

Reported by: Tina Lusher, Technical Director, Microbiology 
Department, Medlab Central, Palmerston North
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SCIENCE DIGEST
Contributed by Michael Legge

The final step in Bilirubin metabolism
Although bilirubin metabolism is understood, the final step to the 
conversion to urobilinogen has remained essentially unknown. 
Bilirubin is an intermediate of the haem degradation pathway 
and has long been considered to be a well understood series of 
metabolic steps, however the final step for the conversion from 
bilirubin to the yellow urobilinogen has remained an unknown 
metabolic step for over 125 years. Bilirubin glucuronide is 
excreted into the gut where it is either reabsorbed or excreted. 
By excreting bilirubin (and its conjugates) as urobilinogen or 
stercobilinogen the cycle of bilirubin metabolism is completed. In 
a recent publication (1) a collaborative research investigation in 
the USA has finally identified the mechanism for the conversion 
into urobilinogen. Using a combination of biochemical analysis 
and comparative genomics the authors mapped out the 
relationship between gut micro bacteria and the conversion of 
bilirubin to urobilinogen. The authors identified that anaerobic 
bacteria such as the Firmicutes species all contained an enzyme, 
bilirubin reductase which can reduce bilirubin and its conjugates 
to urobilinogen. Additional support for this work by the authors 
comes from their analysis of newborn bilirubin metabolism 
which increases urobilinogen production as their gut matures 
and from patient with inflammatory bowel disease who also 
have a decreased Firmicutes species gut flora and a diminished 
synthesis of urobilinogen.

How significant is Barbie®?
The advent of the Barbie® film created a wide-ranging discussion 
on the role of Barbie® dolls and their influence on girls and young 
women. In a recent publication from the USA (2), the author 
has analysed the role of medical and scientific career dolls on 
influencing career decisions and their accuracy in representing 
the relevant health related professions. A total of 97 Barbie® 
dolls across six health professional groups were compared 
with 65 non-Barbie® dolls across the same health professional 
groups (medicine, scientist, science educator, nurse, dentist, 
and paramedic). Overall, the Barbie® brand largely treated 
children (66%) with only 4% as working with adults. Of the 12 
dolls representing scientists none met the criteria for personal 
protective clothing. The comparison dolls also had similar 
shortcomings. The author emphasizes the dangers of having 
loose hair in laboratory settings which all dolls seemed to have. 
While women are continuing to gain stronger footholds in health 
care, particularly medicine, dentistry and nursing as well as 
significant academic achievements the author considers that a 
more accurate representation of the health-related professions. 
In addition, the author recommended a more ethnically diverse 
range of dolls in the health professions.

Effects of mergers and acquisitions in Pathology
A publication from the USA surveyed 732 pathology laboratories 
subject to mergers and acquisitions (3). In addition, the authors 
surveyed 819 pathology laboratories that were not subject to 
mergers and acquisitions. Both surveys considered qualifications, 
geographic location, age, and gender. Although this publication 
was based in the USA, there is relevance to pathology in New 
Zealand, in the present climate. Evidence suggests that despite 
the perceived corporate benefits there are a range of issues 
relating to this type of restructuring. The overall result indicated 
a higher statistically significant levels of personnel burnout 
amongst staff who were subject to mergers and acquisitions and 
considered that the lack of leadership contributed to the high 
levels of staff burnout. They also identified an overall lack of social 
relationships in those undergoing mergers and acquisitions. 
The authors concluded that the major contributors to burnout 
compared to the non-merger and acquisition laboratories was 
the lack of social interactions and communications as well as a 
satisfactory policy by the administration to reduce staff burnout.

Diagnostic testing leading to harm
Diagnostic errors can be associated with laboratory testing, 
however there is a lack of a suitable and relevant measure for 
evaluation. Where traditionally laboratory testing was only used 
to test for organ and system dysfunction, now laboratory testing 
is used for a wide range of diagnostic applications such as; 
cancer diagnosis and monitoring, molecular analysis, monitoring 
a patient’s response to treatment etc. This increases the medical 
practitioner’s dependence on diagnostic laboratory testing and 
may in some cases reduce the examination skills. In addition, 40 
risk factors have been identified for diagnostic errors associated 
with send out diagnostic testing. In the current publication (4), 
the authors identified three major areas contributing to diagnostic 
testing leading to patient harm. A requirement to have processes 
to identify patient harm (e.g. ordering an inappropriate test, not 
ordering the appropriate test and the appropriate test result is 
misapplied). Second, the appropriate test is ordered but a delay 
occurs in the testing/reporting process, and third the result of the 
appropriate test is inaccurate. The authors conclude that there 
needs to be stronger links between pathology laboratories and 
clinicians, and the importance of communication between both 
parties to reduce diagnostic errors. They also considered that a 
system should be in place to track to track any diagnostic errors.

