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Pre-analytical errors and their prevention in an emergency 
department setting

Christopher Morias1,2, Greg Palmer2, Abishek Santhakumar1
1School of Dentistry and Medical Sciences, Charles Sturt University, Wagga Wagga, NSW

2SA Pathology Noarlunga, Noarlunga, SA

Abstract
The pathology laboratory plays a key role in a patient’s healthcare journey and the results from pathology testing can 
influence medication, hospital admission status and differential diagnoses. Errors in the pre-analytical phase may negatively 
impact the total testing process (TTP) and therefore patient outcomes. The pre-analytical phase involves multiple 
healthcare professionals from different disciplines and departments. An observational study of pre-analytical errors was 
conducted over two months at an Australian hospital emergency department (ED) and associated laboratory. This study 
was used to assess the type and number of pre-analytical errors occurring at this site. A Likert-Like survey targeting the 
ED staff was used to form a basis for the intervention phase of the experiment which aimed to reduce the overall number 
of pre-analytical errors occurring at this site. An intervention study focusing on educating the ED staff on pre-analytical 
errors from four bases (request-based, specimen-based, transport-based, and laboratory-based) was conducted over 
two months. The intervention was not successful in significantly reducing the number of pre-analytical errors at this site; 
however multiple suggestions have been made to help reduce the number of pre-analytical errors in the future. These 
include introducing a pneumatic tube system, running a monthly/bi-monthly training program, and implementing a 
training program targeting laboratory staff. An extended study with more frequent interventions is needed to assess the 
benefits of running an intervention training program focusing on pre-analytical errors.

Keywords: pre-analytical errors, medical errors, clinical laboratories, patient safety

Introduction
Diagnostic testing in the pathology laboratory has a key 
role in the treatment and diagnosis of patients. Roughly 
70% of all clinical decisions are based on laboratory 
results (Vanker et al 2010; Atay et al 2014; Cao et al 
2016). The pathology laboratory is only one facet of the 
total testing process (TTP) as the ED, various information 
systems, and multiple healthcare professionals (e.g. 
clinicians, laboratory scientists nurses, phlebotomists, 
and orderlies) are also involved. The TTP heavily relies on 
communication, teamwork, experience, and knowledge 
to ensure the best outcome for the patient. The TTP for all 

pathology requests involves the pre-pre-analytical phase 
(the formation of a clinical question), pre-analytical phase 
(specimen collection), analytical phase (the analysis of a 
specimen), post-analytical phase (the reporting of results), 
and the post-post-analytical phase (the interpretation 
of laboratory results by a health professional) (Plebani 
2012; Kaushik and Green 2014; Cao et al 2016). This study 
will consider the pre-pre and pre-analytical phase as a 
combined pre-analytical phase in the TTP.

The pre-analytical phase has been suggested to have a 
higher error rate than the analytical and post-analytical 
phases, as the pre-analytical phase is not under direct 
laboratory control (Gunnur Dikmen et al 2015; Najat 
2017). It has also been noted that pre-analytical errors 
compose the bulk of all laboratory errors (Marin et 
al 2014; Cao et al 2016; Osegbe et al 2016). Many of 
these pre-analytical errors are preventable, as seen in 
a study by Carraro and Plebani 2007, where 73% of the 
pre-analytical errors that occurred in their study were 
avoidable. Interventions to reduce pre-analytical errors 
have the greatest probability of impact on a patient's 
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outcome during their healthcare journey. This is due to 
the fact that any errors occurring in this phase have the 
potential to follow on to the analytical and post-analytical 
phases and affect all subsequent stages of the patient’s 
healthcare journey (Lillo et al 2012; Plebani 2012; Al 
Saleem and Al-Surimi 2016). Many studies have focused 
on the potential risk and harm of these pre-analytical 
errors with methods that include training of laboratory 
staff, changes in pre-analytical methods/processes, the 
use of performance indicators, total quality management 
systems, and increased communication between different 
disciplines of health professionals and departments 
(Chawla et al 2010; Agarwal et al 2012; Kagan and Barnoy 
2013; Sullivan et al 2013; Morias et al 2018).

Pre-analytical errors have the potential to cause a 
substantial burden on the healthcare system as they may 
lead to significant morbidity and mortality. They may 
also cause significant financial strain on the healthcare 
system through increased service costs, consumables and 
increased staffing requirements. Unnecessary patient 
follow-up investigations and poor patient outcomes 
can also be a direct result of pre-analytical errors (Le et 
al 2016; Tapper et al 2017; West et al 2017). This study 
attempts to reduce the number of pre-analytical errors 
seen within an Australian hospital site via an observational 
study, an ED staff survey and an intervention study to 
assess the effectiveness of the intervention. The outcome 
of this study will be used to determine if the interventions 
implemented were successful and if a significant reduction 
in pre-analytical errors had occurred.

Materials and Methods
Study population
The study population was comprised of pathology request 
forms and pathology samples from the hospital ED. Only 
ED pathology request forms that contained blood tests 
were analysed. A total number of 16955 pre-analytical 
errors were observed from 6692 pathology forms over 
two months. A survey regarding pre-analytical errors 
was distributed to the ED staff via Survey Monkey. The 
ED staff were given four months to complete this survey. 
The ULTRA laboratory information system (LIS) was used 
to assess laboratory-based errors. Ethics approval was 
obtained from the South Australian Local Health Network 
(SALHN) (OFR110.17) and Charles Sturt University Human 
Research Ethics Committees (CSU-HREC) (H17142). 

Study overview
The study was composed of four phases. Phase One was 
an observational study data of the pre-analytical errors 
listed in Table 1, Phase Two was a Likert-Like survey sent to 
the hospital ED, Phase Three was when pre-intervention 
pre-analytical data were gathered, and Phase Four  

Basis of error Type of pre-analytical error

Request-based No clinical notes provided

No patient signature

No specimen collection time provided

No collector signature

No doctor signature

No sorter signature

Duplicate request forms for the same patient episode 

and incomplete requests over multiple forms

Duplicate test requests

Test requested but not on EPAS

Pathology test cancelled

No Copy Doctor on request form but on EPAS

Fasting status incorrect

Inadequate information on request form regarding 

requesting doctor

Inadequate information on request form regarding 

patient identification

Illegible information on request form including tests 

requested, time of collection and clinical notes

No drug regime information on request form

Soiled pathology request form

Specimen-based Haemolysed samples

Transfusion samples rejected

Blood gas sample type not specified

Arterial specimen requested for blood gas but venous 

sample collected

Inappropriately clotted sample

Incorrect ant-coagulant ratio

Lipaemic/icteric samples

Insufficient sample volume

Incorrectly labelled sample

Unlabelled sample

Sample contamination/poor quality of specimen

Wrong sample for test requests

Delay in specimen collection > 1 hour

Transport-based Delay in specimen transport > 1 hour from collection

Request received with no sample/s

Samples received without request forms

Inappropriate transport conditions

Laboratory-based Avoidable delay in sample processing entering request 

forms > 1 hour

Tests missed

Misinterpretation of test requests

Lost specimens

Errors in patient demographics (age, sex, location, 

Medicare, gestation, etc.)

Missed copy doctor

Test added on by lab without EPAS request

Clinical notes not typed

Errors in patient billing

EPAS = Enterprise Patient Administration System

Table 1. List of measured pre-analytical errors during the 
observational study.
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A participant information sheet with a Likert-Like survey 
link was sent to the hospital ED staff. The anonymous 
survey was conducted via Survey Monkey.

Table 4 presents the list of questions provided to the 
hospital emergency staff. Nine responses were submitted 

comprised of the intervention and the recording of the 
post-intervention pre-analytical errors. Table 2 outlines 
the experimental phases. The errors that were identified 
in this study were resolved through the pre-existing 
channels used by SA Pathology (contacting the required 
medical professionals, the generation of amended reports 
and tracking changes through ULTRA).

The observational study was conducted for two months 
with 3775 pathology request forms and 6482 pathology 
specimens analysed for the presence of pre-analytical 
errors. The goal of the observation study was to establish 
a baseline number of pre-analytical errors occurring at 
the hospital ED and laboratory. The pre-analytical errors 
observed in this study were classified into request-based, 
specimen-based, transport-based, and laboratory-based 
errors (Table 1). The pathology specimen type included in   
this study is presented in Table 3.

Table 2. Experimental overview.

Experimental Phase Outline Duration of phase

Phase 1 Observational study data of the pre-analytical errors listed Two months

Phase 2 A Likert-Like survey was sent to the ED staff at hospital Four months

Phase 3 Pre-intervention pre-analytical data were gathered One month

Phase 4 An intervention and the recording of the post-intervention pre-
analytical errors

One month

Table 3. A list of pathology specimens observed in the 
observation and intervention studies.

Specimen sample

Blood gas (G4) samples

Serum samples

K-EDTA samples

Coagulation samples

Lithium Heparin

Transfusion samples

Fluoride oxalate

Table 4. The Likert-Like survey questionnaire provided to the 
Hospital Emergency Staff.

Survey Questionnaire

Q1 I am aware that inappropriate collection, tube type, or 
anticoagulant ratio can significantly affect laboratory test 
results

Q2 The pathology laboratory regularly informs you of the 
reason/s why a sample has been rejected

Q3 I am aware that samples collected in a tube require a certain 
number of inversions to ensure the effectiveness of the clot 
activator or anti-coagulant when using a non-vacutainer 
collection method

Q4 I am aware that the use of an I.V. catheter devices (e.g. 
Jeleo IV catheters) for the collection of blood may lead 
to poor pathology sample quality including haemolysis, 
contamination, and the presence of intravenous fluid

Q5 I am aware of other pre-analytical factors that may affect 
laboratory test results including sample temperatures, patient 
identification, anti-coagulation ratio, and time delay

Q6 Would you benefit from a laboratory run pre-analytical 
training program?

Q7 Have you identified any areas or processes that may lead to 
pre-analytical errors? If so, what are they?

Q8 Do you have any suggestions to decrease the number of 
pre-analytical errors occurring in the Hospital Emergency 
Department and laboratory? If so, what are they?K-EDTA = Potassium ethylenediaminetetraacetic acid
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The pre-analytical errors chosen for the intervention 
study in Phases 3 and 4 were based on the observational 
study. The number of pre-analytical errors was then 
compared between the pre-intervention and post-
intervention phases. The intervention was in the form of 
a pre-analytical workshop targeting the hospital ED staff, 
which took place one day prior to the commencement of 
the post-intervention study. Staff members in attendance 
were issued with training documents pertaining to the 
various pre-analytical processes and were presented 
with some common scenarios in which pre-analytical  
errors arise.

The post-intervention phase was conducted over one 
month. This phase was to assess whether the intervention 
made a statistically significant impact on the number of 
pre-analytical errors observed. Thirty-two individual pre-
analytical error categories were found in the pre-and 
post-intervention phase as seen in Table 5.

Only 32/44 categories were chosen for the intervention 
phase as the data could only be reliably obtained for each 
of these individual error types.

Statistical analysis
The pre-and post-intervention error rates were analysed 
using Graph Pad Prism. An unpaired t-test was used 
to analyse the data with significance representing a 
95% confidence interval with p < 0.05 representing a  
significant result.

by a potential 100 employees from the hospital ED. The 
participants were hospital ED employees (clinicians, 
nurses, and administrative staff) and were specifically 
targeted for the survey as they are directly involved in the  
pre-analytical process.

Basis of error Type of pre-analytical error

Request-based No clinical notes provided

No patient signature

No specimen collection time provided

No collector signature

No specimen sorter signature

Duplicate request forms for the same patient episode 

and incomplete requests over multiple forms

Duplicate test requests

Fasting status incorrect

Inadequate information on request from regarding 

patient identification

No drug regime information on request form

Wrong test selected

Specimen-based Delay in specimen collection > 1hour

Blood gas sample type not specified

Arterial specimen requested for blood gas but venous 

sample collected

Haemolysed samples

Inappropriately clotted sample

Incorrect anti-coagulant ratio

Insufficient sample volume

Incorrectly labelled sample

Transfusion samples rejected

Transport-based Delay in specimen transport > 1 hour from collection

Request received with no sample/s

Samples received without request forms

Laboratory-based Avoidable delay in sample processing entering 

request forms > 1 hour

Tests missed

Misinterpretation of test requests

Lost specimens

Errors in patient demographics (age, sex, location, 

Medicare, gestation, etc.)

Missed copy doctor

Test added on by lab without EPAS request

Clinical notes not typed

Errors in patient billing

Errors in patient demographics

Missed copy doctor

Clinical notes not typed

Errors in patient billing

Errors in patient identification between EPAS 

and ULTRA

Table 5. A list of the pre-analytical errors observed during 
phases 3 and 4 (intervention).

Table 6. Pathology specimens analysed in the 
observational study.

Specimen sample Number

Blood gas (G4) samples 249

Serum samples 2796

K-EDTA samples 2542

Coagulation samples 814

Lithium Heparin 1

Transfusion samples 66

Fluoride oxalate 14

K-EDTA = Potassium ethylenediaminetetraacetic acid

EPAS = Enterprise Patient Administration System
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Table 7. The number and type of pre-analytical error observed in the observational study.

Basis of error Type of pre-analytical error Number observed

Request-based No clinical notes provided 2899

No patient signature 2430

No specimen collection time provided 1056

No collector signature 964

No doctors signature 1141

No sorter signature 62

Duplicate request forms for the same patient episode 
and incomplete requests over multiple forms.

157

Duplicate test requests 26

Test requested but not on EPAS 141

Pathology test cancelled 276

No Copy Doctor on request form but on EPAS 1851

Fasting status incorrect 10

Inadequate information on request from regarding 
requesting doctor 

3

Inadequate information on request from regarding 
patient identification

1

Illegible information on request form including tests 
requested, time of collection and clinical notes

2

No drug regime information on request form 10

Soiled pathology request form 12
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Specimen-based Haemolysed samples 152

Transfusion samples rejected 6

Blood gas sample type not specified 45

Arterial specimen requested for blood gas but venous 
sample collected

26

Inappropriately clotted sample 34

Incorrect anti-coagulant ratio 15

Lipaemic/icteric samples 36

Insufficient sample volume 10

Incorrectly labelled sample 1

Unlabelled sample 10

Sample contamination/ poor quality of specimen 1

Wrong sample for test requests 5

Delay in specimen collection > 1hour 72

Transport-based Delay in specimen transport > 1hour from collection 231

Request received with no sample/s 28

Samples received without request forms 30

Inappropriate transport conditions 3

Laboratory-based Avoidable delay in sample processing entering request 
forms > 1hour 

37

Tests missed 47

Misinterpretation of test requests 5

Lost specimens 1

Errors in patient demographics (age sex location 
Medicare gestation)

172

Missed copy doctor 46

Test added on by lab without EPAS request 1

Clinical notes not typed 45

Errors in patient billing 125

Errors in patient identification between EPAS and ULTRA 6

EPAS = Enterprise Patient Administration System
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Results

Observational study results
An observational analysis of the pre-analytical errors at 
the hospital site was conducted over two months. 3775 
pathology request forms and 6482 pathology specimens 
were analysed for the presence of pre-analytical errors. 
12159 individual pre-analytical errors were observed 
during the study. The pathology specimens and errors 
analysed during the observational study are shown in 
Tables 6 and 7, with 44 different pre-analytical error 
categories established.

The request-based error type accounted for the highest 
number of pre-analytical errors. The error category with 
no clinical notes provided was the major reason why this 
error category was so predominant.

