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LETTER TO THE EDITOR

To the Editor,

We are writing regarding the article “Who is educating
our future Medical Laboratory Scientists? A perspective
of AIMS accredited Medical Laboratory Science programs
in Australia”, published in the May & August edition
(Vol. 43, 2022) of the Australian Journal of Medical
Science (AJMS). As a group, we have taken time to
consider the findings of this study and commend the
authors for attempting to answer important questions
for the profession. However as some of the academics
responsible for the education of our future medical
laboratory scientists (MLS), we are deeply concerned
about the study design and misleading conclusions made.
We feel that the findings present academics teaching
into MLS programs in a negative light and may lead to
concerns for employers (of our graduates), other medical
scientists, recent graduates and current and potential
students, about who is teaching our future MLS and
the quality of university education provided by AIMS
accredited undergraduate Medical Laboratory Science
and Laboratory Medicine programs.

Using a voluntary, online survey the study sought to collect
guantitative and qualitative data in order to answer the
following questions:

1. What are the academic qualifications, teaching and
MLS experience of MLS academic staff in Australia
from 2019-2021?

2. What are the numbers of students enrolled and
graduated in MLS programs in Australia from 2019-
20217

3. What are the employment outcomes for MLS
graduates from 2019-20217

For the first question the study reported staff from ten
AIMS accredited programs completed the survey (31
academics) and responses from one institution account
for 29% of respondents (n=9 academics). This is a small
sample group compared to the total number of academics
teaching into MLS programs in Australia. In regard to
academic qualifications, content expertise, teaching and
leadership/coordination, the study does not discriminate
between the requirements for foundation and professional
subjects defined in the AIMS Accreditation Standards and
Procedures (AASP) (Table 1). Approximately two thirds
of the academic-related data and subjects included in
the study are for foundation subjects (usually completed
in first and second year of an AIMS accredited program)
and they should be excluded. For those subjects, there
is no requirement they be coordinated and taught by

Table 1. Foundation and professional subjects for undergraduate
Bachelor MLS programs as defined in the AIMS Accreditation
Standards and Procedures (AASP v2020) when the study was
performed. This subject list remains current and unchanged.

Foundation Subjects Professional Subjects

Anatomical Pathology/
Histopathology (including
where possible,
Cytopathology)

Biochemistry

Cell and Tissue Biology
(including Anatomy,
Physiology and Histology)
Chemical Pathology

Chemistry

Genomic Pathology
Genetics

Haematology (including
Immunology Haemostasis)
Microbiology Immunopathology

Molecular Biology Medical Microbiology

Statistics Pathophysiology (general/
systemic pathology with
emphasis on the relationship
between disease process
and laboratory diagnostic
techniques)

Transfusion Science
Work Integrated Learning

(Professional Practice, aka,
Clinical Placement)

academics with MLS qualifications and/or experience
in pathology laboratories. The AASP recognises these
subjects are common to biomedical and allied health
degrees and MLS students study these subjects with
students from non-MLS programs, which are coordinated
and taught by academics with appropriate qualifications
in the field (e.g. statistics, chemistry). The inclusion of
that data and the academics teaching those subjects, has
resulted in a significant over-representation of academics
who do not require MLS backgrounds and the data and
findings published in the article should not be used to
draw conclusions about who is teaching our future MLS.

In contrast, the professional subjects (discipline specific)
defined in the AASP (Table 1) do require the academic
and/or teaching staff to have qualifications and experience
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in MLS and diagnostic pathology. Where universities
do not have a suitably qualified academic on staff to
coordinate and teach a subject, an alternate academic
can be appointed to coordinate the subject, provided, the
design, learning and assessment is informed and taught
by external staff or partners, who are actively employed
or engaged in medical science (pathology) and undertake
ongoing professional development. These staff or partners
can hold academic, technical, part time, sessional, casual,
adjunct, industry partner and/or honorary positions.
Unfortunately, the study does not capture the significant
contribution these individuals make in all MLS programs
and only presents data from academics for five subjects
defined professional for accreditation purposes. For those
five subjects, it was not possible to determine how many
were from the same institution and/or taught within
teams from the data presented. This represents <10%
of the academics and professional subjects in all AIMS
accredited programs, who were active and teaching at
the time the study was conducted. It is a small sample
and should not be used to draw conclusions about all the
academics teaching our future MLS.

The second question the study sought to answer was
how many students were enrolled or graduated from MLS
programs in Australia from 2019-2021. For this question,
data was presented and discussed from seven AIMS
accredited programs. We agree with the authors that
care must be taken interpreting the numbers and drawing
conclusions, particularly for 2020 and 2021. This is in part
due to the incomplete data set and timing of the study
when all universities were impacted by the COVID-19
pandemic. Enrolment numbers were also collected mid-
year 2021 and do not reflect the final number of students
still active at the end of the year, and the authors did
highlight this in the study limitations. Unfortunately, the
total number shown does not allow for the differentiation
of changes in internal enrolment, stage of study (year level
or load) or the influence of leave of absence applications,
withdrawals, deferral of studies or subsequent return to
study that occurred. Nor does it capture the influence
of commencing students, who deferred their offer to
start university in 2020 and 2021, when teaching was
either fully online or via hybrid classes. This impact was
experienced and reported by many universities and non-
MLS programs in Australia and world-wide.

University and region-specific circumstances can also
explain the impact to enrolment numbers at the time the
study was performed. The Queensland-based universities
in particular (Griffith, JCU, QUT), all experienced a one-off
decrease in 2020 commencing enrolments (approximately
one third), due to the reduced intake that coincided
with the move of Grade 7 from primary to secondary
school, state-wide. This was reported by all Queensland

universities, not just those with AIMS accredited MLS
programs. In 2021, all universities in Australia also
reported a pause and/or decrease in international student
enrolments, when new and returning students were
unable to enter the country when the borders closed for
international travel. We would also like to clarify that the
overall 12.1% growth reported in the article for 2021 is
not due to the new program at Charles Sturt University
(CSU), and that is a misinterpretation of the enrolment
numbers CSU provided. When CSU introduced their new
program structure, commencing (new) and continuing
students were all transferred (enrolled) into the new
program, and the increased numbers noted represent an
internal CSU growth (14% or n=9 students). Considering
this and that Queensland universities account >50% of
the numbers in the study, we query the accuracy of the
growth rates calculated, as well as the author’s call for a
longitudinal study to investigate limited program growth
based on the rate this study reported (0.8%). There was
also no data collected or evidence presented to support
the suggestion students were springboarding from
MLS into other health or medical programs, and that
statement should be interpreted as the author’s opinion,
not a finding investigated or supported by the study.