How chondrocytes survive hypoxia
It is accepted that the availability of oxygen to cells in the body is 
essential for survival. This is achieved by a sophisticated vascular 
system and haemoglobin in the red blood cells. The cartlidge 
system is however avascular and has been believed to rely on 
diffusion of oxygen to the avascular tissues and on glycolysis to 
provide the necessary energy requirements. This is controlled 
by hypoxia inducing factor which if inhibited results in cell death 
in chondrocytes and immediate tissues. A recent publication 
from China (5) has provided new and novel evidence relating 
to chondrocyte oxygen metabolism. The authors identified that 
haemoglobin is synthesized by chondrocytes under the influence 
of several transcription factors. The haemoglobin is synthesized 
as membrane less condensates which form cytoplasmic bodies 
capable of supplying oxygen to the avascular tissues that have 
a left shift compared to red cell haemoglobin thereby allowing 
binding and storing oxygen in low oxygen environments. When 
synthesis of the haemoglobin condensates was blocked in culture, 
the chondrocytes died. The authors conclude that this discovery 
may have implications for diseases such as rheumatoid arthritis 
and that other non-red cell sites of haemoglobin synthesis are 
likely.
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Journal Questionnaire

NOVEMBER 2023 QUESTIONNAIRE 
ANSWERS
1. How is Shiga toxin-producing Escherichia coli (STEC)

O157:H7 transmitted?
Transmitted via the faecal-oral route by ingestion of
contaminated food and water as well as from person to
person.

2. Why is E.coli O157:H7 a considerable health concern? And
what are the characteristics of infection?
Because of the severity of infection, it causes. This is due
to characteristics such as low infective dose, ability to
express different virulence factors, long survival time in the
environment, unusual acid tolerance, difficulty in treatment,
and an apparent special but inexplicable association with
ruminants that are used as food sources.

3. What was the percent prevalence of E.coli O157:H7 in this
study and in what age group?
Prevalence of E.coli O157:H7 in this study was 4.67% and
prevalence of E. coli was significant within the age group
11-20 years.

4. What is Familial Mediterranean Fever (FMF)? How is it
characterised? And what genetic trait causes the disorder?
Familial Mediterranean Fever (FMF) is a chronic systemic
autoinflammatory disorder, characterized by recurrent
attacks of fever, headache, and inflammation of serous
membranes.
It is an inherited autosomal recessive trait associated with a
missense mutation in the MEFV gene located on the short
arm of chromosome 16. The mutation leads to a loss of
pyrin function and results in uncontrolled inflammation.

5. What role does Chemerin play in the early stages of
inflammation?
In the early stages of inflammation, Chemerin acts as a pro-
inflammatory molecule, attracting and activating immune
cells to the site of inflammation. This helps to fight off 
infection and heal tissue damage.

6. Chemerin levels in FMF patients in this study were
significantly elevated compared to controls. How would this
support therapeutic treatment for FMF patients?
Chemerin that acts as a pro-inflammatory adipokine
could be considered as a biomarker reflecting the chronic
proinflammatory status in the FMF patients and may
facilitate the development of Chemerin as a new therapeutic
modality in the treatment of FMF.

7. What is Insulin Resistance (IR)? and in what diseases does
it play a significant role?
Insulin resistance is a condition of glucose homeostasis
characterized by a diminished sensitivity of the liver, adipose
tissue, muscles and other body tissues to the hormone
insulin. It has a significant role in the onset and progression
of cardiovascular disease and diabetes mellitus.

8. What is the gold standard technique for measuring Insulin
Resistance? What prevents the use of this technique and
what substitute is frequently used?
The hyper insulinemic euglycemic clamp is the gold
standard technique for measuring IR however it is complex
and has a high cost, preventing its daily use in clinical
practice. The homeostasis model assessment for insulin
resistance (HOMA-IR) index is frequently used to gauge
insulin resistance in adults.

9. In the diagnosis of vaginitis, what laboratory analysis of
vaginal swab is performed? What are the problems with this
standard method?
Gram stain testing and culture. Gram stain interpretation
can be subjective, even with an experienced operator.
The correct distinction of bacterial morphocyctes? Not
correct word is difficult by microscopy, gel lubricant residue
can result in poor staining, insufficient material and time
consuming.

10. The laboratory needs to alert the clinician to the possibility
of Bacterial Vaginosis (BV) due to the association of what
serious outcomes? What is only revealed by molecular
diagnosis and how can this strengthen the potential for
improved diagnosis?
BV association of with serious outcomes such as preterm
birth, spontaneous abortion, or acquisition of sexually
transmitted diseases.
Molecular analysis reveals complex vaginal flora dynamics.
Importantly, many of the microorganisms involved may not
be culturable, easily distinguished or even seen in a Gram
stain, so the molecular testing provides improved diagnoses.