There was missing patient clinical information for 2899 
out of 3775 pathology request forms from the ED. 1851 
pathology requests did not have a general practitioner 
(GP) on the pathology request form but a GP was available 
on the Enterprise Patient Administration system (EPAS). 
The highest phlebotomy/collection error was sample 
haemolysis, with 152 individual pathology samples 
haemolysed during the observational study. A delay in 
specimen transport greater than an hour from the ED 
to the laboratory was the highest transport-based error, 
with 231 pathology requests being delayed by over an 
hour. Forty-seven pathology test requests were missed 
by the laboratory. Errors in patient demographics were 
observed in 172 instances making this pre-analytical 
error the highest laboratory-based error and these 
included five individual error categories. These categories 
were inadequate information on request form regarding 

Likert-Like Survey response

Question Strongly agree Agree Undecided Disagree Strongly agree

Q1 I am aware that inappropriate 
collection, tube type, or anti-
coagulant ratio can significantly 
affect laboratory test results

7 2

Q2 The pathology laboratory 
regularly informs you of the 
reason/s why a sample has been 
rejected

3 6

Q3 I am aware that samples 
collected in a tube require a 
certain number of inversions to 
ensure the effectiveness of the 
clot activator or anti-coagulant 
when using a non-vacutainer 
collection method

5 3

Q4 I am aware that the use of an I.V. 
catheter devices (e.g. Jeleo IV 
catheters) for the collection of 
blood may lead to poor pathology 
sample quality including 
haemolysis, contamination, and 
the presence of intravenous fluid

3 6

Table 8. The Likert-Like survey responses.



Australian Journal of Medical Science May 2023 Vol. 44 No. 2 53

patient identification, insufficient sample volume, 
sample contamination/poor quality of specimens, lost 
specimens, and tests added on without EPAS requests.

Staff survey responses
A Likert-Like survey regarding pre-analytical errors was 
sent to the hospital ED staff before the intervention 
study. Eight questions were asked of the emergency staff 
and the survey responses can be seen in Table 8.

Two out of the eight questions did not receive a 100% 
response rate, with ‘Have you identified any areas or 
processes that may lead to pre-analytical errors? If so, 
what are they?’ only receiving three responses and 
‘Do you have any suggestions to decrease the number 
of pre-analytical errors occurring in the hospital 
ED and laboratory? If so, what are they?’ receiving  
two responses.

The third survey question ‘I am aware that samples 
collected in a tube require a certain number of inversions 
to ensure the effectiveness of the clot activator or 
anti-coagulant when using a non-vacutainer collection 
method’ and the sixth question ‘Would you benefit 
from a laboratory run pre-analytical training program?’ 
received one negative response each showing the 
greatest uncertainty of the staff members surveyed.

Intervention results
An intervention analysis (phases 3 and 4) was conducted 
over two months. The pre-intervention and post-
intervention data can be seen in Tables 9 and 10. 1492 
pathology request forms and 2056 pathology specimens 
were analysed pre-intervention. 1544 pathology request 
forms and 2477 pathology specimens were analysed 
post-intervention. 3518 individual pre-analytical errors 
were identified pre-intervention, and 3779 pre-analytical 
errors were identified post-intervention.

The most frequent error in this period was the absence 
of clinical notes provided on pathology forms and this 
was the highest request-based error occurring in both 
the pre-and post-intervention phases. 1158 pathology 
request forms from the ED were observed without 
patient clinical information pre-intervention, and 1177 
post-intervention. Sample haemolysis was the highest 
specimen-based error with 34 samples haemolysed 
pre-intervention compared to 51 samples haemolysed 
post-intervention. Delay in specimen transport greater 
than an hour was the highest transport-based error 
with 85 pathology requests delayed by over an hour 
pre-intervention compared to 97 pathology requests 
post-intervention. Errors in patient demographics were 
the highest laboratory-based error with 83 pathology 
requests with this error pre-intervention and 84 
pathology requests post-intervention.

Q5 I am aware of other pre-
analytical factors that may affect 
laboratory test results including 
sample temperatures, patient 
identification, anti-coagulation 
ratio, and time delay

4 4

Q6 Would you benefit from a 
laboratory run pre-analytical 
training program?

1 4 3 1

Q7 Have you identified any areas 
or processes that may lead to 
pre-analytical errors? If so, what 
are they?

3 responses

Human error. Incorrect documentation.

I do not have any concerns for my own ability. If I have any doubt, I refer to the 
collection handbook on the intranet or speak to someone in the lab.

No.

Q8 Do you have any suggestions to 
decrease the number of pre-
analytical errors occurring in the 
Hospital ED and laboratory? If so, 
what are they?

2 responses

Appropriate education for individuals who clearly have lack of knowledge of sample 
collection / transport conditions.

No.
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Table 9. The pathology specimens analysed in the pre- and post- 
intervention phase.

Specimen sample Number Pre Number Post

Blood gas (G4) samples 67 96

Serum samples 1141 1109

K-EDTA samples 1029 986

Coagulation samples 248 266

Transfusion samples 17 12

Fluoride oxalate 4 8

K-EDTA = Potassium ethylenediaminetetraacetic acid

Table 10. The pre-analytical error rate pre- and post- intervention and the statistical impact of the intervention.

Basis of error Type of pre-analytical error Pre Post Statistically significant 
impact (p-value)

Request-based No clinical notes provided 1158 1177 0.8805 NS

No specimen collection time provided 305 418 0.1291 NS

No collector signature 269 376 0.1662 NS

No sorter signature 25 48 0.3514 NS

Duplicate request forms for the same patient episode 
and incomplete requests over multiple forms.

94 98 0.8866 NS

Duplicate test requests 13 25 0.1406 NS

Delay in specimen collection >1hour 38 50 0.2481 NS

Fasting status incorrect 262 227 0.5107 NS

Inadequate information on request from regarding 
patient identification

18 17 0.8952 NS

No drug regime information on request form 2 3 0.6704 NS

Wrong test selected 1 3 0.3903 NS
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Specimen-based Haemolysed samples 34 51 0.2059 NS

Blood gas sample type not specified 2 0 0.134 NS

Arterial specimen requested for blood gas but venous 
sample collected

1 7 0.235 NS

Transfusion samples rejected 1 2 0.5370 NS

Inappropriately clotted sample 11 6 0.2148 NS

Incorrect anti-coagulant ratio 1 5 0.3559 NS

Insufficient sample volume 0 5 0.0025

Incorrectly labelled sample 8 2 0.134 NS

Transport-based Delay in specimen transport >1hour from collection 85 97 0.5763 NS

Request received with no sample/s 7 12 0.3559 NS

Samples received without request forms 10 2 0.3262 NS

Avoidable delay in sample processing entering request 
forms > 1hour

13 25 0.1578 NS

Laboratory-based Tests missed 20 22 0.8262 NS

Misinterpretation of test requests 7 9 0.5504 NS

Lost specimens 1 0 0.3559 NS

Errors in patient demographics 83 84 0.9706 NS

Missed copy doctor 22 26 0.6540 NS

Clinical notes not typed 39 45 0.6876 NS

Errors in patient billing 72 54 0.3819 NS

Errors in patient identification between EPAS and 
ULTRA 

0 3 0.1682 NS

Five individual categories showed the greatest decrease 
in pre-analytical errors post-intervention with the 
first number the pre-intervention and the second 
the post-intervention total. These were no patient 
signature (916/ 880), incorrectly labelled samples (8/2), 
fasting status incorrect (262/227), samples received 
without request forms (10/2), and errors in patient 
billing (72/54). Seven individual categories showed 
the highest increase in pre-analytical errors post-
intervention: no specimen collection time provided 
(305/418), no collectors signature (269/376), no sorter 
signature (25/48), duplicate test requests (13/25), delay 

in specimen collection greater than an hour (38/50), 
haemolysed sample (34/51), arterial specimen requested 
for blood gas but venous sample collected (1/7), and 
avoidable delay in sample processing over an hour  
(13/ 25). Insufficient sample volume showed the greatest 
change in error rates post-intervention (0/5). The other 
31 pre-analytical error categories did not demonstrate 
significant changes.

EPAS = Enterprise Patient Administration System
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Discussion

Observational data discussion
12159 pre-analytical errors from 3775 pathology request 
forms were observed during the observational study. 
Of the 3775 pathology request forms, 2899 did not 
contain clinical notes. Clinical notes are considered a 
primary method for clinicians to communicate effectively 
with laboratory staff. Poor communication may lead to 
compromised patient safety, inefficient use of valuable 
resources, and an increase in the number of pre-
analytical errors (Atay et al 2014; Vermeir et al 2015). 
Clinical notes may also help laboratory staff interpret 
abnormal results and differentiate these abnormal 
results from possible sample contamination, patient 
mismatches, or analyser miss-sampling. A quality control 
step could also be introduced in the ED to identify 
request-based errors with a staff member checking the 
pathology request form for the presence of clinical notes, 
the inclusion of a general practitioner to review the 
pathology results, and the presence of a patient signature 
before the transportation of the pathology request to the 
laboratory (Al Saleem and Al-Surimi 2016).

1851 of the 3775 pathology requests did not include a 
GP to review the pathology results, however after further 
investigation, a portion of these pathology requests 
did have a GP associated with EPAS for patient clinical 
summaries. A patient’s healthcare journey does not end 
once the patient has been discharged from the ED as it 
is often up to the GP to follow up with the patient and 
ensure that their healthcare needs are met. Additionally, 
the pathology testing performed while the patient was 
in the ED may not ever be acted upon by the GP if they 
are unaware of these results. This may lead to duplicate 
pathology testing and increased wait times for the patient 
before a clinical diagnosis can be made. A patient may 
also be discharged before all the pathology testing has 
been completed resulting in under-investigation of their 
results. It is recommended that the hospital information 
systems require additional contingencies in place so 
that whenever possible a GP be added to all pathology 
requests to allow for increased patient care and better 
handover from the ED.

The entry of 46 copy doctors onto the LIS was missed by 
the laboratory during the data entry of pathology request 
forms despite these names being present on the request 
form. It was noted that many were missed when they were 
present on the add-on pathology request form from EPAS. 
During the period of the study, the copy doctors on EPAS 
add-on request forms were appearing in a small font. This 
small font along with the unfamiliarity of the copy doctor 
location on add-on request forms may explain why these 
were missed by the laboratory staff on request form 

entry. When changes are made to the request form or 
ordering program (Oacis/EPAS), sufficient training needs 
to be provided to the staff using that system or type of 
pathology form.

157 of the 3775 pathology request forms contained a 
duplicate request form for the same patient episode with 
incomplete pathology requests present over the multiple 
forms. The duplicate request forms would be transported 
to the laboratory at the same time and associated with a 
single set of pathology samples. These duplicate request 
forms also contributed to the 46 copy doctors missed 
during data entry onto the LIS by the laboratory, as the 
copy doctor may have only appeared on a single form. 
The laboratory’s procedure was to handwrite all test 
requests and copy doctors to a single form to ensure that 
they were not missed by the data entry operators. The 
multiple forms were all scanned onto the imaging system 
for viewing during data entry, but the copy doctors would 
still be missed if not present on the primary form/all 
of the forms presented to the laboratory for the same 
patient episode.

152 of the 6482 (2.34%) pathology samples were 
haemolysed. Haemolysis is known to interfere with many 
pathology assays such as troponin T and potassium (Sodi 
et al 2006). A haemolysed sample may lead to a delay 
in a critical pathology result, it may cause a patient to 
be unnecessarily re-bled, it may significantly increase 
a patient's length of stay occupying an ED bed and 
increase the consumables costs of the hospital (West et 
al 2017). A clinician may even abandon the pathology 
testing altogether due to collection difficulties or time 
constraints, consequently altering the patient's clinical 
management due to the lack of clinical information 
(Karcher and Lehman 2014; Le et al 2016). The sample 
haemolysis rate of 2.34% is higher than the mean rate of 
sample rejection found by Karcher and Lehman (2014) 
of ≤ 1% of the total number of specimens received in 
chemistry and haematology laboratories. The Karcher 
and Lehman (2014) error rate is consistent with the 
studies performed by Carraro and Plebani (2007), Atay 
et al (2014) and Kumar et al in 2014, with error rates 
of 1.23%, 0.65%, and 0.309% respectively. This higher 
error rate suggests that there is room for improvement 
regarding collection procedures at this site (Karcher and 
Lehman 2014; Carraro and Plebani 2007; Atay et al 2014: 
Kumar et al 2014).

Currently, the ED staff collect pathology samples from an 
intravenous (IV) catheter Jelco system. This system was 
designed to administer fluids to a patient and not for 
phlebotomy purposes. Due to the functional design of the 
system, it may lyse and shred red blood cells when they 
are being forced through the system as it was not designed 
for bi-directional flow. Ideally, pathology samples should 
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be collected directly from a vein via venepuncture, but in 
scenarios where this is not possible, switching from an IV 
catheter Jelco system to a system that is bi-directional may 
reduce the number of haemolysed samples. A pathology-
based training program focused on phlebotomy may 
increase the confidence of emergency staff to collect 
pathology specimens through venepuncture and reduce 
the number of haemolysed samples from the ED.

231 of the 3775 (6.12%) pathology requests from the 
ED were delayed by over an hour before they reached 
the laboratory for testing. A delay in transport could 
be attributed to many reasons such as insufficient staff 
numbers, ED staff forgetting or be too busy to page an 
orderly to collect the pathology sample, the orderly may 
be unavailable to collect the pathology samples due to 
other responsibilities (e.g. moving a patient to a ward, 
cleaning a theatre suite) the orderly may not be available 
after hours or on weekends or the paging system may 
be unresponsive. A pneumatic tube system from the ED 
to the laboratory would be a cost-effective mechanism 
to drastically decrease the transport time of pathology 
specimens from the ED to the laboratory thereby reducing 
the overall turnaround time (TAT) of pathology requests 
(Hayes et al 2014; Le Quellec et al 2017). Reducing the 
overall TAT would help the ED staff to admit or discharge 
patients more promptly, in turn helping the ED to reach 
the target set by the National Emergency Access Time 
of four hours and reduce operating costs (Hayes et al 
2014; Sullivan et al 2016). It would also allow the ED and 
orderly staff to conduct other duties.

Forty-seven pathology test requests were missed by 
the laboratory. This could result in the pathology tests 
not being performed, a significant delay in the clinician 
receiving the result and the result not being followed up 
by the clinician. The laboratory must ensure that a quality 
control program is in place which has the necessary 
capability to identify missed tests or has sufficient 
workflow processes to detect these errors.

172 errors in patient demographics were observed making 
this the highest laboratory-based error. This includes 
errors in a patient’s date of birth, gender, Medicare 
number, gestation status and address. This may lead to 
multiple patient entries onto the laboratory LIS for the 
same patient, incorrect patient information displayed on 
the pathology reports, incorrect reference ranges, errors 
in pathology billing, and difficulty communicating with 
the patient if required. If a patient has multiple pathology 
entries it may significantly decrease a clinician's ability 
to access all the relevant pathology requests previously 
performed for their patient as these requests may be 
split over the duplicate patient entries. This may lead 
to duplicate pathology ordering, delayed treatment, 

and decreased patient care. An integrated hospital 
information system with the LIS might potentially help 
to reduce errors in patient demographics however the 
information provided to the hospital by the patient may 
not agree with the patient's Medicare records.

The avoidable delay in pathology sample processing 
greater than an hour as seen in Table 7 (37 out of 3775). 
Efficient workflow processes, prioritisation of staff and 
adequate resources are recommended to process ED 
pathology requests within a reasonable timeframe. This 
may include assigning a staff member to focus solely on 
the ED pathology requests including processing and data 
entry, finding clear ways to differentiate the ED requests 
from no non-ED requests and ensuring that add-on 
requests are easily visible to all staff.

Survey discussion
The survey responses show that the staff at the hospital 
ED were aware that inappropriate collection, tube type, 
and anticoagulant ratio can significantly affect laboratory 
results. The laboratory also informed the ED staff when 
a sample was rejected and the reason/s why it was 
rejected. Although the ED staff surveyed were aware 
of inappropriate collection methods this did not mean 
that specimen-based errors did not occur, as seen by the 
number of specimen/phlebotomy errors listed in Table 7.