The third question the study sought to answer was how
many graduates obtained employment (part, or full
time) during the same time period. For this question we
would like to draw the reader’s attention to the figures
presented for each program (Table 1 in the published
article). Other than 2020 for QUT and RMIT (who were
particularly impacted by the Melbourne lockdowns),
all programs report >75% graduate employment, with
most reporting near or 100% full employment annually.
These are good outcomes for the graduates and indicate
the majority have secured employment before they
finish university and/or find work within weeks or
months of graduating. As such, we are confused by the
reasoning for the need for “a focussed plan to improve
retention of MLS graduates and provide better support
for the profession to improve graduate employability
is required by both the university and AIMS”. This again
appears to be author’s opinion and the study design and
data presented did not investigate nor provide evidence
to support this statement. Communication with those
involved in AIMS accredited programs through various
forums would confirm that all programs report similar
graduate outcomes, including those that did not take
part in this study. The reporting and discussion of year
to year enrolments, student demographics and graduate
outcomes to our industry and laboratory partners occurs
at all Program Advisory Committee (PAC) meetings held
by AIMS accredited programs. The PAC is composed
of at least 75% external members (e.g. senior and/or
supervising scientists, laboratory managers, workplace
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training and professional placement coordinators)
representing central, metropolitan, regional and rural
pathology laboratories for all disciplines (if possible),
along with an academic(s) from another AIMS accredited
program and recently graduated and current students.

With regard to the final conclusions, unfortunately the
knowledge attained and published from the study has
not provided a better understanding of who is teaching
our MLS students. We wish to take this opportunity to
make clear that all MLS programs with (or seeking) AIMS
accreditation are required to provide resumes, work
history and pathology laboratory experience details for
all staff who teach into and/or contribute to the learning
design of MLS programs (holding academic, technical, MLS,
full time, part time, sessional, casual, adjunct, industry
partner or honorary positions). Accredited programs
are also required to report changes to professional
subject teaching staff in annual program reports and
during on campus accreditation/reaccreditation visits.
This allows the AIMS Accreditation Panel to continually
assess, monitor and ensure standards are being met and
appropriately qualified people are teaching our students.

We acknowledge the authors have sought to answer
important questions with this study and published
findings; however, both should be interpreted with care.
There are issues and limitations associated with the timing
of the survey and low participation rate, leading to a small
sample size and inaccurate enrolment numbers. This
has resulted in misleading statements and conclusions
about the enrolment numbers and who is teaching our
MLS students. Redesigning (and redeploying) the survey
and study to differentiate foundation and professional
subjects and capture the contribution our industry- and
laboratory-based partners and staff make. A more detailed
investigation in enrolments, study loads, year levels and
decisions students made regarding their studies (deferral,
leave of absence, withdrawal) and/or completing and
graduating in 2020 and 2021 based on Academic Census
and end of year numbers, would better answer the
questions this study sought to investigate.

Sincerely,

Ms Anne-Marie Christensen (AC)

Senior Lecturer of Haematology
Queensland University of Technology
Email: annemarie.christensen@qut.edu.au

Dr Brian Dale (BD)

Senior Lecturer of Haematology
University of South Australia
Email: brian.dale@unisa.edu.au

Dr Denise Jackson (D))

Professor of Laboratory Medicine
RMIT University

Email: denise.jackson@rmit.edu.au

Ms Ailie Ross (AR)

Lecturer of Biomedicine
James Cook University
Email: ailie.ross@jcu.edu.au

Dr Donna Rudd (DR)

Associate Professor of Biomedical Sciences and
Molecular Biology

James Cook University

Email: donna.rudd@jcu.edu.au

Dr Abishek Santhakumar (AS)
Associate Professor of Haematology
Charles Sturt University
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Dr Indu Singh (IS)

Professor of Haematology
Griffith University

Email: i.singh@agriffith.edu.au

Mr Steven Weier (SW)

Senior Lecturer of Clinical Biochemistry
Queensland University of Technology
Email: s.weier@qut.edu.au

Contributor declarations

Contributors and signatories have been listed
alphabetically by surname and can be contacted as
corresponding authors. Along with being academics, all
are also Members or Fellows of AIMS. Those who also
hold current and active roles/positions with AIMS at the
time of writing are as follows: AC is a Director on the
AIMS Board, Vice President of AIMS and QLD State Branch
Deputy Chair. BD is a Director on the AIMS Board, has
been an Accreditation Panel member and is Deputy Chair
of the SA & NT State Branch. DJ is a Director on the AIMS
Board and President of AIMS. AR is Deputy Chair of the
QLD Tropical Division. DR is a Director on the AIMS Board
and Chair of the QLD Tropical Division. AS is a Director on
the AIMS Board, Chair of the Sub Education Committee
and Chair of the NSW and ACT State Branch.

Australian Journal of Medical Science February 2024 Vol. 45 No. 1



ORIGINAL ARTICLE

The impact of COVID-19 on blood transfusion services at Colonial
War Memorial Hospital, Suva, Fiji

Nishal Murthi, Shamal Chand, Aruna Devi
Fiji National University, School of Health Sciences, Department of Pathology and Medical Laboratory Science, Suva, Fiji

Abstract

The aim of this study was to find the impact of COVID-19 on transfusion services at Colonial War Memorial Hospital, Suva.
The objectives were to identify trends in blood donation and its management before and during the pandemic, and to

look at strategies for recruiting donors during the pandemic.

The data collected demonstrated an 8.8% (n=690) decline in donations between the years 2019 to 2020 with a 4.69%
(n=336) decline in donations between 2020 to 2021. The findings suggest that the major cause of the decline was due
to COVID-19 lockdowns and movement restrictions. Demographics e.g. age of donors were also evaluated to find blood
donor deferral and age of donors with the findings showing the age category of 16-45y to be common for deferrals as

well as for donation.

A strategic approach needs to be formulated for scenarios like the COVID-19 pandemic to implement working policies.

Keywords: COVID-19, blood donations, deferrals

Introduction
Background

In December 2019, the first cases of coronavirus disease
were reported in Wuhan, China and after countries
around the world started reporting similar cases, a global
pandemic was declared by the World Health Organization
(Chen et al 2020). Increases in the case numbers led
to various restrictions and measures being imposed.
The imposed restriction impacted various sectors
including health and one department in particular was
the blood service department. The impact COVID-19
had on blood services was quite evident in Saudi Arabia
as a severe disruption in blood supply and demand
was noted in the five major cities (Hakami et al 2020).
The impact faced was reported to be led by poor planning
and management of blood stocks during the pandemic
(Gehrie et al 2020). The adoption of new strategies in
a resource-constrained blood center can lead to well-

Address correspondence to:
Nishal Murthi
E-mail: nishal.murthi@gmail.com

managed blood stock levels and an improvement in blood
supply (Biswas et al 2021). Fiji, like other Pacific countries,
is resource-constrained and when pandemics like
COVID-19 strike, a major burden falls on the transfusion
service. To address the issues of blood supply and
demand, new strategies and policies need to be adopted.