MARCH 2024 QUESTIONNAIRE  

1. Blood group antigens are inherited markers found on
surfaces, including red blood cell membranes. What clinical
effects do their corresponding antibodies have?

2. What does the International Society of Blood Transfusion
(ISBT) define as a blood group system? And how do these
systems arise?

3. What are the major antigens of the MNS blood group
system? How many antigens in the MNS blood group have
been identified by the ISBT?

4. What rare MNS hybrid variant is present in East African
populations? What does this variant confer protection
against and how?

5. What causes Leptospirosis? How is it typically transmitted?
What makes leptospirosis infection difficult to identify through
clinical presentation alone? And what other conditions are
similar in their presentation?

6. What are the drawbacks of using the gold standard
serological test, microscopic agglutination test (MAT) in New
Zealand?

7. PCR can provide a more rapid “real-time laboratory
diagnosis of leptospirosis using blood and urine samples,
when are blood samples used and why? When is a urine
sample recommended? And when can these samples be
unreliable?

8. What significant changes in body composition does spinal
cord injury (SCI) paralysis cause? What significant metabolic
changes are considered contributing factors associated with
the metabolic syndrome seen in SCI?

9. What is the difference between complete and incomplete
SCI? What differences were significant between complete
and incomplete SCI in the presented study?

10. What should be considered in the placement of warning
markings for equipment and instruments that incorporate
laser products?

New Zealand Journal of Medical Laboratory Science 2024 
55



Index to Volume 77, 2023
EDITORIALS
When is a scientist not a scientist?
Terry Taylor ..............................................................................3

Artificial intelligence use in scientific journals.
Lisa Cambridge ................................................................56-57

Professional input into a national pathology service provision 
strategy.
Terry Taylor ..........................................................................104 

REVIEW ARTICLES
Cervical cancer screening in the Pacific Island countries: an 
overview of current management for therapy.
Shamal S Chand, Atlesh N Sudhakar and 
Sharita Meharry ....................................................................4-9

Water soluble vitamins: mechanism and metabolism. A 
narrative review.
Reza Nemati, Christopher McEntyre, James Yeo, Ian Phillips, 
Bobby Li, Christine Leaver and Christiaan Sies ...............11-18

In search of a home-based HbA1c point-of-care testing device 
that is fit for purpose: a non-systematic review.
Samarina MA Mussaad, Geoffrey CE Herd and 
Frances Mouat..................................................................59-64

ORIGINAL ARTICLES 
Investigation of D-dimer stability with INNOVANCE D-dimer 
assay.
Yan Fu, Yii Sen Wee and Rhonda Lucas .........................19-23

Comparison of tube and column agglutination technique for the 
quantification of blood group antibody anti-D by titration.
Teatuanui M Loschmann, Minaxi Patel, Nicholas KG Garrett 
and Holly E Perry..............................................................24-27

Salmonella serovars associated with bacteraemia infection in 
persons infected with human immunodeficiency virus with low
CD4 cell counts in Akwa Ibom State, Nigeria.
Dora I Udoh, Aniekan-Augusta O Eyo, Anne E Asuquo and 
Simon J Utsalo .................................................................28-32

Correlation of selected inflammatory markers with 
cardiovascular diseases markers among HIV patients in Benin
City, Nigeria.
Godwin A. Aikpitanyi-Iduitua, Nosakhare L. Idemudia, 
Rosemary O. Aikpitanyi-Iduitua and 
Richard Omoregie ............................................................33-37

The natural cytotoxic receptors (NKp30, NKp44 and NKp46) 
gene expression in coeliac disease patients.
Maryam Khodapanah, Nastaran Asri, 
Mohammad Rostami-Nejad, Mehrdad Hashemi 
and Hamid Asadzadeh Aghdaei .......................................66-70

Impact of heat shock protein and tumour necrosis factor on 
klinefelter syndrome.
Moushira Zaki, Eman R Youness, Heba A Elmalt, Azzah A 
Khedr, Fatma Abdelrahaman Alzaree, Mohammed M EL-
Sonbaty and Hala T El-Bassyouni ....................................71-74

Occurrence of Escherichia coli O157:H7 infection and its 
affects on haematological parameters among patients in 
Central Hospital, Benin City, Nigeria.
Christopher O Elemuwa, Joe O Isibor, Nyoho J Inyang, 
Uchenna Geraldine Elemuwa, Richard Omoregie 
and Mary Ayanlere .......................................................109-112

Chemerin: an exploitable biomarker for familial Mediterranean 
fever in Egyptian patients.
Hala T El-Bassyouni, Hisham Megahed, Eman R Youness, 
Hisham A Aziz Orban, Maha M Kobesiy, Rania A Ellethy, Mina, 
Wassef Girgiss, Adel Mohamed Ashour, Ahmed Helal El Sayed 
and Moushira E Zaki..................................................... 114-118