The third survey question asked if staff were aware 
that samples required a certain number of inversions 
to ensure the effectiveness of the clot-activator or 
anticoagulant when using a non-vacutainer collection 
method. Five participants strongly agreed, two agreed, 
and one disagreed. The one response that disagreed 
shows that there is a potential lack of understanding by 
the ED staff regarding anticoagulants and clot-activators 
in pathology specimen tubes. If some of the ED staff did 
not understand how clot-activators or anticoagulants 
worked, it could explain the number of pre-analytical 
errors associated with inappropriately clotted specimens 
and the number of pathology specimens with an 
incorrect anticoagulant ratio for testing (Table 7). This 
survey question helped focus the training of staff during 
the intervention phase of the experiment.

The response to Q4 had nine responses with three 
responses that strongly agreed and six responses that 
agreed. All survey responses showed that staff who were 
surveyed understood the inherent risk to sample quality 
when collecting pathology samples through an IV catheter. 
This process was the standard for collecting pathology 
samples from a patient in the ED. The reasoning given by 
the ED staff was that it is easier to collect blood samples 
from the IV catheter Jelco system as the line was already 
attached to the patient. The staff were also reluctant to 
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take blood from a fresh venepuncture site if a line was 
already open to them. The observational study showed 
that 152 samples were haemolysed and one sample 
was contaminated (Table 7). The high rate of haemolysis 
seen in the observational study may in part be due to 
the use of the IV catheter Jelco collection process for  
pathology specimens.

Responses to Q5 showed that eight of the nine staff 
surveyed were aware of other pre-analytical factors 
that may affect pathology results with one response 
undecided. This suggests that some ED staff may be 
unsure how some pathology testing may be affected by 
temperature, time delay, etc.

Q6 showed a wide variance of responses. One response 
totally agreed, four responses agreed, three responses 
were undecided and one response disagreed. The wide 
variance of responses suggests that the ED staff surveyed 
were unsure of what a laboratory-run pre-analytical 
training program would entail or teach. The consensus 
from the survey results showed however that ED staff 
would be receptive to participating in a pathology-run 
training program. Training and education of staff involved 
in the pre-analytical process regarding pre-analytical 
errors and their potential impact is a crucial step in 
reducing these errors (Kumar et al 2014; Narang et  
al 2016).

Q7 was answered by three of the staff members surveyed. 
The responses to the question showed that one of the 
staff members surveyed had a good grasp on their abilities 
regarding pre-analytical errors as seen by their response ‘I 
do not have any concerns for my own ability, if I have any 
doubt, I refer to the collection handbook on the intranet 
or speak to someone in the lab’. The response of ‘Human 
error. Incorrect documentation’ showed that this staff 
member understands that human error plays a role in all 
pre-analytical errors and that incorrect documentation 
may lead to errors in patient demographics.

The final survey question only had two responses with 
one response “Appropriate education for individuals who 
have lack of knowledge of sample collection/transport 
conditions” highlighting the need to educate staff who 
participate in the pre-analytical process.

Nine survey responses would not constitute a standard 
distribution of responses from the ED staff. More ED 
staff members would need to complete the survey to 
ensure a more accurate picture of the questions asked. A 
survey targeting the laboratory should also be developed 
to assess the laboratory staff’s understanding of pre-
analytical errors and how to reduce them.

Intervention discussion
The intervention could not target all the pre-analytical 
errors listed in Table 1 as some of these errors would 
be unaffected by continuing education and instead are 
due to random/systematic errors such as patient fasting 
status. Laboratory-based errors were not specifically 
targeted by the intervention as the intervention targeted 
the ED staff members. Thirty-two pre-analytical error 
categories were analysed pre and post-intervention and 
of the 32 pre-analytical error categories analysed, only 
one category was shown to have a statistically significant 
change post-intervention. Insufficient sample volume 
was the only statistically significant result recorded post-
intervention with a p-value of 0.0025. Zero pathology 
samples were observed to have insufficient sample 
volume for pathology testing pre-intervention versus 
five pathology samples post-intervention. This may be 
due to a variety of reasons including, difficult collection, 
inexperienced/new staff members, and a high number of 
tests requested per patient episode (Bhat et al 2012; Le 
et al 2016).

The intervention did not significantly reduce the 
highest occurring pre-analytical errors  (request-based, 
specimen-based, transport-based, or laboratory-based). 
Five individual categories showed the biggest decrease 
in pre-analytical errors post-intervention and these 
categories were: no patient signature, incorrectly labelled 
pathology samples, incorrect fasting status, samples 
received without a request form, and errors in patient billing. 
No patient signature, incorrectly labelled pathology 
samples, and samples received without a request 
form were specifically targeted by the intervention. 
Incorrect fasting status would not have been altered by 
the intervention even though this was covered in the 
training provided, as patients who attend the ED are 
not generally in a fasting state. Errors in patient billing 
were not specifically targeted by the intervention either 
as the intervention did not target laboratory practices. 
Interventions tailored specifically for the laboratory, such 
as a laboratory information system training program, 
would be the next step in continuing education to reduce 
the number of laboratory-based pre-analytical errors. It 
has been previously demonstrated that a commitment to 
a pre-analytical training program can drastically reduce 
request-based errors and specimen-based errors (Carraro 
and Plebani 2007; Kumar et al 2014; Osegbe et al 2016).

Seven individual categories showed the biggest increase in 
pre-analytical errors post-intervention. These categories 
were no specimen collection time provided, no collector 
signature, no sorter signature, duplicate test requests, 
delay in specimen collection greater than an hour, 
sample haemolysis, arterial specimen requested but 
venous sample collected, and avoidable delay in sample 
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processing greater than an hour. All these categories were 
specifically targeted by the intervention training program. 
An increase in these pre-analytical errors suggests that 
the intervention training program was incomplete and 
unsuccessful. This may be because the intervention was 
conducted as a one-time session, thereby missing the 
night shift staff, on-duty staff, any staff not working that 
day, and the laboratory staff involved in the pre-analytical 
processes. As only one intervention session was provided 
to the hospital emergency staff any significant follow-
up for the staff that attended the session was limited. 
Follow-up with individual staff members would allow 
for more targeted pre-analytical error reduction through 
targeted training. To improve the outcomes of the 
intervention, regular training interventions would need 
to be conducted. The interventions could take place on a 
monthly or bi-monthly basis, and they would target the 
ED and laboratory staff. A possible change in the ED staff 
members may have also reduced the effectiveness of 
the intervention as some staff may have left the hospital 
post-intervention and some staff may have started after 
the intervention phase was already complete.

A laboratory induction of new staff members working in 
the ED would allow the laboratory to educate these staff 
members on specimen collection issues, request forms, 
sample types, procedures, and other potential pre-
analytical errors. This would help raise staff awareness 
regarding pre-analytical processes as well as inform 
the staff about common pre-analytical errors and their 
effect on the TTP (Atay et al 2014; Piva et al 2015; 
Tapper et al 2017). Gunnur Dikmen et al (2015) reasoned 
that healthcare sites that contain a high turnover 
and an inadequate training/induction system would 
increase the number of pre-analytical errors seen. An 
intervention program targeting specific laboratory-based 
pre-analytical errors would need to be developed to 
ensure that the laboratory staff are also involved in the 
process (Gunnur Dikmen et al 2015).

A continuation of this study with increased interventions 
is warranted to reduce the total number of pre-analytical 
errors occurring at the hospital ED and laboratory. A 
reduction in the number of pre-analytical errors would 
increase patient safety, decrease TATs for pathology 
results, reduce patient length of stay, reduce duplication 
in workflow, decrease the time spent by staff fixing pre-
analytical errors, and reduce overall hospital operational 
costs (Da 2010; Kaushik and Green 2014; West et al 2017; 
Morias et al 2018). A study by Kaushik and Green (2014) 
estimated that 0.23% to 1.2% of hospital operating costs 
can be attributed to pre-analytical errors (Kaushik and 
Green 2014). Pre-analytical errors should be prevented, 
but the cost associated with preventing the error may 

outweigh the benefits. If this is the case, then the 
resources should be focused on preventing the errors that 
may cause the greatest patient harm or may provide the 
greatest benefit to the hospital/laboratory (Carraro and 
Plebani 2007; Lippi and Guidi 2007).       .

Limitations
The pre-analytical error data gathered from the 
observational and intervention studies were only from 
one site and therefore it would not be practical to infer 
that the error rates are reflective of other EDs and their 
associated laboratories. Repeating the observational 
study and intervention study at multiple sites would 
allow for the observation of trends and a baseline 
number of pre-analytical errors to be established. Some 
errors detected in this study were not detected by the 
normal quality procedures of the laboratory. The current 
laboratory quality system is inadequate for detecting 
all the pre-analytical errors that occurred during 
this studyand some of the errors detected may have  
been inconsequential.

Conclusion
The observational study found 12159 unique pre-
analytical errors over four different categories suggesting 
that an intervention targeting these pre-analytical errors 
was warranted. The survey response data showed that 
the hospital ED staff were open to a laboratory training 
program targeting pre-analytical errors. Although almost 
no statistically significant difference was observed in the 
number of pre-analytical errors pre- and post-intervention, 
this study has identified key areas of future intervention. 
These interventions would include a monthly/bi-monthly 
laboratory-run intervention program targeting the ED 
and laboratory staff, the installation of a pneumatic tube 
system to decrease TATs for laboratory testing, upgrading 
to bi-directional IV catheters, and improved laboratory 
workflows. These interventions would lead to better 
patient outcomes, decreased ED operating costs, and 
a better working relationship between the ED and the 
pathology laboratory.
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Effectiveness of oral iron supplementation for treatment of 
iron deficiency anaemia
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Abstract
Iron deficiency anaemia affects approximately 25% of the world’s population. It is a major cause of morbidity and financial 
burden on healthcare provision, both in Australia and worldwide. Iron deficiency without anaemia even more common. 
Treatment often begins with supplementation of oral iron tablets to replenish the total iron stores in the body and to 
correct anaemia. There is limited evidence about the benefits of giving iron to people who do not have anaemia. Some 
patients, including those who have not responded to oral supplements may benefit from intravenous iron and further 
investigations are needed if the iron deficiency has not been corrected. The efficacy of iron supplementation is dependent 
on numerous factors and this has been a field of interest for researchers. This literature review explores the effectiveness 
of oral iron supplementation for treatment of iron deficiency anaemia and factors affecting its efficacy.

Keywords: iron deficiency anaemia, oral iron supplementation, iron sulphate, elemental iron, intravenous infusion, 
bioavailability

Introduction
Iron deficiency is one of the most common causes of 
anaemia globally, particularly in developing countries 
such as Africa and some parts of Asia. Iron deficiency 
anaemia (IDA) is a major cause of morbidity and 
financial burden on healthcare provision, and is the 
cause of approximately 17% of the anaemias prevalent 
in the world’s population (Pasricha et al 2021). The 
World Health Organization (WHO) estimates that 8% of 
preschool children, 12% of pregnant women and 15% of 
non-pregnant women of reproductive age in Australia 
have anaemia, with iron deficiency being the major cause 
(Pasricha et al 2010). Anaemia is highly prevalent in 
indigenous communities and is an ongoing health issue. 
Studies of an Aboriginal community in Western Australia 
identified anaemia among 55% of women and 18% of men 
(Hopkins et al 1997). More than 2 decades later again in 
Far North Queensland and elsewhere in remote northern 
Australia, it was again shown that 55% of pregnant 

indigenous women had anaemia (Leonard et al 2018). 
The prevalence of IDA is higher in indigenous populations, 
especially adolescent females, with approximately 25% of 
adolescent indigenous females having IDA  in comparison to 
8-10% non-indigenous adolescent females suffering from 
IDA (Department of Health 2019). Although it is three times 
as common as iron deficiency anaemia, iron deficiency 
without anaemia is an under-recognised and undertreated  
condition (Ioannou et al 2002; Balendran 2021).

IDA disproportionately affects children and adult females 
(Coad 2014). Numerous treatment options are available 
but for many decades oral iron supplementation has 
been the first choice of treatment. Advancements 
in other treatment options such as intravenous iron 
infusion has brought into question the efficacy of oral 
iron supplementation. The effectiveness of oral iron is 
dependent on bioavailability which is the proportion 
of elemental iron that is absorbed from the tablet. The 
bioavailability of oral iron is affected by various factors 
such as diet, choice of the iron compound, and dosage, 
as well as dosing frequency, and will be discussed in this 
review with the aim to determine the most effective 
treatment protocol. The scope of this research is only 
on the effectiveness of oral iron supplementation and 
therefore other treatment options will not be reviewed in 
detail and only be referred to as appropriate.
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Background
Iron deficiency
Iron deficiency is categorised into three stages: iron 
depletion, iron deficient erythropoiesis, and iron 
deficiency anaemia (Brittenham 2018; Short and 
Domagalski 2013). Iron depletion occurs when the iron 
stored in the body is reduced but has little effect on 
the level of functional iron compounds. Iron deficient 
erythropoiesis is the restriction of haemoglobin 
production due to exhaustion of iron storage, which also 
limits the production of metabolically active compounds 
that require iron (Brittenham 2018; Abbaspour et al 
2014). At this stage, haemoglobin and haematocrit 
concentration will start to decrease gradually, but the 
morphology of erythrocytes is unaffected (Means 2020). 
In addition, other measures such as concentration of 
serum iron, transferrin saturation, and ferritin also start 
to decline, while serum transferrin concentration and 
TIBC increases. Further reduction of total iron content 
will lead to a reduction of haemoglobin by up to 2 mg/dL 
(20 g/L) or more, and eventually the development of iron 
deficiency anaemia (Means 2020).

Causes of iron deficiency anaemia
IDA is usually an acquired condition where it can occur 
as an isolated disorder, secondary to a single primary 
cause or even because of multiple pathological disorders 
(Camaschella 2019). The primary cause of IDA is due 
to insufficient intake of bioavailable iron, along with 
increased demand for iron due to growth, pregnancy, 
and menstruation. The popularisation of vegan or 
vegetarian diets further contributes to decreased iron 
intake, especially among young females (Abbaspour et 
al 2014). Blood loss is another common cause of IDA, 
from heavy menstruation in premenopausal women or 

chronic gastrointestinal bleeding caused by pathologic 
infection such as Helicobacter pylori infection commonly 
seen in the elderly (Department of Health 2019). 
Excess blood loss requires immediate attention, as each 
millilitre of blood lost results in approximately 0.5mg of 
iron loss (Abbaspour et al 2014; Short and Domagalski 
2013). In some cases, particularly in postmenopausal 
women and men, chronic gastrointestinal bleeding with 
the coexistence of intestinal diseases such as coeliac 
disease and cancer is seen. This results in dysfunction 
of gastric acid secretion, and impaired iron absorption, 
consequently decreasing iron uptake (Department of 
Health, 2019; Short and Domagalski 2013).

From infancy to adolescence, iron deficiency is mainly 
due to the increase in blood volume and lean body 
mass required for growth (Department of Health, 2019; 
Abbaspour et al 2014). Infants up to four months old are 
in a state of “iron feast” (Subramaniam and Girish 2015) 
where the iron requirement is highest due to rapid growth 
and unless approximately 30% (about 0.9-1.3 mg/kg 
body weight) of iron is supplied from the diet (Domellof 
2011) iron deficiency may develop resulting in decreased 
haemoglobin from approximately 170 g/L at birth to 
110 g/L at two months of age (Subramaniam and Girish 
2015). But the diet of this age group though is usually 
low in iron and therefore iron deficiency is common. Iron 
therapy at an early stage is critical in this age group as iron 
deficiency can lead to irreversible neurodevelopmental 
and cognitive defects (Subramaniam and Girish 2015).

The prevalence of IDA is higher in women than men, 
particularly in younger populations including children, 
adolescents, and women of reproductive age, as well 
as pregnant females (Abbaspour et al 2014). Each age 
group experiences different physiological changes and 
therefore their iron requirement will also differ (Table 1).

Table 1. Iron requirement in different age groups (National Health and Medical Research Council 2014).