In March 2020, Fiji reported its first COVID-19 case, and
as case numbers increased, restrictions and lockdowns
were imposed. The country had two major lockdowns —
one in 2020 and the other in 2021 (Ministry of Health and
Medical Services, 2022). The restrictions greatly impacted
the health sector. The country’s largest medical facility,
the Colonial War Memorial Hospital (CWMH), carries out
numerous surgeries and transfusions daily. The blood
required for these relies solely on the blood service
department at CWMH. The constraints the blood services
faced during the pandemic can be shown through the
data available on the blood supply and demand within the
period of the pandemic.

Blood donations save countless lives, however when
pandemics like COVID-19 strike, the significant impact is
faced by the blood service department along with the
challenges that follow. To understand the magnitude of
this impact, this study evaluated trends in blood donations
while looking at the adoption of blood management
policies and changes to donor recruitment. This study
also evaluated common deferral causes along with donor
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demographics to potentially target the population for
donor recruitment that could be undertaken during
similar scenarios like the COVID-19 pandemic.

Aim

A systematic review by Chiem et al (2022) was conducted
to find the impact COVID-19 had on blood transfusion
services worldwide (Chiem et al 2022). Thirty-eight
articles were reviewed and a significant decrease in
blood donors was noted throughout the different regions
of the world. The impact of COVID-19 on blood stocks
around Fiji was highlighted in a news article in 2022
which described the challenges faced by blood services
in donor recruitment as the pandemic kept donors away
and the non-government organization, the Red Cross,
had to intervene to help create awareness on the blood
shortages faced (Critical blood shortage in Fiji, 2022).

While there is currently no available data or publications
that can show the impact COVID-19 had on the blood
stocks in the country, a comparative analysis of data
from the pre-COVID phase and during the COVID phase
will supply such evidence of the impact COVID-19 had on
blood transfusion services at CWMH. This study evaluates
the deferral reasons to find the common causes, and
looks at strategies to undertake in response to this. The
study also highlights the adoption of strategies that
were taken in recruiting donors during the pandemic
and how effective these strategies were. Lastly the study
examines the major issues faced during the pandemic
and recommends how these issues can be addressed to
help prepare for a similar scenario.

Objectives

1. To determine the blood donation trends at CMWH
before and during the pandemic.

2. To compare the management of blood components
at CMWH before and during the pandemic.

3. To identify donor recruitment strategies undertaken
during the pandemic at CMWH.

Methods

Collection of primary data

Approval of the research proposal from the College
Human Health Research Ethics Committee (CHHREC) was
undertaken. Upon approval from CHHREC (ID:036.22),
the consent of the currently serving blood service staff
for voluntary participation in the interview was gained.
The staff being interviewed were given an information
sheet (Figure 1) and reassured that their names were not
used in this research; instead, a unique code was given.
The participants had the option of opting out at any time

during the interview. The interview was conducted in
the presence of the supervisor. The feedback collected
through the interview questionnaire was compiled and
evaluated in excel spreadsheets.

Collection of secondary data

The secondary data were collected in three separate log
sheets for component usage, donation trend, and donor
deferrals and this was also approved (CHHREC 1D:036.22).

The data from the log sheet were entered into excel
spreadsheets and checked for duplication. The data were
analysed and used to evaluate the chi-square to find
significance.

The analysed data were interpreted as below:

1. The datafrom blood services were used to determine
the demographics, such as the age and gender, of
donors during and before the COVID-19 Pandemic
(January 2019-March 2022) while looking at the
trend in donations.

2. Data collected on the donor deferral rates were used
to show the common reason for deferrals during the
pandemic (March 2020—March 2022).

3. The data collected from the blood bank were used
to determine the usage of blood components: red
blood cells, platelets, fresh frozen plasma, and
cryo-precipitate during and before the COVID-19
pandemic (January 2019—March 2022).

The inclusion and exclusion criteria are shown in Table 1.

Study design

Mixed methods, which includes a cross-sectional and
qualitative study.

Study setting

The study was conducted in the blood service and blood
bank departments at CMWH.

Study population or sample

The data were collected from registers available in the
blood service and blood bank departments, and an
interview was carried out with the blood service staff.

Ethical consideration

Data collected was stored in an encrypted file on a USB;
the USB was kept with the primary supervisor. All donor
information collected is kept confidential. No donor name
was used; instead, a unique code was given to each donor.
There was no intervention or direct contact with donors
as all the data were collected from the registers.
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INTERVIEW INFORMATION SHEET

Research Title: The impact of COVID-19 on blood transfusion services at Colonial War
Memorial Hospital Suva

Primary Investigator: Nishal Murthi

The details of the study are provided as below. If there are any clarifications or queries on any
part of the study which is unclear you can ask me for the clarifications.

Purpose of Research

I wish to carry out an interview on your perspective on blood donor recruitment and the
challenges faced during the COVID-19 pandemic. The information will be used to address the
objective on strategies implemented and impact faced by the blood donor services during the
pandemic.

Participant Selection

You are selected for this interview of being a blood service staff and having a first-hand
encounter with donors during and prior to the pandemic.

Voluntary Participation

It is up to you to decide whether or not to take part. If you do decide to take part and approve in
taking part in the interview, you will be given this information sheet to keep and be asked to sign
a consent form. You are free to withdraw at any time and without giving a reason.

Risks
There is no risk involved. The interview sheet used will not have your name; instead a unique

code will be given.

Benefits

The information provided by you in the interview will help in identifying the gaps and
challenges faced during the pandemic in blood services and also help in describing the blood
donor turnout trend.

Confidentiality

The information collected from this research project will be kept confidential. Your names will
not be used in this research. The information provided will be kept with me and my research
supervisors in a locked cabinet and will only be used as the intended research.

Thank you

Figure 1. Interview information sheet.
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Table 1. Inclusion and exclusion criteria.

Inclusion

¢ Data from January 2019-March 2022 was
collected.

o Interview of blood service stall was
Conducted.

Exclusion

& Data before January 2019 was not used.

« Nonterview of donors was conducted.

Confidentiality

All interviewees” names were kept confidential
and were not wused in the study. The data
collected will be stored in a locked cabinet for 7 years,
after which the data will be shredded.