Optimal cut off point of the triglyceride to HDL-C ratio for insulin 
resistance among Egyptian obese premenopausal women: a 
cross-sectional study.
Moushira Zaki, Wafaa Kandeel and 
Eman Refaat Youness ..................................................120-123

Comparison of the BD Max™ vaginal panel, against standard 
methods, for the detection of common vaginitis conditions.
Julie A Creighton and Bethany J Mills ..........................124-127

CASE STUDIES
The association of MMUT mutation (NM_000255.4: c.976Q>G 
with wide spectrum clinical manifestations in a child affected 
with methylmalonic acidaemia.
Yahollah Zahed Pasha, Alireza Paniri, Mousa Ahmadpour-
kacho, Sadegh Fattahi, Nafiseh Yazarlou 
and Haleh Akhavan-Niaki .................................................75-79

Citations to articles from the New Zealand Journal of Medical 
Laboratory Science by international biomedical journals in 2022
Rob Siebers ......................................................................80-81

RESEARCH LETTERS
Are articles authored by women under-cited compared to 
articles authored by men?
Rob Siebers ...........................................................................38

TH PULLAR ADDRESS
Thos Pullar and the philosphers stone.
Michael Legge ..............................................................105-106

PROFESSIONAL AFFAIRS
The differences between regulatory and professional 
associations.
Sue Calvert ...................................................................128-129

BOOK REVIEWS
The wine-dark sea within; a turbulent history of blood by Dhun 
Sethna. 
Reviewed by Michael Legge..................................................39

Planting clues: how plants solve crimes by David J Gibson.
Reviewed by Michael Legge..................................................39

This is going to hurt by Adam Kay. 
Reviewed by Elaine Booker.................................................130

A nurse on the edge of the desert by Andrew Cameron.
Reviewed by Elaine Booker..........................................130-131

 
AUTHOR INDEX
Aghdaei, HA...........................................................................66
Ahmadpour-kacho, M ............................................................75
Aikpitanyi-Iduitua, GA ............................................................33
Aikpitanyi-Iduitua, RO  ...........................................................33
Akhavan-Niaki, H ...................................................................75
Alzaree, FA ............................................................................71
Ashour, AM ..........................................................................114
Asri, N ....................................................................................66

New Zealand Journal of Medical Laboratory Science 2024 
56



Asuquo, AE ............................................................................28
Ayanlere, M .........................................................................109
Booker, E .............................................................................130
Calvert, S .............................................................................128
Cambridge, L  ........................................................................56
Chand, SS  ..............................................................................4
Creighton, JA .......................................................................124
El Sayed AH ........................................................................114
El-Bassyouni , HT ..........................................................  71,114
EL-Sonbaty, MM ....................................................................71
Elemuwa, CO ..................................................................... 109
Elemuwa, UG ..................................................................... 109
Ellethy, RA ...........................................................................114
Elmalt, HA ..............................................................................71
Fattahi, S ...............................................................................75
Fu,Y .......................................................................................19
Garrett, NNG .........................................................................24
Girgiss, MW .........................................................................114
Hashemi, M ...........................................................................66
Herd, GCE .............................................................................59
Idemudia, NL .........................................................................33
Inyang, NJ ...........................................................................109
Isibor, JO .............................................................................109
Kandeel, W ..........................................................................120
Khedr, AA ...............................................................................71
Khodapanah, M .....................................................................66
Kobesiy, MM ........................................................................114
Leaver, C ...............................................................................11
Legge, M........................................................................39, 105
Li, B .......................................................................................11

Loschmann, TM .....................................................................24
Lucas, R ................................................................................19
McEntyre, C ...........................................................................11
Megahed, H .........................................................................114
Meharry, S ...............................................................................4
Mills, BJ .............................................................................. 124
Moushira, Z............................................................................71
Mouat, ...................................................................................59
Mussaad, SMA  .....................................................................59
Nemati,R................................................................................11
O Eyo, A.................................................................................28
Omoregie, R ..................................................................33, 109
Orban, HAA .........................................................................114
Paniri, A .................................................................................75
Pasha, YZ ..............................................................................75
Patel, M .................................................................................24
Perry, HE ...............................................................................24
Phillips, I ................................................................................11
Rostami-Nejad, M ..................................................................66
Siebers, R ........................................................................38, 80
Sies, C ...................................................................................11
Sudhakar, AN...........................................................................4
Taylor, T ...........................................................................3, 104
Udoh, DI ............................................................................... 28
Utsalo, SJ ..............................................................................28
Wee, Yii Sen ..........................................................................19
Yazarlou, N ............................................................................75
Yeo, J .....................................................................................11
Youness, ER ...........................................................71,114, 120
Zaki, ME ..................................................................71,114,120

New Zealand Journal of Medical Laboratory Science 2024 
57




	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