Age group Estimated daily requirement 
(mg/day)

Recommended daily intake 
(mg/day)

Adolescent (9-18 years old) 6-8 6-15

Adult males (19-50 years old) 8 18

Adult males (51-70 years old) 5 8

Menstruating women (14-50 years old) 8 11-18

Pregnant women 22 27

Postmenopausal women 5 8
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In menstruating females the average daily iron loss is 
increased to approximately 2 mg each day (National 
Health and Medical Research Council 2014). Depending 
on the patient’s haemoglobin and haematocrit 
concentration, as well as their menstruation pattern, iron 
loss during menstruation can vary from 25-50 mg per 
cycle (Means 2020).

Pregnancy results in a significant increase in daily iron 
requirement to compensate for placental growth, rise in 
the red cell mass of the mother, and fetal erythropoiesis 
(Department of Health 2019; Abbaspour et al 2014). In 
comparison, postmenopausal women require a relatively 
low amount. In adults, only 5% of iron replenishment is 
required from the diet, as the breaking down of old red 
blood cells by macrophages act as a recycling system of 
iron, and therefore this age group is at relatively low risk 
(Subramaniam and Girish 2015; Abbaspour et al 2014).

IDA diagnosis
IDA is defined as iron stores and haemoglobin levels of 
two standard deviations below the normal level (Short 
and Domagalski 2013). Diagnosis of IDA is usually 
confirmed by full blood examination and serum ferritin 
concentration. Serum ferritin concentration is reflective 
of the total iron stores and is considered the most accurate 
measure of iron status (Department of Health 2019). Iron 
is stored in insoluble forms in the liver, spleen, and bone 
marrow. It should be noted that ferritin concentration 
can increase during infection or inflammation, regardless 
of a change in the level of iron stores as it is an acute-
phase protein (Abbaspour et al 2014). This increase in 
ferritin due to infection or inflammation may mask the 
iron deficiency in the patient.

The normal level of iron stored in the body is confirmed 
by the concentration of serum ferritin of > 15 µg/L. In 
contrast, a low level of 12 µg/L for children under 5, 
and < 15 µg/L for over 5 years old is indicative of iron 
depletion (Abbaspour et al 2014). As stated by WHO, 
an individual is diagnosed with anaemia when the 
hemoglobin level is 110 g/L in men and non-pregnant 
females and < 70-100 g/L in pregnant women (World 
Health Organization 2011). In conjunction, a blood iron 
concentration of < 12 µmol/L confirms the diagnosis 
of IDA (National Heart, Lung, and Blood Institute 2018; 
Camaschella 2015a). In case of iron deficiency without 
anaemia, the serum ferritin level is usually < 30 µg/L with 
a normal hemoglobin level (Camaschella 2015b).

In the elderly including men and postmenopausal 
women, routine screening, and endoscopic examination 
can be performed to confirm the other causes of iron 
deficiency such as coeliac disease and gastrointestinal 
bleeding or lesions (Pasricha et al 2021).

IDA treatment
The aim of treatment for IDA is to manage the underlying 
condition causing anaemia and iron loss, as well as to 
replenish iron stores (Elstrott et al 2020). Treatment 
options for IDA will differ in each patient depending 
on their gender, age, and the presence or absence of 
primary pathology leading to anaemia. The severity of 
anaemia or iron deficiency and symptoms, as well as the 
time available for correction of the iron store, should also 
be considered (Cappellini et al 2020).

Treatment options for IDA include oral iron 
supplementation, intravenous iron therapy, and red cell 
transfusion (Department of Health 2019; Elstrott et al 
2020). In most cases, patients with IDA are treated with 
oral iron supplementation first. Other treatment options 
such as IV infusion (Ning 2011) should be considered 
when the patient is nonresponsive or intolerant of oral 
iron therapy.

The effectiveness of oral iron supplementation is 
dependent on various factors as these affect the 
bioavailability, which is the proportion of absorbable 
iron content in the oral supplement that can be utilized 
for erythrocytosis (Stoffel et al 2020). In this review, 
the choice of the iron compound, dosage, and dosing 
frequency, as well as dietary interference with iron 
absorption is discussed.

Choice of the iron compound
In recent years, the number of supplement preparations 
has increased, with more than 100 formulations 
available over the counter in Australia. Only a handful 
however contain sufficient elemental iron to treat 
IDA (Department of Health 2019). The most common 
formulations used are ferrous sulfate and ferrous 
fumarate. Their bioavailability, effect on the regeneration 
of haemoglobin and the possible side effects are similar 
but differ in the elemental iron content. Ferrous sulfate 
contains the highest amount of elemental iron with 350 
mg (Stoffel et al 2020; Santiago 2012). It is given as first-
line treatment in most cases due to its high bioavailability 
and efficacy, along with its low cost (Abbaspour et al 
2014; Santiago 2012). Ferrous sulfate is however one of 
the compounds that often cause adverse side effects, 
especially when given in high dosage. Common side 
effects include damage to the gastrointestinal lumen 
resulting in epigastric pain, nausea, and constipation. 
This leads to reduced compliance with the treatment 
by 30-70% (Stoffel et al 2020). In addition, it has also 
been shown that plasma malondialdehyde may be 
increased by ferrous sulfate, which is indicative of lipid 
peroxidation (Zhu et al 2016; Marks et al 2014). This can 
damage tissues by increasing oxidative stress in organs, 
particularly in the liver, where iron metabolism takes 
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place. To compensate for this problem, the use of ferric 
sodium ethylenediaminetetraacetic acid (FeNa-EDTA) in 
replacement of ferrous sulfate has been proposed by the 
International Nutritional Anaemia Consultative Group 
(Zhu et al 2016). FeNa-EDTA is an iron compound that 
can be metabolised without interfering with phytates, an 
iron inhibitor found in cereals and legumes (Department 
of Health 2019; Zhu et al 2016). This allows a 2-3 times 
increase in absorption in comparison with other iron 
compounds and is regarded as the most favourable iron 
compound, particularly in developing countries where 
a plant-based diet is common (Zhu et al 2016). Recent 
studies have found that hematological status in pregnant 
women has been improved with moderate dosing of 
FeNa-EDTA (Wagner and Baran 2010).

Carbonyl iron contains over 98% of elemental iron and 
has traditionally been used for food additives as well 
as a part of mineral supplementation (Zhu et al 2016). 
A study conducted by Marks et al (2014) has shown that 
over the course of eight weeks, 45 mg of carbonyl iron 
supplementation successfully replenished haemoglobin 
concentration and was successful at treating IDA (Marks 
et al 2014). Due to its low bioavailability and its efficacy 
being high-dose dependent, it is not suited for daily use.

Other iron compounds, such as ferric iron-polysaccharide 
complexes, are also used for treatment, which is claimed 
to be more palatable and with reduced side effects, 
but there are no sufficient studies that show concrete 
evidence of efficacy (Stoffel et al 2020).

Dosage and dosing frequency
The current recommended dose of oral iron for the 
treatment of IDA widely varies, ranging from 60-220 
mg/day (Department of Health 2019; Stoffel et al 
2020; Camaschella 2019). However, numerous studies 
have shown that lower doses are more effective than 
the recommended higher dosing, exhibit fewer side 
effects in women and children, and are therefore better 
tolerated (Department of Health 2019; Camaschella 
2019). In children, this ranges from 3-6 mg elemental 
iron per day and 20-50 mg daily for adults (Department 
of Health 2019; Stoffel et al 2020). There is no current 
evidence to show that the presence of side effects is  
dose dependent.

Even though some iron compounds are effective at high 
dosage, the fraction of iron that is absorbed from high-
dose supplementation is shown to be low, which indicates 
that a large proportion will be unabsorbed (Stoffel et al 
2020). Unabsorbed iron poses problems as it can form 
free radicals in the body. The excess unabsorbed iron and 
free radicals damage tissues and disrupt the microbiota 
of the gut, altering the composition of protective bacteria 
(Abbaspour et al 2014; Stoffel et al 2020; Rusu et al 

2020). This reduces the population of beneficial bacteria 
such as Lactobacillus and Bifidobacterium (Camaschella 
2019). It also enhances opportunistic pathogens such 
as Enterobacteriaceae, which can cause gut irritation, 
inflammation, and dysbiosis (Abbaspour et al 2014; 
Stoffel et al 2020). Upon contact with oxygen, unabsorbed 
iron in the body can also form insoluble oxides that can 
accumulate in the body (Abbaspour et al 2014).

The recommended dosing frequency also varies widely, 
with some suggesting single-day dosing and others 
recommend divided dosing (Department of Health 2019; 
Stoffel et al 2020). A low dose of approximately 30-60 mg 
of elemental iron is usually prescribed in adults either 
daily or intermittently (varies from every second day to 
weekly). Though intermittent dosing is recommended 
by WHO, especially in developing countries, both are 
shown to be effective in mild IDA patients who show 
side effects at higher dosing. There is no oral supplement 
formulation that contains the recommended amount of 
iron in Australia currently, and therefore this approach 
is only available in some countries (Department of  
Health 2019).

The relationship between dosage of oral tablet dosing 
frequency and impact on hepcidin stimulation has been 
an area of interest for researchers. Hepcidin is a peptide 
hormone secreted by hepatocytes in the liver. Figure 1 
illustrates the relationship between the level of iron and 
hepcidin secretion in the liver.

Hepcidin regulates iron absorption as well as its usage 
and storage by binding to ferroportin (Abbaspour et 
al 2014; Brittenham 2018). This binding stimulates 
ferroportin metabolism that reduces cell surface 
ferroportin (Figure 1B). Decreased ferroportin limits 
the entry of iron from sites such as macrophages, 
hepatocytes, and intestinal enterocytes into plasma 
resulting in low transferrin saturation and restricting the 
delivery of iron to erythrocyte precursors (Abbaspour 
et al 2014; Brittenham 2018). It should be noted that 
even a mild increase in serum iron can activate hepcidin 
(Camaschella 2019). One study has shown that high 
oral iron administration of 60-100 mg in IDA patients 
can stimulate an acute increase in circulating hepcidin, 
especially when given on consecutive days (Stoffel et al 
2020; Elstrott et al 2020). Consequently, an increase in 
hepcidin concentration caused by iron supplementation 
reduces the bioavailability of elemental iron and restricts 
the absorption of iron from the supplement, and therefore 
high dose and frequent dosing can be ineffective (Elstrott 
et al 2020; Pasricha et al 2021; Camaschella 2019). It 
was concluded that alternate dosing of oral iron of >60 
mg should be administered to maximise iron absorption 
(Stoffel et al 2020).



Australian Journal of Medical Science May 2023 Vol. 44 No. 266

Another study conducted by Stoffel et al (2017) has 
focused on the dosing frequency. Forty women were 
divided into two groups of 20, one group with high 
frequent dosing (1 set dose of supplementation for 14 
consecutive days), and the other with low-frequency 
dosing (the same number of doses but dosing frequency 
spread across 28 days) (Figure 2A). The total and 
fractional iron absorption was measured in both groups 
and the group with less frequent dosing had improved 
iron absorption, both fractional and total (Stoffel et 
al 2017). When the scope of research was shifted to 
the dosage number, where the timeframe was set to 2 
weeks for both groups, higher total iron absorption was 
achieved by the group with high dosing frequency (Figure 
2B) (Stoffel et al 2017). From this study, it is apparent 
that oral supplementation is most effective when given 
intermittently (every second day) in high dosage.

While numerous studies have been conducted to show 
efficacy for both low and high dosages and frequencies,  
there is still no definite recommendation that can be 
applied to all patients. While treatment of IDA by oral 
iron therapy has been the gold standard for many years, 
the standardization of treatment protocol has been 
challenging due to lack of evidence (Elstrott et al 2020).

Effects of diet
The bioavailability of oral iron supplementation can vary 
greatly depending on whether it is taken with or without 
a meal as various dietary elements can interact with iron 
absorption. Generally, oral iron supplements should be 
taken on an empty stomach, at least an hour before a meal 
to maximise iron absorption and to avoid interference 
with food or beverages which lead to the formation 
of nonabsorbable complexes in the gut. Consumption 

of iron supplementation when fasting has a relatively 
high fractional iron absorption of 5-28%, whereas only 
2-13% absorption is achieved when consumed with food 
(Abbaspour et al 2014; Stoffel et al 2020). Though it is 
ideal to take oral iron without food, it is not realistic as 
many patients experience side effects such as nausea 
and epigastric pain, especially when given a high iron 
dosage (Abbaspour et al 2014). Whole grains or pulses 
are one of the common foods that interfere with iron 
absorption. They are commonly incorporated into a 
plant-based diet and have high phytic acid and phytate 
content which inhibits iron absorption even when at low 
concentrations (Stoffel et al 2020; Abbaspour et al 2014). 
Polyphenol, found in various beverages including coffee, 
black tea, herbal tea, red wine, and hot chocolate, as 
well as in some plant food, also impairs iron absorption 
in the stomach (Abbaspour et al 2014; Lynch et al 2018). 
While many iron inhibitors interfere with nonheme iron 
absorption, calcium, mainly contained in dairy products, 
can inhibit both heme and nonheme iron absorption 
(Abbaspour et al 2014).

Iron supplements taken with food or other supplements 
rich in ascorbic acid can enhance iron absorption. Ascorbic 
acid, (Vitamin C) is able to reduce ferric (Fe3+) to ferrous 
(Fe2+) iron in the gastrointestinal lumen. It also has the 
potential to chelate iron from iron absorption inhibitors 
including phytate, polyphenols and calcium (Abbaspour 
et al 2014; Stoffel et al 2020). This effect however is  
dose dependent.

On top of diets, medications that reduce gastric acidity 
usually prescribed to treat conditions such as heartburn 
and gastritis gastroesophageal reflux disease, should also 
be avoided as they may impair iron absorption (Ning and 

Figure 1. Relationship between the level of iron and hepcidin secretion in the liver. From Human Biochemistry (1st ed, p. 601), by 
G. Litwack, 2018, Elsevier. (https://www.sciencedirect.com/science/article/pii/B9780123838643000193)
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Zeller 2019). These include antacids, histamine-2 blockers, 
and proton pump inhibitors that are readily available over 
the counter (U.S. Food and Drug Administration 2021).

Intravenous iron infusion
Intravenous (IV) iron infusion is another common 
treatment option for IDA and its efficacy has been 
researched for many years. IV iron therapy is often 
administered for patients who are nonresponsive to 
oral iron supplementation despite increase in dosage 
and dosing frequency or change in iron compounds 
(Cappellini et al 2020). Patients who are intolerant to 
iron and experience severe side effects should also be 
transitioned to IV infusion. A meta-analysis conducted 
by Moore et al (2011) comparing oral supplementation 
and IV iron has reported that adverse gastrointestinal 
side effects were experienced by only 13% of patients 
who received IV iron in comparison to 32% by patients 
treated with oral iron supplementation (Moore 2011). 
In addition, IV iron may be preferred over oral iron in 
patients with a known condition causing gastrointestinal 
malabsorption, such as inflammatory bowel disease, 
chronic kidney disease, renal failure, and in some cases, 
heavy chronic blood loss (Elstrott et al 2020).

In recent studies, Elstrott (2020) and Ning (2019) have 
shown that IV iron infusion can provide faster resolution 
to IDA compared to oral supplementation and therefore 
are considered more effective (Elstrott et al 2020: Ning 
2019). IV iron therapy is found to be particularly effective 
for pregnant females as it can achieve a more complete 

correction of haemoglobin concentration (Department 
of Health 2019; Means 2020). In addition, it has been 
found that IV iron can rapidly correct haemoglobin and 
haematocrit levels synchronously and are able to produce 
a sustained haemoglobin response (Means 2020;  
Okam 2016).