Results

Blood donation trend

A total of 23436 blood donations were recorded from
January 2019 to March 2022. The data demonstrated a
decline of 8.8% (n=690) in donation between the years
2019 (n=7860) to 2020 (n=7170) and a 4.69% (n=336)
decline in donation between 2020 to 2021 (n=6834) as
restrictions were imposed upon the increase of COVID-19
cases in the country.

The re-emergence of COVID-19 in the community caused
lockdowns and donations of blood declined from March
2021 as the blood services faced a critical low.

June has shown to be the month with the least donations
throughout the years (Figure 2). A notable change in
donation was seen as of July 2021 with the uplifting
of certain borders and hospitals returning to normal
operation with rescheduled surgeries. The contingency
plan for recruiting donors showed promising results as
more donors stepped in to donate.

Blood donations increased after January 2022 (n=1572)
this was a result of the uplifting of complete lockdowns
and a gradual return to normalcy (Figure 2).

Blood Donation Trend

900
800
700
600
500
400
300
200
100

Number Donated

March
662
617
679
668

Jan Feb

=$=2019 762 526
e 020 657 562
=9=2021 540 597
2002 211 633

April
127 769
607 702
462 446

w9=2019 =9=2020 =

June July  August  Sept Oct Moy Dec
589 187 122 679 708 473 456
385 17 647 547 637 552 540
191 622 628 693 663 726 587
Months
2021 2022

Figure 2. Blood donation trend: January 2019-March 2022.
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Blood component usage

A decline in all blood component usage was noted each
year as the outbreak of COVID-19 led to a decrease in
elective surgeries. The limited supply in blood components
led to the prioritization of components to the treatment
of patients depending on need.

An 89% (n=641) reduction in packed red cells were noted
between 2019 (n=7233) to 2020 (n=6592) and an 88%
reduction (n=581) was noted between the periods of
2020 to 2021 (n=6011). Red cell components show the
most decline in usage from the month of May to July 2021
as this was commonly used in elective surgeries that had
to be rescheduled due to the pandemic.

Platelet concentrate showed a 28% (n=460) decline
between 2019 (n=1620) to 2020 (n=1160) however there
was an increase of platelet use of 0.09% (n=1) between
the years 2020 to 2021 (1161). Platelet usage did not
show a decline during the pandemic period as the usage
increased slightly from the previous year.

Fresh frozen plasma showed a reduced use of 20%
(n=343) between 2019 (n=1739) to 2020 (n=1396)
and a 18% (n=245) reduced use between 2020 to 2021
(n=1151). Cryoprecipitate showed a 30% (n=136) decline
in usage from 2019 (n=451) to 2020 (n=315) and a
19% (n=60) reduced use from 2020 to 2021 (n=255).
Both fresh frozen plasma and cryoprecipitate showed a
decline in usage during the pandemic period with the
reduced supply components prepared on as need basis.
The decline was noted due to the lockdowns
imposed and the rescheduling of most elective
surgeries. However, all blood component usage
tends to increase after January 2022 as blood donation
returns to pre-pandemic level (Figure 3).

Donor deferral: March 2020-March 2022

A total of 2066 deferrals were recorded during the
pandemic period from March 2020 to March 2022.The
deferrals were categorized into three causes; physical,
history and personal as shown in Table 2.

Physical causes were the main reason for most deferrals
during this period. The common deferrals due to physical
causes comprised of donors having low haemoglobin
levels and low or high blood pressure. Low haemoglobin
was noted to be slightly common in the female donor
population. In contrast, low and high blood pressure was
shown to be more common in the male donor population.

Donors on medication was the common reason for deferral
in the history cause as this comprised of individuals taking
medication for chronic conditions like diabetes, high
blood pressure and with some taking medication for flu-
like symptoms.

Personal causes varied from self-deferral, donor not
having enough rest or donor did not have a meal before
donation. These were due to lack of awareness on the
criteria required for blood donation and this prevented
potential donors from donating.

The highest number of deferrals were recorded in
2021, as in this year COVID-19 cases peaked in the
central division (Table 3) Uncertainty and fear set in,
fewer donors turned up, and restrictions brought
a halt to donations, and most donations were
through mobile drives in unrestricted areas.

Donor demographics

The following figures show the number of donations of the
two genders against their age categories. Age categories
between 16-25, 26-35 and 35-45 have shown to be the
common categories for most donation in both genders
when compared to age categories 46-55 and 56-65. The
following results indicate that donation was common
in the younger to the middle age category regardless
of gender.

Males tend to show a higher donation of blood compared
to female donors and this may be a result of females being
deferred mostly due to the low haemoglobin (Table 2).

Figures 5-7 demonstrate the donations trend by age
during and before the pandemic and as shown in the
figures, a significant decline of donations was noted in all
age categories following March 2021 as restriction were
imposed and COVID-19 cases started to increase.

The male donor population recorded its highest number in
blood donations in March 2021 across all age categories.
This was due to scheduled elective surgeries; however,
after the announcement of community outbreaks of
COVID-19, blood donations decreased drastically. A
steady decline was noted on the female donor population
across all age groups as the cases peaked.

There was a significant peak in the age category between
56-65 in June 2019 as this shows the highest blood
donation of the male population and this was due to
the recruitment of healthy donors for family-based
replacements of donor units.
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Figure 3. Blood component usage January 2019 to March 2022.
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Table 2. Causes of deferral.

Personal Cause

2020 2021 2022
Did not have a meal 8 8 2
Did not have enough rest 10 4 0
Difficult vein 1 2 2
Fasting 0 0 1
Feeling weak 0 0 1
Over age limit 2 0 1
Self-deferred 7 8 3
Total 28 22 10
History Cause
2020 2021 2022
Abscess 7 10 0
Accident 0 1 0
Admitted 4 0 0
Allergy 1 3 0
Asthma 10 6 2
Attending medical clinic 2 0 0
AVI 1 0 0
Blisters 2 0 0
Bloody stool 1 0 0
Breast feeding mum 3 7 1
Bruise 0 0 1
Chest pain 2 1 1
Chronic cough 21 6 6
Cold 1 0 1
Cold sores 0 1 0
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Consumed alcohol 0 4 0
Diabetic 4 4 2
Drugs 1 0 0
Ectopic pregnancy 0 1 0
Eye infection 0 1 0
Fish poisoning 1 0 0
Gout 1 0 0
Heart problem 0 1 0
History of transfusion 1 0 0
HTN 0 2 0
Infected wound 0 1 0
Infectious disease 15 2 2
Injury 1 2 3
Knee swelling 0 1 0
Lapse in menstruation 0 21 8
Last donation less than 3 months 12 6 1
Lesion on finger 1 0 0
Liver abscess 1 0 0
Lump 1 0 1
Medical condition 11 1 0
Menstruation (not 2 weeks) 31 41 15
Mild stroke 1 0 1
Miscarriage 1 0 0
Not ABO blood group specific 23 17 10
On antibiotic 4 6 0
On medication 68 24 11
Open wound 33 12 5
Piercing 2 2 2
Pregnant 1 1 0