In the past, IV iron therapy has been avoided mainly due 
to the risk of causing anaphylaxis in patients (Deloughery 
2019). Newer and safer formulations have been 
developed and can be administered at a relatively low cost 
(Department of Health 2019). The current formulations 
of IV iron available in Australia are iron polymaltose and 
iron sucrose (Pasricha et al 2010). Iron polymaltose is the 
most preferred formulation as it is the only formulation 
that allows a “total-dose” infusion of 1000-2500 mg of 
elemental iron, which can replenish the iron store in a 
single treatment (Pasricha et al 2010; Baird-Gunning and 
Bromley 2016). There are several limitations that should 
be considered though. Intravenous iron infusion requires 
preparation time and administration time that can be up 
to five hours depending on the formulation given which 
limits its use outside of hospital settings (Baird-Gunning 
and Bromley 2016). Patients should also be aware of the 
risk of hypersensitivity and serious infusion reactions 
which can be fatal. Hypersensitivity reactions can occur 
with any formulation but is rarely observed with non-
dextran formulations such as iron polymaltose, iron 
sucrose and ferric carboxymaltose (Baird-Gunning and 
Bromley 2016).

Figure 2. Summary of results presented by Stoffel et al (2017).
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Monitoring of treatment
After therapeutic doses of oral iron of approximately 60 
mg of elemental iron per day in adults, reticulocytosis 
should occur within 72 hours. A successful response 
will show a rise in haemoglobin of 1 g/dL (10 g/L) after 
a month (Short and Domagalski 2013). From then, 
haemoglobin levels should rise by approximately 20 g/L 
every 3 weeks. The minimum time required to correct 
anaemia and total iron store to a normal level is 3 months, 
and this can be up to 6 months in adults and 2-3 months 
in children (Department of Health 2019). While there are 
no standards regarding follow-up after the initial therapy 
for IDA, regardless of treatment choice, full blood count, 
reticulocytes, reticulated-haemoglobin content, and iron 
status should be evaluated every 3 months for a year until 
the values have increased to the normal level (Cappellini 
et al 2020; Ning and Zeller 2019). This is to determine 
whether the continuation of oral supplementation is 
required and to establish the optimal dosage and dosing 
frequency of the treatment for the patient. In pregnant 
females, haemoglobin and serum ferritin concentration 
should be measured 2-4 weeks after the initial treatment 
and should be monitored each trimester (Mirza et 
al 2018). If the indices of full blood examination are 
normal, the monitoring can be ceased after one more 
additional full blood count after 12 months (Short and  
Domagalski 2013).

Measuring the efficacy of treatment
Determination of the efficacy of oral iron supplements 
is crucial for the management of IDA. Assessment of 
response to iron therapy is usually done by a full blood 
examination and measuring the response of haemoglobin 
level after 14 days of oral iron treatment helps to evaluate 
whether the treatment has been effective or not, and if 
not, when to transition the patient from oral iron to other 
treatment options (Okam 2017). A study conducted 
by Okam et al (2017) reported that patients who have 
responded to the oral iron treatment have shown an 
increase in their haemoglobin level from baseline to ≥ 10 
g/L on day 14. Alternatively, non-responders have shown 
an increase of < 10 g/L. In addition, it has been found 
that it is unlikely for nonresponsive patients that were 
identified on the 14th day of treatment to show further 
increase in haemoglobin level (greater than or equal to 
20 g/L) with the continuation of oral iron therapy (Okam 
2017). In clinical practice, nonresponsive patients should 
consider IV infusion as an alternative treatment option.

Different treatment strategies for different 
age groups
Infants

The therapeutic dosage of oral iron differs by age. The 
treatment of IDA for infants begins with iron therapy by 

administration of oral ferrous sulfate. The recommended 
dose is 3-6 mg/day of elemental iron as this is sufficient 
for the treatment and associated with fewer adverse 
effects (Subramaniam and Girish 2015; Means 2020). 
In addition to iron therapy, dietary changes should be 
made. For children older than 12 months, consumption 
of milk should not exceed over 500 mL/day to limit 
the interference of iron by calcium (Subramaniam and  
Girish 2015).

Children and non-pregnant adolescent females

The current recommendation set by the World Health 
Organization for treatment of IDA in children from 
age of 5 to 12, and for menstruating non-pregnant 
adolescent females is 30-60 mg/day of elemental iron 
supplementation daily (World Health Organization 2016).

Pregnant females

The dosage of elemental iron supplied is dependent on 
the estimated iron stores by measuring serum ferritin 
concentration (Means 2020). Depletion in iron store is 
indicated with low serum ferritin of < 30 µg/L (Api et al 
2015). At this level, patients are usually administered 80-
100 mg of elemental iron (Means 2020). In cases of severe 
anaemia, intolerance to oral iron or in an emergency, 
IV iron is preferred as it provides rapid correction 
of haemoglobin level. However, IV iron can only be 
administered during the second and third trimesters  
(Api et al 2015).

Elderly

In older patients with IDA, improvement in diet and a 
low dose of oral iron supplementation is sufficient to 
treat the condition (Abbaspour et al 2014; Lanier 2018). 
Low dosing and intermittent supplementation have been 
shown to be effective with minimal adverse effects.

Australian guidelines
The National Health and Medical Research Council has 
determined that oral iron therapy should be the first line 
of treatment in Australia (Department of Health 2019). 
As stated in the Australian Medicines Handbook, the 
recommended dose for adults with IDA is 100-200 mg 
of elemental iron administered daily in divided doses 
(Blood Safe 2018). Depending on the formulation of 
supplementation prescribed, this is usually obtained 
from 1-2 iron tablets per day. It also advises that 
the supplementation should be taken without food 
consumption, either an hour before or 2 hours after a 
meal to maximize the iron absorption. Intravenous iron 
infusion is offered to patients who are intolerant or 
nonresponsive to oral iron therapy.
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Conclusion
Various studies have identified the benefits of oral 
iron supplementation in different dosages and dosing 
frequencies, yet the debate on the efficacy of oral iron 
is still ongoing. Though administration of high dosage 
oral iron may provide faster resolution in correcting 
anaemia, the disadvantages of intolerance and adverse 
effects outweigh the benefits. At this time, as stated in 
the Australian guideline, high dosing of approximately 
100-200 mg of elemental iron supplied in the form of 
ferrous sulfate taken daily seems to be the best way 
to treat IDA with minimal side effects. The treatment 
should be continued for a minimum of 2-3 months, 
or until the hemoglobin and serum ferritin levels are 
restored. Current research has shown the advantages 
and disadvantages of oral supplementation, however 
the results are still insufficient and vague to propose a 
defined treatment protocol. Further studies need to 
be conducted to establish a standard for monitoring as 
well as treatment strategies for different age groups to 
effectively treat IDA.
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Abstract
The aims of this study was to assess the clinical performance of the investigational product (IP) EuGeni SARS-CoV-2  
antigen-detecting (Ag) rapid diagnostic test (RDT) and AX-2X-S reader in an Australian cohort. This prospective study, 
conducted at The Alfred and Macfarlane Burnet Centre, recruited a total of 200 participants presenting for SARS‐CoV‐2 
testing. Two samples were provided – anterior nasal or combined nose/throat. The data was stratified by specimen 
type, days post onset of symptoms or viral load, and analysed using R (4.2.0) software. The sensitivity and specificity of 
the IP test against the gold-standard test, real-time reverse transcription (RT) polymerase chain reaction (RT-PCR) was 
calculated and between data subsets. A cohort of samples with different viral loads and days post onset of symptoms 
were sequenced to confirm the detected variants.

The IP detected SARS-CoV-2 with a sensitivity of 80.9% and 87.8% for anterior nasal and combined nose/throat samples, 
respectively, and 100% specificity. These increased when collecting within the first 3 days of symptom onset (92.0% and 
94.1%, respectively). Three circulating lineages of the last variant of concern (VOC), Omicron were also identified by the 
EuGeni SARS-CoV-2 Ag RDT confirming its effectiveness in a clinical context. The EuGeni research test is the first particle 
based fluorescent SARS-CoV-2 test designed and trialed in Australia.

Keywords: SARS-CoV-2, COVID-19, point of care, Omicron, lateral flow immunoassay, variants of concern

Introduction
The ongoing SARS-CoV-2 pandemic, which cause the 
COVID-19 disease, has had widespread impact on 
healthcare, both in Australia and globally. As of February 
2023, SARS-CoV-2 has infected more than 757 million 
people worldwide and resulted in more than 6.8 million 
fatalities globally (WHO 2023). Substantial overhaul of 

public health strategy has been seen across the globe, 
and some of them are still applicable today such as social 
distancing measures, mask-wearing recommendation, 
and, most importantly, anti-SARS-CoV-2 vaccinations. 
Evidence suggests that these policies have substantially 
reduced the impacts of the global pandemic (Chu et 
al 2020), however immunity derived from vaccination 
or previous infection do not entirely prevent viral 
transmission and the burden of SARS- CoV-2 in the 
community is likely to remain impacting health settings.

The gold standard for SARS-CoV-2 detection is widely 
recognized as being real-time reverse transcription 
polymerase chain reaction (RT-PCR). Although a high 
sensitivity and specificity method of detection most of 
the RT-PCR is limited to laboratory-based procedures 
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and can take hours to produce a result. An alternative is 
isothermal PCR which can reduce the time to results but 
require expensive cartridges and specialized equipment. 
To accelerate diagnosis, reduce the burden on pathology 
laboratories and clinics as well as reducing test costs rapid 
antigen tests (RATs) gained popularity with these tests 
often being of high specificity but of variable sensitivity 
(Scheiblauer et al 2021). With the arrival of Omicron into 
the community In Australia, the government invested 
in these test systems, highlighting their widespread 
acceptance as first line of COVID-19 diagnosis (Australian 
Bureau of Statistics 2022).

The latest variant of concern (VOC), Omicron, was first 
reported in 2021. Omicron and some of its subvariants 
have shown to significantly reduce the performance of 
readily available RATs (Leuzinger et al 2022; Cocherie et al 
2022; Bayart et al 2022) or provided highly variable results 
(Bekliz et al 2022) when compared to ancestral or Delta 
SARS-CoV-2 variants. Although several interpretations 
for this have been proposed, namely lower viral load in 
vaccinated individuals (Woodbridge et al 2022), sample 
site collection (Schuit et al 2022) or high number of 
mutations in the Spike protein (Chakraborty et al 2022; 
Osterman et al 2022), although evidence for the latter is 
contentious (Raïch-Regué et al 2022). Nevertheless these 
observations highlight how emergent variants can affect 
the performance of these widely used tests.

The EuGeni SARS-CoV-2 Ag RDT and associated EuGeni 
AX-2X-S fluorescent reader was developed at AnteoTech 
(Brisbane, Australia) to overcome these limitations. The 
present clinical performance study is aimed at assessing 
this immunochromatographic RAT  in a clinical setting 
while challenged with different sample collection sites 
and circulating VOCs.

Materials and Methods

Ethical approval
The ethical aspects of this research project were 
approved by the Human Research Ethics Committee 
(HREC) of Alfred Hospital Ethics Committee (EC00315) 
with all participants providing informed consent. The 
study was conducted in compliance with ICH-GCP and in 
accordance with the Declaration of Helsinki.

Study details and population
This prospective clinical performance study was 
conducted between February 18, 2022, and May 31, 
2022 at The Alfred Health, Department of Infectious 
Diseases and The Macfarlane Burnet Institute for Medical 
Research and Public Health in Melbourne, Australia. 
Participation in the study was voluntary and participants 

filled out a short questionnaire, specifying current 
respiratory symptoms, time from onset of symptoms, 
close contact status, and demographics amongst other 
demographic details.

Specimen collection
Two upper respiratory swabs per participant were 
obtained by self-sampling under the guidance of trained 
healthcare professionals. The first swab was taken by 
either bilateral anterior nasal sampling or combined 
bilateral mid-turbinate and oropharyngeal (throat) 
sampling for analysis with the EuGeni SARS-CoV-2 Ag 
RDT. The second followed the standard of care bilateral 
mid-turbinate and throat swab which was then placed 
into viral transport media (VTM) and transported to 
the specified laboratory for reference RT-PCR testing as 
per the standard of care. Recruitment continued until a 
target of 50 positive and 50 negative participants was 
obtained for each of the two sampling methods.

Diagnostic testing
Routine SARS-CoV-2 RT-PCR testing (Roche Diagnostics) 
was performed at the Department of Microbiology at 
the Alfred Hospital, as per NATA procedures, using the 
cobas SARS-CoV-2 Test (Roche) on the cobas 6800 System 
(Roche). The residual swab sample from the SARS-CoV-2 
RT-PCR test was stored at -80°C for further sequencing.

The EuGeni SARS-CoV-2 Ag RDT is an immunofluorescent 
assay for the rapid (15 minutes) qualitative detection of 
SARS-CoV-2 nucleocapsid antigen in upper respiratory 
samples in a POC setting. The test was performed 
as per manufacturer’s instructions (AnteoTech Ltd.). 
Collected swabs were transferred to pre-filled tubes of 
proprietary extraction buffer, dropped onto the EuGeni 
SARS-CoV-2 Ag RDT cassettes, and incubated before 
being read by the EuGeni AX-2X-S Reader. The results 
can be “positive”, “negative” for the presence of SARS-
CoV-2 antigen or “invalid”. If the latter, a new sample 
collection and read is recommended. All samples were 
stored at 2-8°C then transferred to lysis within 2.5 hours 
of collection and tested within the timeframe specified in 
the manufacturer’s IFU.

Next generation sequencing
Thirty patient samples across a range of viral loads 
(Cycle Threshold, Cts) were submitted for SARS-CoV-2 
sequencing by whole genome sequencing. RNA was 
extracted from samples using the DSP Virus/Pathogen 
Mini Kit (Qiagen) and sequencing performed using 
the Nextera XT DNA Library Preparation Kit (Illumina) 
on the NextSeq 2000 (Illumina) platform as per  
manufacturer’s instructions.
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Statistical analysis
Statistical analysis was performed using R (4.2.0) 
software, with population characteristics analysed as 
descriptive statistics. Sensitivity and specificity with 95% 
confidence intervals (CIs), and positive and negative 
predictive values were calculated using the RT-PCR 
results as the gold-standard reference test to determine 
the percent positive or negative agreement (PPA/PNA). 
Sensitivity was also evaluated by days post onset of 
symptoms and reference RT-PCR Ct range. For genotyping 
data, consensus genomes were generated using ivar 
1.3.1 with the 29903nt Wuhan-1 as reference, lineages 
determined using Pangolin v3.1.20, and variants called 
using minimap2, paftools call, and bcftools csq. The 
authors had full access to all the data used in the study.

Results
Swabs were collected from a total of 200 symptomatic 
and asymptomatic participants, with 100 anterior nasal 
and 100 combined nose and throat swabs tested on the 
EuGeni SARS-CoV-2 Ag RDT. Population demographics are 
presented in Table 1.

No invalid results were recorded during the study, 
with one anterior nasal swab producing an equivocal 
reference RT-PCR test result and thus was removed from 
analysis. Examples of EuGeni SARS-CoV-2 Ag RDT strip 
images across a range of viral loads are shown in Figure 
1A, along with relative fluorescence results from the 
EuGeni AX-2X-S reader raw data in Figure 1B-D.

EuGeni SARS-CoV-2 Ag RDT Performance
Out of 96 RT-PCR positive samples, 81 (84.4%) were 
detected by the EuGeni SARS-CoV-2 Ag RDT, with overall 

Table 1. Participant demographics from recruited participants.
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Figure 1. Presentation of raw data from the EuGeni SARS-CoV-2 Ag RDT. (A) Raw strip images of patient samples, 
corresponding RT-PCR results of Ct 19 (i), Ct 23 (ii), and Ct 27 (iii), along with a negative patient sample (iv). (B) 
An interpolated and normalized three-dimensional histogram of patient sample A-ii from analysis with the EuGeni 
AX-2X-S reader software (C) Two-dimensional histogram of peak relative fluorescence (RFU) for samples Ai-Aiv, 
measured in 25um intervals, and (D) the normalised and corrected RFU signal used for diagnosis.

Figure 2. Overall EuGeni performance according to viral load (Ct) for RT-PCR positive samples, combining both the anterior 
nasal sampling and combined bilateral mid-turbinate and throat nasal sampling methods. Viral load is measured by 
Ct value, with colours highlighting true positives (Blue) and false negatives (Red).
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Table 2. EuGeni SARS-CoV-2 Ag RDT performance by sample location.

Table 3. EuGeni SARS-CoV-2 Ag RDT performance by sample site, Ct range, and days post onset of symptoms. One sample with 
unknown days post-onset of symptoms and was excluded from the stratification below.

Figure 3. EuGeni results per sample type and viral load for (A) bilateral anterior nasal sampling or (B) combined bilateral mid-
turbinate and throat nasal sampling according to viral load for RT-PCR positive samples. Viral load is measured by Ct 
value, with colours highlighting true positives (Blue) and false negatives (Red).
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performance according to viral load (Ct) shown in  
Figure 2. Sensitivity for the anterior nasal samples was 
80.9% (95% CI: 67.5%-89.6%), and the combined nose 
and throat 87.8% (95% CI: 75.8%-94.3%) (Table 2). 
Distribution of sample viral loads for the contrasting 
sampling locations is presented in Figure 3. Sensitivity 
for patients at 0-3 and 4-7 days post onset of symptoms, 
along with stratification by viral load detected during 
RT-PCR (measured by Ct value) is presented in Table 
3. Sensitivities of 92.0% (CI: 75.0%-97.8%) and 94.1%  
(CI: 73.0%-99.0%) observed for the first 3 days of 
symptom onset in anterior nasal and combined nose 
throat samples, respectively, dropping to 68.2%  
(CI: 47.3%-83.6%) and 87.1% (CI: 71.2%-94.9%) after 4 
days since symptom onset. These results are presented 

in Figure 4, with viral loads stratified by sample type and 
days post onset of symptoms. Specificity was observed to 
be 100% across all samples, along with a 100% positive  
predictive value.

SARS-CoV-2 variants detected by EuGeni SARS-
CoV-2 Ag RDT
Genotyping of EuGeni positive samples identified 
that 21.1% (4/19) and 73.7% (14/19) of samples were 
Pango Omicron lineages BA.1 and BA.2, respectively. 
Additionally one sample was identified as lineage 
BA.5.2.1. The variants detected are displayed as follows 
in Table 4, along with the mean viral loads, measured in 
Ct, and days post onset of symptoms.

Figure 4. EuGeni results based on days post onset symptoms, sample type and viral load (A) bilateral anterior nasal sampling 
or (B) combined bilateral mid-turbinate and throat nasal sampling according to viral load for RT-PCR positive samples, 
stratified by days post onset of symptoms. One sample with unknown days post-onset of symptoms and was excluded 
from the stratification below. Viral load is measured by Ct value, with colours highlighting true positives (Blue) and false 
negatives (Red). Cut- offs of Ct 25 and Ct 30 are annotated.

Table 4. Pango Omicron lineage of samples identified by whole genome sequencing.
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In addition, the EuGeni test has also demonstrated to 
detect Delta and Wild Type variants (data not shown).

Discussion
This study assessed the diagnostic performance of 
the EuGeni SARS-CoV-2 Ag RDT and EuGeni AX-2X-S in 
anterior nasal or combined nose throat sampling, both 
common standard of care sampling procedures. The 
test effectively detected three circulating lineages of the 
Omicron variant of SARS-CoV-2, and up to 8 Omicron 
subvariants. The IP test also outperformed some 
COVID-19 approved RATs in terms of sensitivity (Goodall 
et al 2022; Schuit et al 2022) when testing patients 
within 3 days post onset of symptoms, for both single 
and combined specimens (92% and 94.1% sensitivity, 
respectively). From the 200 participants the overall 
sensitivity (78.6% and 87.8% for single and combined 
samples, respectively) was comparable to published data 
(Goodall et al 2022; Schuit et al 2022). In all instances, a 
100% specificity was reported.

These results suggest the EuGeni test and fluorescent 
reader may detect circulating variants at greater 
sensitivity than colorimetric approved lateral flow RATs. 
It is important to note that certain factors are known 
to influence the predictive value of an RAT/RDT such as 
specimen quality, site of swabbing, patient viral load, 
and sample handling (McCulloch et al 2020). Because 
the Australian government guidelines required that 
self-sampling be performed in this study, it is possible 
greater sensitivity could have been reported across the 
participants if health care professionals would have 
collected the samples, which is ultimately the intended 
use of the EuGeni test.

This clinical study also identified that the sampling 
location may be a contributing factor in test performance, 
as reinforced by similar studies (Desmet et al 2021; 
Goodall et al 2022; LeBlanc et al 2020; Vlek et al 2021), 
with greater sensitivity in combined nose and throat 
samples when compared to anterior nasal samples.

After 4 days from symptom onset the test lost sensitivity 
for both collections. If this was due to the shedding 
kinetics’ nature of the Omicron variant, which has 
shorter incubation periods (3-3.4 days) than ancestral 
and Delta variants (Puhach et al 2023), self-sampling 
inconsistencies exacerbated by lower viral loads after 
3 days or other variables could be further explored. 
Interestingly, combined collections performed similarly 
between 0-3 and 4-7 days post onset of symptoms than 
single sampling (median Cts), while fewer false negatives 
were observed at 4-7 days for the former when compared 
to the latter.

Some limitations of the present study include the relatively 
small cohort, lack of identification of asymptomatic 
SARS-CoV-2 patients and the small subset of patients 
with lower viral loads and later stages of disease. If these 
could be identified then knowledge on test performance 
would improve.

In summary, the EuGeni SARS-CoV-2 Ag RDT and EuGeni 
AX-2X-S fluorescence reader have shown superior 
sensitivity in the diagnosis of COVID-19 in the early 
stages of the disease than currently approved RATs in 
Australia and similar performance after 3 days post onset 
symptoms. This europium-based COVID-19 rapid tests 
could widen the available portfolio of high sensitive SARS-
CoV-2 tests in Australia, potentially improving diagnostic 
streaming and patient care management.
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Abstract
Basal cell carcinoma (BCC) is the most common human malignancy of skin and Australia has the highest incidence of 
BCC in the world. The number of advanced BCC (aBCC) cases in Australia is increasing.  However, new personalised 
medicines are now available to treat aBCC and are highly effective. Laboratory diagnosis of aBCC can be challenging 
using routine histology.  Molecular genetic tests for routine use in the diagnostic lab are not yet available. Innovative 
immunohistochemistry panels can help correctly identify this group of patients and thereby allow them access to effective 
personalised medicine. In this article, we review the epidemiology, genetics and treatment of aBCC with particular focus 
on the role of immunohistochemistry in laboratory diagnosis of this increasingly common cancer.

Keywords: carcinoma, basal cell, immunohistochemistry, precision medicine

Background
BCC is exceedingly common in Australia and the majority 
are easy to diagnose and easy to treat (Goldenberg et 
al 2016; Seidl-Philipp et al 2021). BCC is often trivialised 
and not recorded in cancer registries (Lomas et al 
2012). Furthermore, BCC is often grouped together with 
cutaneous squamous cell carcinoma (cSCC) and referred 
to as non-melanoma skin cancer (NMSC) or keratinocyte 
cancer (KC). We do know the incidence of BCC is increasing 
around the world (Lomas et al 2012). aBCC can be defined 
as a BCC where complete resection (also referred to as R0 
resection) does not appear feasible and includes locally 
advanced BCC (laBCC) and metastatic BCC (mBCC). The 
age-adjusted incidence of aBCC in the US was estimated 
as 1.83 in a recent study (Goldenberg et al 2016). In 
Australia, deaths from NMSC have almost doubled over 
the last 20 years, the majority of which are likely to cSCC 
but we do not have more granular data (Figure 1).

Incidence of advanced BCC
BCC is the most common human malignancy globally but 
the true incidence is not known as most cancer registries 
do not record it (Rubin et al 2005; Messina et al 2018; 
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Figure 1. Deaths from non-melanoma skin cancer in 
Australia over the last 20 years – Australian 
Bureau of Statistics data (https://www.abs.gov.au/ 
accessed December 2022).
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closest to the equator) has the highest incidence of skin 
cancer compared to other Australian states and territories 
and therefore the highest incidence in the world (Perera 
et al 2015) (Figure 2).

The incidence of primary BCC is high but metastatic 
BCC (mBCC) is considered a very rare event. The global 
incidence of mBCC is most often quoted as between 
0.0028% (28 mBCC cases per million) and 0.55% (1 mBCC 
case per 182) of histologically examined BCCs (Snow 
et al 1994). Pathologists tend not to consider mBCC as 
a possible differential diagnosis because it is so rare 
(Messina et al 2018). However, these global statistics were 
originally derived in 1961 and are likely outdated with the 
true incidence of mBCC likely to be higher than currently 
believed (Snow et al 1994; Wadhera et al 2006). A recent 
large population based study from the US found an age 
adjusted incidence rate of 0.04 (Goldenberg et al 2016).  
In Australia and New Zealand, studies have reported 
considerably higher rates of primary and mBCC (Tang  
et al 2017).

Sunshine Coast in Queensland has an almost unique 
combination of outdoor lifestyle (UV exposure), high 
average age, low latitude, and a predominantly Caucasian 
population, increasing absolute risk of skin cancer. The 
burden of skin cancer on the Sunshine Coast is among 
the highest anywhere in the world and the diagnosis 
of aBCC/mBCC is not a rare event – the Anatomical 

Ciążyńska et al 2021). Approximately 2 in 3 Australians 
are diagnosed with a skin cancer before age 70 (Lomas 
et al 2012; Cameron et al 2019; Ciążyńska et al 2021).  
BCC is more common in Caucasian people (Niculet et al 
2022). Australia has a large Caucasian population, many 
of whom live in a subtropical climate (Richmond-Sinclair 
et al 2009). The incidence of BCC increases inversely with 
latitude (Lomas et al 2012) and Queensland (located 

Pathology laboratory at the largest hospital in the region, 
the Sunshine Coast University Hospital, has seen at least 
6 cases over the last 5 years (personal communication) 
(Figure 3). However, separating true cases of mBCC from 
its many mimics, most of which are more common, is an 
everyday problem.

Risk factors for aBCC include male sex (~2:1), primary 
tumour site (head and neck, “mask” area, genitals), large/
neglected tumours, recurrent lesions, deep invasion  
(beyond the subcutis) and previous radiotherapy 
(Bisceglia et al 2020).

Genetics and personalised treatment of BCC
A great leap forwards was made in the understanding of 
the molecular pathology underpinning the world’s most 
common malignancy with the discovery of mutations 
affecting the human homolog of Drosophila patched 
(PTCH1) in tumours from patients with the naevoid basal 
cell carcinoma syndrome (Gorlin Goltz Syndrome). The 
human PTCH1 gene codes for the hedgehog receptor 
patched, which normally binds and inhibits smoothened 
(SMO).  SMO in turn sends a signal via suppressor of fused 
(SUFU) and glioma associated oncogene proteins (GLI1).   
The SUFU-GLI1 complex upregulates DNA transcription.  
In the context of BCC, PTCH1 functions as a tumour 
suppression gene and SMO as a proto-oncogene (Hoashi 
et al 2022).

Sonic hedgehog (SHH) is a ligand that binds to PTCH1 
and results in dis-inhibition of SMO (Cameron et al 2019; 
Kim et al 2019). Thus, this signalling pathway is known 
as the hedgehog pathway (HH pathway) (Figure 4). The 
HH pathway is crucial in normal embryo development 
and has been found to be important in carcinogenesis of 
a number of tumours including brain, liver, gallbladder, 
pancreas, stomach, colon, breast, lung, prostate and 
haematological malignancies (Jeng et al 2020). It is now 
well established that the majority of all BCCs (familial 

Figure 2. Incidence of non-melanoma skin cancers in 
Queensland vs Australian national average - modified 
from (Pollack et al 2014).

Figure 3. Core biopsy showing metastatic BCC invading bone 
(H&E, original magnification x40).
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and sporadic) have mutations of the SHH/PTCH/SMO 
pathway (Bonilla et al 2016).

The discovery of the role the HH pathway plays in human 
carcinogenesis has led to the development of treatments 
that target the that pathway.  SMO inhibitors are already 
available in Australia and have entered routine practice.  
The 2 approved drugs are Vismodegib (Erivedge, Roche) 
and Sonidegib (Odomzo, Novartis). Vismodegib was first 
approved by the US Food and Drug Administration in 
2012 and Sonidegib in 2015. Vismodegib and Sonidegib 
are effective in treating laBCC and mBCC (Sekulic and Von 
Hoff 2016).  A pooled analysis of response to Vismodegib 
from 8 studies showed objective response for laBCC 
had a weighted average of 65% and complete response 
31%; mBCC objective response was 34% and complete 
response 4% (Jacobsen et al 2016). Other HH Pathway 
inhibitors are under development. Parenthetically, 
immunotherapy (Cemiplimab) is also available for aBCC 
and is effective (Stratigos et al 2021).

Laboratory diagnosis of BCC
Basal cell carcinomas show remarkable morphological 
variability with over 60 different varieties previously 
described. BCCs are extremely common and despite 
the remarkable histological variability, the histological 
features of the vast majority of cases are so distinctive and 
familiar that simple H&E stained sections can diagnose 
most primary lesions (Swanson et al 1998). Entities that 
can mimic primary BCC include benign skin tumours 
(examples include trichoepithelioma, syringoma, tumour 
of the follicular infundibulum) (Figure 5) and other 
cutaneous malignancies (examples include squamous 
cell carcinomas (SCC), Merkel cell carcinoma, microcystic 
adnexal carcinoma, sebaceous carcinoma) (Katona et al 
2008; Clements and Khachemoune 2021) (Figure 6).  

The differential diagnosis of mBCC is different and 
includes the primary skin malignancies listed above 
but also malignancies from non-cutaneous sites, 
principally on the head and neck (examples include 
mucosal SCC, adenoid cystic carcinoma, other salivary 
gland carcinomas and nasopharyngeal carcinoma). The 
principal histological mimic of mBCC is SCC (with basaloid 
features) as these entities are both common and overlap 
histologically (Figure 7). SCC can be from either a head 
and neck mucosal primary or a cutaneous primary. The 
risk of misdiagnosis is increased with small biopsies 
(Villada et al 2018). Misdiagnosis has the potential to 
cause both overtreatment and undertreatment.

Most primary skin cancer cases are diagnosed on 
skin biopsies through routine H&E staining. However, 
diagnosis of metastatic skin cancer including BCC is usually  
achieved by core biopsy or cytology of lymph nodes and 
requires further investigation with immunohistochemistry 
to identify the epitopes and proteins of interest that are 
undetectable through routine staining.

Molecular genetic analysis of BCC has not yet entered 
routine pathology practice. A rapid and economical 
technique is currently lacking. There are 2 principal 
reasons for this. One, the majority of BCCs are easy to 
diagnose on routine H&E, therefore little emphasis has 
been placed on developing such tests for routine use.  
Two, the mutations found in BCC are highly variable, 
therefore tests which cast a broad net are necessary and 
these tend to be slow, expensive and difficult to interpret.

Immunohistochemistry and BCC
Perhaps cheap and reliable molecular test will arrive and 
transform how we classify and diagnose aBCC. In the 
meantime, an efficient and simple immunohistochemistry 

Figure 4. HH Pathway functioning normally:  Sonic hedgehog (Shh) ligand binds to patched1 (PTCH) which disinhibits smoothened 
(SMO) and signals suppressor of fused (SUFU)/glioma-associated oncogene (GLI1) mediated transcription of genes.
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panel for routine practice can enable accurate diagnosis 
and thereby gain access to personalised treatment for 
aBCC patients.