Australian Journal of Medical Science February 2024 Vol. 45 No. 1




Pregnant delivered less than 6 weeks 1 0 0
RHD 1 1 0
Ringworm 1 0 1
Sinuses 1 0 0
Skin disease/rash 23 8 2
Sore throat 2 0 2
Surgery 3 2 0
Swabbed for COVID 0 1 0
Swollen LEG 0 2 0
Symptomatic of COVID 0 0 1
Tattoo (less than 6 months) 14 12 5
Tooth extraction 1 0 0
Travel history 2 0 0
Underwent medical treatment 0 1 0
Total 318 212 84

Physical Cause

2020 2021 2022
Body pain and fatigue 1 0 0
High blood pressure 90 181 80
High blood pressure and low Hb 0 1 0
High blood pressure and on medication 0 1 0
High body temperature 1 0 0
High temperature and low Hb 0 1 0
Low blood pressure 91 77 43
Low Hb 290 355 120
Low Hb and High blood pressure 0 8 12
Low Hb and Low blood pressure 7 9 0

Australian Journal of Medical Science February 2024 Vol. 45 No. 1



14

8000
7000
6000
5000
4000
3000
2000
1000

Number Donated

Overage limit 0 5 0
Underage limit 0 2 0
Underweight 5 7 0
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Total 487 650 255
Table 3. Number of deferred donations by year and cause.
Causes 2020 2021 2022 Total
Personal 28 22 10 60
History 318 212 84 614
Physical 487 650 255 1392
Total 833 884 349 2066
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Figure 4. Donation age and gender category (January 2019-March 2022).
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Figure 8. Donor deferrals during the pandemic (March 2020-March 2022).

Age and gender deferrals

Figure 8 shows the deferral rates seen in the two genders
against different age categories during the pandemic
period. It is evident that deferral rates of some age
categories varied from others across both the genders
during the pandemic.

The two genders show that the age categories with
the highest deferral rates were ages between 16-25y,
26-35y, and 36-45y. This is shown to be similar to the age
categories with the highest blood donations made during
the period, and this indicates a potential correlation
between the deferral rates and those willing to donate.

Interview

The interview was conducted with the five members of
staff that made up the Department of Blood Services
on the impact of COVID-19 on blood donation and the
strategy undertaken to recruit donors.

The interview response was coded on common themes
and evaluated to show the common response among the
interviewees. Fear of infection and restrictions showed
a similar cause for lower blood donor turnout. The fear
of contacting COIVD during the visit was highlighted in
the interview as the individuals were also not aware of
the safety measures that were set up for a safer donation
(Table 4).

Discussion

The first cases of COVID-19 were reported in March
2020 which led to the major cities and towns of the
larger island of Fiji into a lockdown. The cases declined
and by December 2020 the nation was on the verge of
re-opening to international travel and return to normal
day-to-day operations. On April 19th, 2021, the first
case of community transmission was announced and
a nationwide lockdown was imposed again. During the
periods of lockdown, restrictions were in place such as no
gathering, maintaining social distances, and the closing
of schools and non-essential businesses (Ministry of
Health and Medical Services, 2022).

This study aimed at evaluating the impact COVID-19
had on the blood transfusion services by analyzing the
supply and demand of blood products during and before
the pandemic. The data collected from blood services
on blood donations showed a decline each year, as an
8.8% decline was noted between the years 2019 to 2020
and a 4.69% decline between the 2020 and 2021 period.
A notable decline in blood donations was captured during
the period of lockdown from April 2021 to June 2021, in
which blood donations were critically low (Figure 2). A
similar result was noted in Maharashtra, India, where
blood donor turnout dropped as social distancing and
restrictions were imposed. This also led to a decline in
blood components (Dhote & Srivastava, 2021). Social
restrictions, lockdowns, and the closure of schools,
universities, and workplaces had put a halt to blood
drives also seen in Hong Kong, which led to a decline in
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Table 4. Perspective of blood service staff on blood donor recruitment during the pandemic.

Questions Participants' response Outcome
% (n)
1. What impacts donors from donating Fear of infection 100 (n=5/5)
during the COVID-19 pandemic?
Lock-down 60 (n=3/5)
Restrictions 100 (n=5/5)
2. In your opinion, how can donors be Through donor databases 100 (n=5/5)
recruited for emergency blood needs?
Home to home donor recruitment 40 (n=2/5)
3. In your opinion, what is the suggested Awareness 80 (n=4/5)
solution to overcome the blood
shortage? Targeting age specific groups 40 (n=2/5)
Family-based replacement 40 (n=2/5)
4. Is there any strategy in place for Hospital staff donations 60 (n=3/5)
recruiting donors in the COVID-19
pandemic? Screening (Temperature check, app etc.) 80 (n=4/5)
Target non-restricted areas 20 (n=1/5)
5. Are there any changes implemented NO 100 (n=5/5)
on the donor criteria form, following
the COVID-19 pandemic. If so, what COVID-19 vaccination status to be included | 60 (n=3/5)
changes have been implemented?

blood donations (Leung & Lee, 2020).

In addition to the lockdown, a major contributing factor
was fear as this deterred donors from donating and
the majority of donations that came were family-based
replacement donors. The other contributing factors were
restrictions and lock-down (Table 4). A study by Saud et al
(2022) on the Saudi population addressed the knowledge
and awareness of blood donors on COVID-19 as well as
the reasons preventing individuals from donating. The
findings showed that most potential donors feared the
risk of COVID-19 transmission (Saud et al 2021). Similarly,
in Greece, following the first cases of COVID-19, a drastic
decline in blood supply was noted. This was driven
by imposed restrictions and the fear of the unknown
(Gkirtsou et al 2022).

The ages and genders of donors were evaluated to
find the common age category of the blood donor
population. The evaluation showed that 86% (n=19210)
of the donations were recorded by male donors between
January 2019 and March 2022, whereas 14% (n=3112) of
the donations were recorded by female donors during
the same period (Figure 4).

This finding demonstrated a statistically significant
difference in donations by gender distribution
(P=0.01826). This could be due to more males
presenting for blood donations before and during
the pandemic. The results have shown to be
common in other studies such as India as male
donors tend to show the highest number in total blood
donations (Raghuwanshi et al 2022).