Previous studies have described several antibodies that 
show promise for the diagnosis of mBCC. BerEP4 is an 
antibody to epithelial cell adhesion molecule and was 
one of the first and perhaps most consistently used 
antibodies for BCC with some studies finding BerEP4 
expression in BCC having sensitivity and specificity 
close to 100% (Swanson et al 1998; Webb et al 2015; 
Sunjaya et al 2017). B-cell lymphoma 2 protein (Bcl2) 
is a regulator of apoptosis and has shown expression 
in BCC with high sensitivity and specificity (Swanson et 
al 1998; Zheng et al 2005; Gaballah and Ahmed 2015; 
Ramezani et al 2016). Carcinoembryonic antigen (CEA) is 
a group of related glycoproteins involved in cell adhesion. 

CEA immunohistochemistry is positive in a range of 
tumours including adenocarcinomas and SCC but is 
uncommon in BCC (Beer et al 2000; Hoang et al 2008; 
Ramezani et al 2016). Epithelial membrane antigen 
(EMA) is a mucin encoded by the MUC1 gene. EMA 
immunohistochemistry is positive in a range of tumours 
including nearly all mucosal SCC and the majority of cSCC. 
Less than half of BCC cases are positive. Therefore, it is 
most useful when negative, making metastatic mucosal 
SCC very unlikely (Ramezani et al 2016; Villada et al 2018). 
Alone, all antibodies are capable of both false positive 
and false negative errors but used in combination, they 
are more reliable. These antibodies are widely available 
and can be used in a panel approach to help identify 
aBCC (Figure 8).

Figure 5. Histological mimics of primary BCC: A. Infiltrative/
micronodular BCC; B. Desmoplastic Trichoepithelioma 
(both H&E original magnification x200).

Figure 6. Histological mimics of primary BCC: A. Infiltrative/
micronodular BCC; B. cSCC (with basaloid features) (both 
H&E, original magnification x40).

Figure 7. Histological mimics of metastatic BCC:  A. metastatic BCC in 
a lung biopsy (note bronchial cartilage at top);  B. metastatic 
mucosal SCC (from tonsil) in cervical lymph node (both H&E, 
original magnification x200).
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Figure 8. Use of immunohistochemistry and a panel of common antibodies to diagnose mBCC. A. Metastatic BCC in bone; B. 
BerEP4; C. Bcl2; D. EMA; E. CEA (all original magnification x200).

Figure 9. Use of tissue microarray (TMA) to test an antibody on a number of tumours economically: TMA containing 20 x cSCCs 
stained with antibody P63 (original magnification x4).
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There are many other antibodies that have been applied 
that show promise. These include CK20, CD34, androgen 
receptor, P63, CD10, bcl6, p16 (Zheng et al 2005), Uea1 
(Webb et al 2015), sox2 (Villada et al 2018) and more 
specialised antibodies such as adipophilin, GLI1 (Kim 
et al 2019), and MCPyV (Reisinger et al 2010). The 
right antibody panel should be tailored to the entities 
in the differential diagnosis and should always contain 
“negative” BCC markers (Table 1).

Further research is needed to identify the optimal panel 
to use in day-to-day practice that is both highly reliable 
and affordable. Tissue microarrays (TMA) offer an 
excellent way to explore this question further (Tebcherani 
et al 2012) (Figure 9). TMAs offer an alternative method 
to ‘full-face’ sections which are more cost-effective and 
efficient than single-sample tissue sections. TMAs enable 
the assessment of the expression of multiple genes and 
proteins simultaneously on large numbers of clinical 
samples on one slide. Conventional histological and 
molecular pathology techniques can be performed on 
the same TMA, enabling DNA, RNA, and protein targets 
to be analysed from defined, almost identical regions 
of tissue, a facility important in determining molecular 
pathogeneses of disease at a cellular level (Kumar et al 
2004; Jawhar 2009). Excellent reviews containing details 
of how to construct and use TMAs are available (Kumar 
et al 2004).

TMAs can be used for quality assurance purposes in 
a clinical setting, such as inter and intra-laboratory 
concordance, and are useful as initial tools to optimize and 
validate clinically relevant assays (Sabatino et al 2014). 
Today, instruments to construct TMAs are developed as 
either semi-automated or fully-automated, both have 
computer-controlled design graphical user interfaces 
for easy operation, automatic punch area selection for 
accuracy and precision.

Conclusion
We hypothesise that is it possible to design an 
immunohistochemistry panel that can help to distinguish 
aBCC from its mimics using common, inexpensive 
antibodies and thereby gain access to effective 
personalised treatment for this growing cohort of 
Australians. The panel of antibodies must be tailored 
to each case and depends on the differential diagnoses 
being considered. Further research is needed to identify 
the most effective combination of antibodies.
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Introduction
Flammable liquid is a routinely used hazardous chemical 
in the medical laboratory. The medical laboratory must 
establish and maintain relevant risk control measures to 
protect laboratory personnel when flammable liquid is 
stored and used. The main concern is fire caused by the 
ignition of flammable vapours that could burn fiercely and 
spread rapidly. The medical laboratory must implement 
relevant control measures based on the design and 
structure of facility according to AS ISO 22367:2021 to 
support the risk management specified in Clause 5.6 
of AS ISO 15189:2023. Implementation of additional 
requirements other than those stated in Table 1 may 
be required depending upon the measures required to 
reduce the fire risks. The main objective of this paper 
is to enhance the medical laboratory’s awareness of 
requirements relating to provision of relevant risk control 
measures for indoor storage of minor quantities of 
flammable liquid.

Location of storage
The medical laboratory must ensure the location can 
provide good physical security with sound environmental 
factors and does not hinder safety measures of the 
surrounding areas. The requirements may be mutually 
conflicting, such as the provisions of good security with 
adequate airflow ventilation. Specific air change rates for 
different areas are recommended by ANSI/ASHRAE/ASHE 
Standard 170-2021.

Fire hazard management
The medical laboratory must observe relevant fire safety 
precautions to reduce the likelihood of fire risk. This must 
be supported by the implementation of classification 
of hazardous areas of operations that leads to the 
modification of laboratory activities, management of 
holding volume as it relates to fire load density, provision 
of fire extinguishing capability, maintenance of electrical 

wiring to prevent dangerous outlets from sparking, and 
hazard warning display.

Method of storage
The medical laboratory must ensure the flammable liquids 
are stored inside purposely designed chemical storage 
cabinets and ‘explosive-safe’ non-sparking refrigerators.  
The chemical storage cabinet door must have a warning 
sign describing the dangerous goods that are stored. The 
flammable liquids can also be stored on shelves and racks 
equipped with edge guards at an appropriate height.

Further considerations
Guidance from Safe Work Australia (SWA) and the 
International Labour Organization (ILO) should also 
be considered by the medical laboratory. The SWA 
provides relevant recommendations relating to storage 
of chemicals (SWA 2020a), including flammable liquids 
(SWA 2020b), and the ILO provides recommendations for 
control measures for the storage of hazardous chemicals 
(ILO 1993).

The medical laboratory must provide what is reasonably 
practicable to ensure the relevant risk control measures 
for flammable liquid storage are identified, implemented, 
and displayed unambiguously for hazard communication 
to laboratory personnel.

References
Safe Work Australia 2020a. Managing risks of storing chemicals 

in the workplace. Canberra: Safe Work Australia.

Safe Work Australia 2020b. Storage of flammable liquids. 
Canberra: Safe Work Australia.

International Labour Organization 1993. Safety in the use of 
chemicals at work. Geneva: International Labour Office. 
Section 6.7, Control measures for the storage of hazardous 
chemicals; 28-29.
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Areas Action list Sources

Location of 
storage

The locality of storage does not pose negative impacts relating to:
•	 Safety of any areas on lower levels of the building;
•	 Conduct of firefighting operations;
•	 Containment of flammable vapours; and
•	 Ventilation.

Clause 2.3.1 of AS 1940:2017

The locality of storage is a secure location. Subclause 8.5.1 a) of ISO 15190:2020

The locality of storage has adequate ventilation. Subclause 8.5.1 d) of ISO 15190:2020

The locality of storage is away from direct heat, sunlight or highly 
variable temperatures.

Subclause 8.5.1 e) of ISO 15190:2020

Control of 
ignition sources

The relevant areas of operations are classified according to 
AS/NZS 60079.10.1.2022, if the volume of flammable liquids is:
•	 > 100 L in closed containers;
•	 > 25 L for decanting purposes;
•	 > 5 L in open containers for occasional use; or
•	 > 1 L in open containers for continuous use.

Clause 2.3.3 of AS 1940:2017

No uncontrolled sources of ignition in any space where flammable 
vapours is present.

Clause 2.3.3 of AS 1940:2017

Fire protection The relevant areas of operations used for decanting flammable 
liquids have:
•	 ≥ 1 portable, readily accessible, fire extinguisher(s) with a 

suitable rating for use;
•	 ≥ 1 portable fire extinguisher(s) with suitable rating for use 

must be located adjacent to the storage area; and
•	 A sign on display bearing the following words: 

'DANGER–FLAMMABLE LIQUIDS–NO SMOKING–KEEP 
FIRE AWAY'

Note. The design of the sign must meet the requirements of  
AS 1319—1994.

Clause 2.3.5 of AS 1940:2017

Quantities of 
minor storage

Appropriate packing densities are observed for:
•	 Packing Group I (≤ 50 L per 50 m2 of floor space or 

≤ 50 L in a room of ≤ 50 m2 of floor space);
•	 Packing Group II (≤ 50 L per 50 m2 of floor space or 

≤ 50 L in a room of ≤ 50 m2 of floor space); and
•	 Packing Group III (≤ 100 L per 50 m2 of floor space).

Clause 2.2.1 of AS 1940:2017 
Clause 7.3.2 of AS 2243.2:2021

Table 1. An action list for the medical laboratory to ensure the relevant risk control measures for flammable liquid minor storage 
are identified, implemented, and displayed for hazard communication.
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Method of 
storage

Flammable liquids stored outside chemical storage cabinets are 
stored on shelves or racks.

Clause 8.5.2.1 of AS/NZS 2982:2010

Flammable liquids are stored inside a closable cabinet or on a 
sturdy shelf.

Subclause 8.5.1 c) of ISO 15190:2020

Flammable liquids are stored in approved chemical storage 
cabinets.

Subclause 8.5.2 a) of ISO 15190:2020 
Subclause 11.1.2 of ISO 15190:2020

Flammable liquids are not stored on tops of chemical storage 
cabinet, on the floor, or on bench tops and in chemical fume 
hoods.

Subclause 8.5.2 e) of ISO 15190:2020

Packing Group I of flammable liquid is stored at an appropriate 
volume (≤ 2.5 L); unless they are required for daily operations and 
handled by trained laboratory personnel.

Clause 2.2.2 of AS 1940:2017

Refrigerated flammable liquids are stored in ‘explosive safe’ non 
sparking refrigerators.

Subclause 11.1.2 of ISO 15190:2020

Chemical storage 
cabinet design

The construction of chemical storage cabinet is designed to 
specifications of Clause 4.4 of AS 1940:2017.

Clause 6.3.4 of AS 2243.2:2021 
Clause 7.3 of AS/NZS 2982:2010

Chemical storage 
cabinet capacity 
(cabinets under 
benches)

Each chemical storage cabinet has an appropriate capacity for 
flammable liquids (≤ 30 L).

Clause 7.2.3 of AS/NZS 2982:2010

Chemical storage 
cabinet siting 
considerations

The locations of chemical storage cabinets are not situated one 
above the other, under stairs, or in corridors, and do not obstruct 
emergency escape.

Clause 6.3.6 of AS 2243.2:2021

The siting of chemical storage cabinets has an appropriate 
separation distance if located next to each other (≥ 300 mm of 
air-space).

Clause 8.5.1 of AS 2243.2:2021

Chemical 
storage cabinet 
(segregation in 
storage)

The chemical storage cabinet used for storage of flammable 
liquids is not to be used for the storing of dangerous goods of any 
other class.

Clause 7.6.2 of AS 2243.2:2021

Shelves and 
racks (open 
storage)

The flammable liquids are stored at an appropriate height from 
the floor (≤ 1.5 m).

Clause 6.8 of AS 2243.2:2021

The shelves used for storing flammable liquids are equipped 
with edge guards, sturdy with specified capacity, and properly 
assembled.

Subclause 8.5.2 g) of ISO 15190:2020

Display of 
hazard 
identification 
information

The entrance to a dedicated room where flammable liquids are 
stored has appropriate signage regarding dangerous goods that 
are stored.

The chemical storage cabinet door has displayed an appropriate 
signage regarding dangerous goods that are stored.

Clause 6.5 of AS 2243.2:2021

Electrical wiring 
precaution

The certification of electrical wiring of the storage facility is valid 
according to Clause 8.4 of AS/NZS 3000:2018.

Clause 4.4.3 of AS 2243.2:2021
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Australian Professional Acknowledgement of Continuing Education  
(APACE) 

3 APACE credits per set of questions will be awarded if at least 8 out of 10 questions are answered correctly.  
24 credits maximum per accreditation period claim.

Journal-based CPD No. 90 
Page 1 of 1

Questions relating to the article 'Effectiveness of oral iron supplementation for treatment of iron deficiency anaemia' at page 62 of this 
issue.

Please photocopy this page or print it from the electronic AJMS which is stored in the AIMS ‘Member Centre’ under the 
heading ‘Journal’ at www.aims.org.au. Circle your answers, then scan, and enter them as activities in the APACE diary 
under 'My CPD Record'. 

https://www.aims.org.au/online-diary

1. Iron deficiency anaemia (IDA) disproportionately affects children and adult females. True/False

2. The bioavailability of oral iron is affected by factors including diet, iron compound, dosage and 
dosing frequency.

True/False

3. In adults 50% of iron replenishment is required from the diet. True/False

4. Serum ferritin concentration is reflective of the total iron stores and is considered the most accurate 
measure of iron status.

True/False

5. The normal level of iron stored in the body is confirmed by the concentration of serum ferritin of  
>15 µg/L.

True/False

6. Ferrous sulfate contains the highest amount of elemental iron with 530 mg. True/False

7. FeNa-EDTA allows a 2-3 x increase in absorption compared with other iron compounds and is 
regarded as the most favourable iron compound.

True/False

8. The bioavailability of oral iron supplementation is not affected by whether it is taken with or without 
a meal.

True/False

9. Coffee impairs iron absorption in the stomach. True/False

10. The current Australian recommended dose for adults with IDA is 100-200 mg of elemental iron 
administered daily in divided doses.

True/False

Name: _________________________________________________________________________

Email: _________________________________________________________________________ 

A P A C E
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Australian Professional Acknowledgement of Continuing Education  
(APACE) 

3 APACE credits per set of questions will be awarded if at least 8 out of 10 questions are answered correctly.  
24 credits maximum per accreditation period claim.

Journal-based CPD No. 91 
Page 1 of 1

Questions relating to the article 'Pre-analytical errors and their prevention in an emergency department setting' at page 45 of this 
issue. 

1. Approximately 70% of all clinical decisions are based on laboratory results. True/False

2. In this study the pre-analytical phase refers to specimen collection. True/False

3. Statistical analysis of pre and post intervention error rates were analysed using Graph Pad Prism. True/False

4. Request-based error type accounted for the highest number of pre-analytical errors. True/False

5. The highest phlebotomy/collection error was sample haemolysis. True/False

6. A delay in specimen transport greater than 30mins from the ED to the laboratory was the highest 
transport-based error.

True/False

7. In this study, 2.34% pathology samples were haemolysed which is lower than the Karcher & 
Lehman error rate.

True/False

8. Switching from an IV catheter Jelco system to a system that is bi-directional may reduce the number 
of haemolysed samples.

True/False

9. A pneumatic tube system may reduce TAT. True/False

10. This study showed that there was a need for ongoing commitment to pre-analytical training to 
reduce error rates. 

True/False

Name: _________________________________________________________________________

Email: _________________________________________________________________________ 

A P A C E

Please photocopy this page or print it from the electronic AJMS which is stored in the AIMS ‘Member Centre’ under the 
heading ‘Journal’ at www.aims.org.au. Circle your answers, then scan, and enter them as activities in the APACE diary 
under 'My CPD Record'. 

https://www.aims.org.au/online-diary
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The APACE (Australasian Professional Acknowledgement of 
Continuing Education) scheme is a voluntary programme 
that recognises continuing education, formal courses and 
a wide range of professional activities which contribute to 
your professional growth.

The healthcare industry is undergoing rapid change. We are 
expected to keep our knowledge and skills up to date to 
enable us to perform to the highest professional standard. 
The APACE scheme provides a method by which your 
professional activities are recognised.

Changes to APACE due to COVID-19 pandemic UPDATE

An APACE Certificate is usually awarded on attaining 100 
CEU credits within a two year period.

As webinars and online conferences, meetings and 
workshops are all interactive, it was considered that this 
is the same as attending in person, therefore the same 
number of points will be awarded for attendance either 
virtually or face-to-face. This should enable more members 
to attend as no travelling time, costs and in some cases the 
online attendance with be without cost to the attendee.

Therefore, the extended time frame due to Covid-19 will 
no longer apply.

https://www.aims.org.au/apace
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Australian Institute of Medical Scientists

Immunohaematology Quality Assurance Program

Meet your accreditation requirements with the AIMS 
Immunohaematology Quality Assurance Program (QAP) 

•	 Designed to suit both small and large laboratories;

•	 Includes blood grouping, antibody screening/identification and  
compatibility testing;

•	 Runs bi-monthly starting in July at the beginning of each financial year;

•	 The reports provide participants' own results along with graphical 
representation of results of their peers (de-identified) allowing for easy 
comparison and analysis.

For enrolment enquiries please contact the AIMS National Office:
E-mail: programs@aims.org.au

Phone: (07) 3876 2988
Postal Address: PO Box 1911, MILTON QLD 4064, AUSTALIA

Or contact Steve Mackay:
E-mail: aimsqap@dspl.com.au
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AUSTRALIAN JOURNAL OF MEDICAL SCIENCE

Instructions to authors
The following instructions are based on the “Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals”, also known as 
the Declaration of Vancouver, and on the Australian Government 
Style manual: for authors, editors and printers, 6th edition, 2002. 
URLs were correct on September 29th, 2008.

Manuscripts that do not fully comply with the following 
‘Instructions to Authors’ may be returned for revision before they 
are considered for publication.

The Australian Journal of Medical Science (AJMS) will consider 
for publication any paper relevant to the field of Medical 
Science. Disciplines include blood banking, clinical biochemistry, 
haematology, histopathology, immunology, microbiology and 
molecular biology. Areas of general interest to medical laboratory 
scientists, including toxicology, epidemiology, public and 
community health, and professional and management issues will 
also be considered.

Papers published in the AJMS are in the form of:

•	 Review Articles
•	 Original Articles
•	 Brief Communications
•	 Technical Notes
•	 Case Studies
•	 Letters to the Editor
•	 Book Reviews

Articles submitted for publication are understood to be offered only 
to the AJMS and those accepted become the property of the AJMS.

All individuals listed as authors must have made a substantial 
contribution to the conception and design of the study, the 
acquisition of data or the analysis and interpretation of data; 
the drafting of the article or revising it critically for important 
intellectual content; and final approval of the version to be 
published. The corresponding author must take responsibility for 
obtaining permission from all the authors for the submission of 
any version of the manuscript and for any changes in authorship.

When the manuscript is submitted the authors must disclose any 
potential conflict of interest and/or commercial support.

Requirements & preparation of manuscripts
General
Articles should be submitted in electronic format to programs@
aims.org.au. If an article is too large to be submitted by email, it 
should be submitted on an or USB stick. 

Number pages consecutively commencing with the title page.

Arrange the article in the following sequence:

•	 Title page

•	 Abstract and key words
•	 Main Text 
•	 Acknowledgements
•	 References
•	 Tables - each table, complete with title and footnotes,  

on a separate page
•	 Legends for illustrations.

Authors should ensure that their manuscript communicates their 
ideas and concepts simply and clearly so that the article is easily 
read and understood. Authors are strongly recommended to refer 
to the recommendations on reporting standards as outlined in 
the statements and checklists of the CONSORT group (see: http://
www.consort-statement.org/) and similar groups such as STARD 
(see: http://www.stard-statement.org/). The principles outlined 
in these standards may be used as general guidelines and not just 
as applied to clinical trials and diagnostic studies.

Title page
The title of the article should not exceed three lines (40 characters 
per line), including punctuation and spacing. All authors must be 
identified on the title page (e.g. William Smith, Susan Yeo, …”). 
Where applicable, the title page should also include the name of 
the institution with which each author is affiliated and to which 
the work should be attributed. In the case of multiple authors, 
the name, postal address, email address, telephone and facsimile 
number of the author responsible for correspondence relating to 
the manuscript should be indicated.

Abstract & keywords
The abstract should be approximately 150 words and should 
make sense when read alone or in conjunction with the article. 
The abstract should be a concise overview that describes the 
important details of the article including the purpose of the study/
investigation, basic procedures (study subjects/experimental 
animals/observational and analytic methods) and the results and 
principal conclusions. New and important aspects of the work 
and its implications may also be included. References should not 
be included.

Three to ten keywords may be listed. Authors are advised to comply 
with the terms from the Medical Subject Headings (MeSH) list from 
Index Medicus (see http://www.nlm.nih.gov/mesh/). Keywords 
should be given below the Abstract.

Text
The style of writing should conform to acceptable English usage. 
Do not use slang, medical jargon or unnecessary abbreviations. 
Accepted spelling is the first choice given in the latest edition of 
the Macquarie Dictionary.

Wherever possible, observational or experimental articles should 
be divided into sections headed:
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•	 Introduction
•	 Materials and methods
•	 Results
•	 Discussion
•	 References

For other types of articles such as commentaries, reports and 
reviews, use an appropriate format or consult the Editors for 
guidance.  Do not include a separate section for conclusions, these 
should be given in the discussion.

Introduction
Clearly state the purpose of the article leading the reader from the 
known to the unknown. Summarise the rationale for the study and 
state the question to be answered as appropriate. Give only strictly 
pertinent references, and do not review the subject extensively.

Materials & methods
Present the materials and methods in a logical sequence. Describe 
the selection of the observational or experimental subjects 
(patients or experimental animals, including controls) clearly. 
Notification of ethics approval must be given where relevant. 
Identify the methods, apparatus and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods. Adequately 
describe new or substantially modified methods. Identify precisely 
all drugs and chemicals used, including generic name(s), dosage(s), 
and route(s) of administration. Do not identify patients or hospitals 
without consent.

Results
Present the results in the same sequence as given in the Materials 
and methods; use tables and illustrations where these will help the 
reader understand the work being presented. Do not repeat in the 
text all the data in the tables or illustrations. 

Discussion
Indicate the new and important aspects of the study and emphasise 
the conclusions that follow. Do not repeat in detail data given in the 
Results section and do not add new data. Include in the Discussion 
the implications of the findings and their limitations and compare 
the observations to other relevant studies. Recommendations 
may be included if appropriate. Link the conclusions with the 
goals of the study and answer the experimental question stated 
in the Introduction. However, avoid unqualified statements and 
conclusions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 

Acknowledgements
Acknowledge individuals who have made substantial contributions 
to the study including technical work and financial support. Authors 
are responsible for obtaining consent from all the individuals 
acknowledged by name as inclusion may be interpreted as an 
endorsement of the article’s contents.
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The AJMS uses a modified Harvard System (author-date system).

Throughout the body of the manuscript cite the author/s 
name and the publication year in parentheses as in the 
following examples:

(i)   	 Research in this area (Jones 1999) …

(ii)    It has been successfully demonstrated that (Smith and 
Brown 1981; Auteur 1995; Scienziato et al 2007).

(iii) 	 Following further investigation, Wetenschapper 
(2002 highlighted the difficulties inherent in…

Where there are three or more authors, acknowledge only 
the first author, e.g. (Smith et al 2007). For two authors the 
following style should be used: (Smith and Brown 2007).

The reference list should be in the format described below. Journal 
titles should be abbreviated in Index Medicus format (see: ftp://
nlmpubs.nlm.nih.gov/online/journals/ljiweb.pdf ) using standard 
abbreviations from the ISSN List of Title Word Abbreviations  
(see: http://www.issn.org/en/node/344) All authors should be 
given in the reference list.

Do not use abstracts as references. “Unpublished observations” 
and “personal communications” may not be used as references, 
although references to written, not verbal, communications may 
be cited (in parentheses) in the text. Include in the references 
manuscripts accepted but not yet published, designate the 
journal followed by “in press” (in parentheses). Information from 
manuscripts submitted but not yet accepted should be cited in the 
text as “unpublished observations” (in parentheses).
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Tables
Number tables consecutively with Arabic numerals and supply 
a brief title for each. Give each column a short or abbreviated 
heading. Place explanatory matter in footnotes, not in headings. 
Explain in footnotes all non-standard abbreviations used in each 
table.

For footnotes, use the following symbols in this sequence:

*    †   ‡    §    ¶    **    ††

In preparing tables, consideration should be given to the page 
width of the Australian Journal of Medical Science. All tables 
should be prepared for publication vertically. In the text, cite each 
table in consecutive order, and mark in the margin of the text its 
approximate location.

If data from another published or unpublished source is used, 
written permission must be obtained and a copy must accompany 
the manuscript.

Illustrations
Colour illustrations may be submitted on a USB stick. Images should 
be scanned at a minimum of 300 dpi. 

When plotting points, the following symbols are preferred:

 =   o 

In most instances, figures will be reduced to one column in width. 
All letters and numbers should be drawn to be at least 1.5 mm high 
after reduction, symbols at least 1.0 mm. Titles for illustrations 
belong in the legends for illustrations and not on the illustrations 
themselves. 

Photomicrographs must have internal scale markers and the 
magnification must be stated. Symbols, arrows, or letters used in 
the photomicrographs should contrast with the background.

Cite each figure in the text in consecutive order, e.g. “Figure 1 
illustrates …” or “… as shown (Figure 2)”. If a figure has been 
published, acknowledge the original source and submit with 
the manuscript written permission from the copyright holder 
to reproduce the material. Permission is required, regardless of 
authorship or publisher, except for documents in the public domain.

Legends for illustrations
When symbols, arrows, numbers, or letters are used to identify 
parts of illustrations, identify and explain each one in the legends. 
The figure legend must contain a boldface (a) name (“Figure” + 
arabic figure number) and (b) substantive title.

Abbreviations
Use only standard abbreviations (see list of commonly used 
abbreviations). 

Avoid abbreviations in the title. The full term for which an 
abbreviation stands must precede its first use in the text unless it 
is a standard abbreviation for a unit of measurement.

Report measurements in the units in which the measurements 
were made. In most countries the International System of Units 
(SI) is standard.

Commonly used abbreviations
Abbreviation or Symbol	 Standard Units of Measurement

g			   gram
g			   gravity
Hz			   hertz
h			   hour
IU			   international unit
K			   kelvin
kg			   kilogram
L			   liter, litre
m			   meter, metre
min		  min
M			   molar
mL			  millilitre
mol		  mole
N			   newton
nm			  nanometre
p			   probability 
rpm		  revolutions per min
s			   second
wk			   week
yr			   year
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and format: the CBE manual for authors, editors, and publishers. 
6th ed. Cambridge University Press, 1994.

Style manual for authors, editors and printers. 6th ed. John Wiley 
& Sons Australia Ltd, 2002.

O’Connor M, Woodford FP. Writing scientific papers in English: an 
ELSE-Ciba Foundation guide for authors. Amsterdam, Oxford, 
New York: Elsevier-Excerpta Medica, 1975.

Day RA. How to write and publish a scientific paper. Philadelphia, 
Institute for Scientific Information Press, 1979.

Zeiger M. Essentials of writing biomedical research papers. 2nd ed. 
New York, McGraw-Hill, 2000.

Matthews JR, Matthews RW. Successful scientific writing: a step-
by-step guide for the biological and medical sciences. 3rd ed. 
Cambridge, Cambridge University Press, 2007 [Also available 
in eBook format.]
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Features/Benefits

•	 Streamlined tracking and documentation;

•	 High quality multimedia content developed with the University of Washington;

•	 Over 50 hours of Continuing Education (CE) credit;

•	 Create your own tests;

•	 Upload and track your existing documents;

•	 Used by over 1,500 laboratories.

As an AIMS member you have exclusive access to the Medical Training Solutions (MTS) online clinical laboratory 
continuing education programme. Please note only current financial members of AIMS are eligible to access 
MTS. Free Student members do not have access to this resource.

Overview

AIMS purchases a yearly subscription to the Medical Training Solutions (MTS) online clinical laboratory continuing 
education programme as one of your member benefits. AIMS members receive unlimited access to the laboratory 
training and competency assessments from MTS.

MTS is accessible online from work and at home so it is most convenient to you. The laboratory training and 
competency assessment provides training, continuing education and rotating competency assessment tests 
on clinical laboratory procedures in an engaging format.

MTS adds new training courses periodically. At the moment there are more than 60 courses in the Training 
Library and over 90 presentations in the Lecture Library.

https://www.aims.org.au/member-resources/medical-training-solutions-mts/medical-training-solutions 

http://www.medtraining.org/

The Training Library covers topics in:

•	 Safety

•	 Specimen Collection

•	 Microscopy

•	 Molecular Techniques

•	 Chemistry

•	 Haematology

•	 Coagulation

•	 Microbiology

•	 Body Fluids

•	 Blood Banking

•	 Immunology

•	 and more!!

Medical Training Solutions
Online Training and Competency Assessment 
for the Clinical Lab and Point of Care
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Fellowship of AIMS

TRANSFUSION SCIENCE

CLINICAL BIOCHEMISTRY

HAEMATOLOGY

ANATOMICAL PATHOLOGY

IMMUNOLOGY

MICROBIOLOGY

GENERAL (including Core Laboratory)

Qualification for the Fellowship is by EXAMINATION 
in one of the eight disciplines.

Candidates for the Fellowship must have been 
members for a minimum of two years and must 
meet certain other criteria.

The Fellowship program is modular - candidates 
must complete:
•	 two compulsory modules
•	 two elective modules
•	 a viva voce examination
•	 a scientific diseration OR a successful 

relevant research degree thesis completed 
within the last two years (eg Honours, 
Masters, PhD); OR a relevant paper 
published in a peer reviewed journal.

To enrol in the Fellowship program or for further 
information please contact the AIMS National 

Programs Manager:

Ph: +61 7 3876 2988 
E mail: programs@aims.org.au

The AIMS Fellowship is an attractive and highly competitive option 
to academic post graduate degrees. The Fellowship is recognised 
by the Department of Health for meeting the requirements for 

supervision of category GX and GY laboratories.
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Changes to Certification arrangements for the Medical Laboratory Science Profession

From April 2023, the Australian Council for the Certification of the Medical Laboratory Scientific Workforce (CMLS) 
Board are no longer accepting applications for certifications directly. Instead, professional bodies operating CMLS 
approved CPD schemes will be able to issue certification on behalf of the Council for their members who meet the 
requirements for certification as detailed on the CMLS website.

What this means for AIMS members utilising APACE

AIMS Members using the APACE scheme to track their professional development activities can now apply to be 
certified through the AIMS National Office.

AIMS National Office will now issue Certification to APACE users who have:

•	 Completed their required CPD activities;

•	 Been issued their APACE certificate;

•	 Provided a competency assessment signed by your employer as part of your AIMS Membership.

AIMS Members will have access to their APACE record and submission system in the AIMS Members' Area.  
To get started, follow the step-by-step guide detailed at: https://www.aims.org.au/apace/certification-cmls.

Why become Certified?

Your status as a certified medical laboratory professional is a public guarantee that you are qualified, competent, and 
continuing your professional development.

If you would like more information on Certification, contact the AIMS National Office via email at: programs@aims.org.au. 
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