The higher number of blood donations were the age
groups 16-25y, 26-35y and 36-44y when compared to 45-
55 and 56-65 years old (P < 0.00001) in the male blood
donor population. The age category of female donors
between 16-25y, 26-35y and 36-44y demonstrated
statistical significance (P=0.004416) when compared
to the 45-55y and 56-65y age group (Figures 5-7).
The same age category showed the highest number
of deferrals during the pandemic (Figure 8). A similar
result was noted in Iran on the deferral of donors during
the COVID-19 pandemic, as the same age category of
25-34y and 35-44y showed the highest rates of deferrals
when compared to the other age groups (Mohammed
et al 2020). A study in the University of Calabar teaching
hospital compared donation trends between the COVID
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and pre-COVID periods in which they noted that the age
category that had the highest number of blood donations
was between 15-29y and 30-44y (Ogar et al 2021). It can
be concluded that this donor population category in Fiji
is quite similar to that seen in other countries. The age
category between 16y and 25y needs to be targeted
as this can help to increase blood donations. This age
category also tends to show the least number of deferrals
when compared to the number of turnouts in other age
categories and with proper education and awareness,
donor turnout could increase.

The management of blood component usage was
evaluated and a significant reduction in blood component
usage was noted during the period of pandemic. An 89%
reduction in red cell usage was noted between the years
2019 to 2020 and an 88% was noted between the periods
2020 to 2021. Platelet concentrates showed a 28%
decrease in usage between 2019 and 2020. However,
there was a slight increase in platelet use of 0.09%
between the years 2020 and 2021. Fresh frozen plasma
showed a 20% reduced use between the years 2019 to
2020 and an 18% reduced use between 2020 to 2021.
Cryoprecipitate showed a 30% reduction in use between
2019 and 2020 and a 19% decrease between 2020 and
2021 (Figure 3). The main reasons for the reduced usage
were due to the COVID restrictions in place as there were
only admissions of patients with critical conditions or
in dire need of a blood transfusion. Surgeries had to be
re-scheduled due to the restrictions and availability of
blood products. Other contributing factors were hospital
outbreaks and staff getting infected with the virus.

The measures taken by countries in studies showed the
adoption of policies to reduce blood component usage
during the pandemic. Policies implemented to decrease
elective surgeries demonstrated reduced blood product
usage (Gniadek et al 2020). A similar result was noted
in a study conducted by Flegel (2020) as blood supply
declined. Alternative options such as lowering the
number of elective surgeries and component usage have
been established through the adoption of new policies. A
study conducted at Tan Tock Seng Hospital in Singapore
also saw a decrease in blood supply demand during the
pandemic as effective measures such as postponing
elective surgeries and lowering bed occupancy were
undertaken (Fan et al 2020). Studies have shown that
effective measures taken resulted in a well-managed
blood supply level. However, no adoption of policies or
strategy was in place during the pandemic at CMWH.
Surgeries were rescheduled due to restrictions and a
decline in blood stock levels. and blood component usage
tends to increase after January 2022, as surgeries were
rescheduled, with overseas medical teams conducting
major surgeries in the country.

The deferral causes were also evaluated to find the
common reasons for deferral during the pandemic in
which physical causes showed the highest deferral rate
67% with low haemoglobin and low blood pressure as
the commonest causes. During the pandemic, high blood
pressure was also seen to increase by 50% from 2020 to
2021. This was also highlighted during the interview of
the blood service staff, in which it was noted the blood
pressure of the regular donors during the pandemic
showed an increase when compared to previous
donations before the pandemic. The age category that
showed an increase in blood pressure was between 36-
45y and 46-55y. This was shown to be common in male
donors as a 79% of total high blood pressure deferral rate
was recorded between the two genders.

Low haemoglobin deferral was shown to be common
in females in 2020, but in 2021 the deferral rate due to
low haemoglobin was high in males when compared
to females. The deferral trend seen in 2022 followed a
similar trend; as of March 2022, high blood pressure alone
reached 44% of total deferrals while low haemoglobin
had reached 66% of total deferrals when compared
to 2021. Low blood pressure deferrals were noted to
decrease by 15% between 2020 and 2021.

Through the interview, the perspective of the blood
service staff provided an understanding of donor
motivation and recruitment during the pandemic. It was
identified that donors were recruited through donor
databases (100%) and home-to-home donations (40%)
during the pandemic. The blood service staff raised
issues that there was a lack of awareness (100%) of the
public on the safety measures in place for a safe donation
with minimal risk of infection and protocols on social
distancing maintained. A similar scenario was seen when
a survey was conducted in seven European countries
(Denmark, Germany, France, UK, Italy, Portugal, and
Netherlands) by Torsten et al (2021) to understand the
motivation of blood donors during the pandemic. The
results showed a decline in the donation trend, in which
the researchers noted that the cause was this lack of
awareness (Torsten et al 2021).

The approach undertaken by the blood services at
CWMH was to defer donors during the pandemic on
temperature screening and symptoms that were related
to COVID-19. Other implementations were to target non-
restricted areas for donor recruitment. In the pandemic,
the hospital underwent a lockdown due to an outbreak
of COVID-19 amongst hospital staff. A suggested measure
was to take blood donations from staff that were within
the premises. This would have been through a set of
screening measures along with the donor criteria adopted
during the pandemic to identify potential donors.
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Through the interview it was noted that there were no
changes made to the donor criteria form following the
pandemic. It was highlighted that there are suggestions
for looking into changing some of the donor recruiting
criteria. A major setback in the criteria form was
recruiting donors after vaccination, as it was still unclear
when donors could donate after getting their vaccination
dose. A well-structured form can therefore help identify
potential donors during times of pandemics or major
outbreaks.

Limitations

There was no data available on donors recruited for the
month of May and August at blood services due to the
data being lost during transition from tent (out-center)
screening to in-center. The data from the blood bank was
utilized on the number of donors screened during these
months, this limited the study as there was no age and
gender information captured.

Conclusions

The world underwent a devastating pandemic that
caused economic and social disruption. The health sector
was one of the major sectors affected as supplies were
running low and the number of patients hospitalized
was increasing daily. The blood service department
at CMWH faced a similar situation as seen around the
world; blood stock levels drastically declined with a
lower donor turnout. The fear of the unknown deterred
people from coming forward to donate. Other imposed
restrictions made it difficult for those who were willing to
donate. Blood donations were solely relied on by family
replacement, and most family members were hesitant to
come out during the pandemic.

Blood component usage rates declined with the
pandemic as major surgeries were rescheduled; however,
no policies were in place that controlled the regulation
of blood components during the pandemic. Adoption of
policies have been evident in other studies to manage
blood products during the pandemic and a structured
system can be beneficent not just for COVID but other
similar scenarios the country undergo like a measles
outbreak and natural disasters like cyclones.

Donor deferral rates saw a drastic incline as the
community outbreak increased. The common causes of
deferral were low haemoglobin and low or high blood
pressure. The age categories of 16-25y ,26 35y and 36-
45y showed the highest numbers of donations as well as
deferral rates. Other age categories like 16—25y can be
targeted in getting potential donors. This can be achieved
through proper education and planning.

The study has highlighted the major impacts of
COVID on blood transfusion services at CWMH in
which a strategic approach needs to be adopted
for scenarios such as the pandemic, as studies
have shown that the adoption of policies has
worked in combating the pandemic regarding blood
supply and demand.

Recommendations

A strategy or a policy should be in place for the regulation
of blood components and elective surgeries during the
pandemic or in other such scenarios. The adoption of
guidelines has shown to work during these times, as
studies have revealed that the approaches taken have
been effective in showing a well-managed blood stock.

Blood donor recruitment guidelines need to be
established. These guidelines can help in identifying
potential donors as well as provide safety to the blood
service staff and make the recruitment process less
stringent. The process of donor recruitment was quite a
challenge as the protocols were not documented.

Blood donations needs to be targeted with age categories
as the donor age criteria has changed from 18-60y to 16y
to 65y. The age category 16y to 25y needs to be targeted
as a significant rise was shown as the change in donor
age criteria was implemented. This can be achieved by
targeting secondary schools and university students, with
proper awareness and information provided about blood
donation.

Common causes of deferral such as low haemoglobin
and high blood pressure needs to be addressed while
recruiting donors; this could be by recommendations
made on their diet or lifestyle. This could not only be as a
recommendation but also as a motivation for
donors to return for donation after making
these changes with a follow-up sent through email or
messages to the deferred donors.
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Abstract

The gut microbiome is complex and diverse and consists of bacteria that can be difficult to grow due to challenges in
mimicking the natural gut environment in vitro. While molecular techniques have been used to identify gut bacteria,
the culture and isolation of gut bacteria in the laboratory is still considered an essential step for the interpretation of
metagenomic data and to gain a better understanding of the role of gut microbiota in human health.

There have been significant advances in the cultivation of gut bacteria in recent years however a large percentage of gut
bacteria, particularly anaerobes, remain difficult to culture. This systematic review was undertaken to determine what
culture methods have been used to isolate and identify various gut bacteria from human stool samples. Novel approaches
that have been developed to overcome some of the challenges associated with traditional culture-based methods are

also discussed.

Keywords: gut microbiota, anaerobes, gut bacteria, microbiome, bacterial culture

Introduction

The gut microbiota

The human gastro-intestinal (Gl) tract harbors
approximately 10" microorganisms, mostly bacteria
but also viruses, fungi, and protozoa. The number of
bacteria in various parts of the intestine can vary with
the highest number found in the large intestine. The total
number of microbiota are thought to outnumber host
cells by at least a factor of 10 (Conlon and Bird 2014).
It is therefore not surprising that the three million genes
plus encoded by microorganisms compared to the human
genome of about 23,000 genes, play a crucial role in host
physiology and health (Valdes et a/ 2018; Belkaid and
Hand 2014). The Gl tract is also the largest compartment
within the human body where host tissues interact with
the external environment (Alkanani et al 2015).

Molecular techniques have revealed that 90% of the
gut microbiota is composed of four major microbial
phyla: Firmicutes, Bacteroides, Proteobacteria and

Address correspondence to:
A/Prof Thiru Vanniasinkam
E-mail: tvanniasinkam@csu.edu.au

Actinobacteria (Bibbo et al 2017), with the most prevalent
genera of bacteria in the human gut being Bifidobacterium
spp., Lactobacillus spp., Bacteroides spp., Clostridium spp.,
Escherichia spp., Streptococcus spp. and Ruminococcus
spp. (Conlon and Bird 2014). The beneficial contribution
of gut microbiota is well recognised and contributes
to faecal bulk and metabolic functions, especially
fermentation and absorption of undigested carbohydrate,
and produces physiologically important products such as
short chain fatty acids (SCFA), vitamins and lipids (Conlon
and Bird 2014). However, some end products of protein
metabolism such as ammonia, phenols and hydrogen
sulphide can be toxic (Conlon and Bird 2014).

There is growing evidence suggesting that the interaction
between the environment, the gut microbiome and
the host can contribute to the development of several
diseases, such as non-alcoholic steatohepatitis(Rojo
et al 2017). In an optimal immune system—microbiota
partnership there is a symbiotic relationship between
the two and the exposure to microorganisms helps in
the development of an effective immune system, which
adapts to provide protective responses to pathogens
and tolerance of innocuous antigens (Belkaid and
Hand 2014). The gut microbiota protects against the
over-growth of pathogenic organisms and helps maintain
the integrity of the intestinal wall and contributes to
metabolic functions (Alkanani et al 2015). Several studies
found an altered composition of the gut microbiota is
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associated with the development and progression of
disorders including diabetes ( making the gut microbiota
an important area for research over the last few decades
(Bibbo et al 2017; Pereira and Cunha 2020).

Culture-dependent methods in gut microbiota
research

Bacterial culture methods, first developed by Louis
Pasteur and Robert Koch from the mid-1800s to early
1900s, represent the initial methods used to study
microorganisms (Bonnet et al 2020). The development of
anaerobic cultivation techniques in the 1960s and 1970s
was a major breakthrough in the study of gut microbiota
allowing the cultivation of many species of fastidious
intestinal bacteria that microbiologists had not been able
to isolate earlier (Lagkouvardos et al 2017).

Research advanced dramatically with the advent of
sequencing technologies, expanding our knowledge
of the diversity of the human gut microbiota (Lagier
et al 2012). The discovery of new species and strains
with molecular-based methods highlighted that a large
number of gut microbiota are not readily isolated with
traditional culture methods (Sommer 2015). The gut
microbiota is complex and diverse (Chen et al 2019) and
consists mostly of anaerobic bacteria (Rettedal et a/ 2014).
It also has other characteristics, such as the requirement
for factors produced by other microbes, interspecies
competition/inhibition, dormancy and slow growth.
Some of these characteristics have been associated
with the challenges in growing some gut bacteria (Cross
et al 2019). Following years of focussing on molecular
methods for the identification of microorganisms that
have been difficult to isolate using culture techniques,
cultivation methods have more recently been considered
a key step to gain a full understanding of the role of
human gut bacteria in health and disease (Chang et al
2019; Goldman et al 2022).

More recent approaches such as culturomics, have
been used by scientists to grow several species of
gut bacteria that were not previously detected by
molecular techniques (Sommer 2015). In the culturomics
approach, microorganisms from clinical specimens
such as faeces are grown using a wide range of media
and growth temperatures, increasing the chances of
growing fastidious bacteria as various bacteria may
grow under different conditions. This approach can be
time consuming as it requires bacteria to be grown in
media under a range of conditions some of which may
include extended incubation times. High-throughput
identification methods such as MALDI-TOF MS mass
spectrometry and 16S rRNA gene sequencing are used to
rapidly identify any organisms that are cultured by this
technique (Lagier et al 2015; Lagier et al 2018). More

recently an automated culturomics method that involves
the use of robotics to study colony morphology and
genomics has been described and this may reduce the
time taken to isolate and identify organisms making this
method more attractive for the identification of novel gut
microbes (Huang et al 2023).

With the growing appreciation of the importance of
isolating intestinal bacteria, there has been a major push
to improve standard culturing approaches and develop
innovative culturing methods to isolate members of yet
uncultivated gut bacteria and has become a major field
of interest (Chang et al 2019).

This paper aims to review studies that have been
published on methods used to culture human gut
microbiota, focusing on anaerobes which are generally
difficult to isolate and grow in the laboratory.

Method

This systematic review was performed according to
the PRISMA standard guidelines for meta-analyses and
systematic reviews (Moher et al 2008). A literature
search and review of published articles was conducted
to find relevant papers for this review. The search
was conducted on PubMed and databases accessed
via WorldWideScience. The search terms used were
“human”, “gut”, “microbiota”, “bacteria”, “anaerobes”,
“anaerobic”, “cultivation”, “culture”” culturomics”,
“methods”. The search was limited to articles published
between 2010 and 2022. From the search results, the
titles, abstracts, and methods of published papers
were examined. Once duplicates had been eliminated,
920 papers were identified using these search terms.
Of these, only primary literature relating to original
research studies using culture-dependent methods to
grow and isolate human gut microbiota and those that
included details on the media used were included in the
review. This led to a total of 66 papers being identified for
inclusion in this review. The process of selecting papers
for this review is described in Table 1.

Results and Discussion

After reviewing the literature, it was found that a range
of media with various culture conditions was used with
variable success. Identification of bacteria isolated using
culture methods predominantly involved molecular
methods such as sequencing the 16s rRNA gene (Table 2).

The papers were underpinned by the theory that
all microorganisms are potentially “cultivable” with
the appropriate conditions to isolate them. Two
early pioneering studies (Goodman et al 2011;
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Table 1. Process of identifying and selecting suitable papers to include in the review. Various search terms as shown
were entered into databases such as PubMed and WorldWideScience in order to identify suitable publications.
Papers were excluded when they did not include primary data and/or did not include details regarding culture
techniques and information on media used to grow microorganisms.

Search Terms:

“human”, “gut”,
“microbiota”, “bacteria”,
“anaerobes”, “anaerobic”,
“cultivation”, “culture”,

"oulturomics” “methods”

Records identified through
database searching:
PubMed (116), WorldWideScience
(436]), ASM Journals (369)
(n=521)

Additional records identified
through other sources
(e.e. Google Scholar)

l l

Records after duplicates removed
(n=920)

|

Records screened Records excluded
(n=561) — ™ (n=469)

l

Full-text articles assessed Full-text articles excluded,
for eligibility EE— (n=26)
(n=22}

l

Studies included in
gualitative synthesis
{n=6a)
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Lagier et al 2012), support this and demonstrate that
novel gut bacteria could be isolated with extensive
culturing approaches.

Commonly used media

While many types of media were used across the studies,
it was apparent that some media were more commonly
used than others and these include Brain Heart
Infusion Agar, Columbia Agar, Gifu Anaerobic media,
Gut Microbiota Medium, MacConkey Agar and Tryptic
Soy Agar (Figure 1). Further details on media and culture
conditions described in the papers are listed in Table 2.
Most of these are media that are relatively affordable
and easy to access in any microbiology laboratory. They
were often modified though to suit growth requirements
of various bacteria. This suggests that while researchers
were able to use commonly available media that would
usually be used to cultivate a range of bacteria, the
successful isolation of difficult to isolate gut bacteria was
dependent upon the use of modifications including the
addition of specific components such as antibiotics or 5%
sheep blood well.

Some studies have focussed on extended periods of
enrichment as seen in Chang et al (2019) who performed
a 30-day continuous enrichment in blood culture bottles

in their study and found that having an extended
enrichment step ensured a better isolation of different
bacterial species when fresh medium was added to
the enriched culture (Chang et al 2019). It was clear
that many researchers went to significant lengths to
test various growth conditions before they were finally
successful. This highlights the single biggest disadvantage
to bacterial culture which is the length of time required
to obtain a pure culture.

The most widely used growth temperature was 37°C and
anaerobic growth conditions were used as the aim was to
isolate anaerobes. The addition of CO2 to the incubation
atmosphere was described in some studies; either 5%
(Lau et al 2016) or 2.5% (Dubourg et al 2013).

In most cases incubation periods ranged from 48hrs to up
to a week. Less commonly incubation periods of a month
or more were reported (Caputo et al 2015; Dubourg et al
2013). Identification of isolates was mostly by 16S rRNA
gene sequencing followed by MALDI-TOF. The list of all
media reported in studies reviewed in this paper are
listed in Table 2.

Most frequently used media

Brain Heart Infusion
B Chocolate agar (CHOC)
1 Gifu Anaerobe Media (GAM)
MacConkey agar (MAC)
Mueller Hinton Agar (MH)

Tryptic soy agar (TSA)

Yeast Casitone Fatty Acids Agar (YCFA)

® Brucella Agar

B Columbia agar

® Gut Microbiota Medium (GMM)
Man Rogosa Sharp (MRS) agar
Schaedler agar

Wilkins Chalgren agar (WC)

Figure 1. Chart of the most commonly used media for culturing the microbiota samples.
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Table 2. Culturing media and conditions for isolation of faecal bacteria from human stool samples?.

Culture Medium

Pre-incubation?

Ethanol pre-treatment

Addition of antibiotics

Filtration

Culturing conditions
(Atmosphere, incubation
temperature and
incubation time)

Identification methods and related
information

Reference

Actinomyces
Isolation Agar (AIA)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Agar-Agar Medium

Anaerobic atmosphere
Incubation temperature
and time: not available

16S rRNA gene sequencing

(Zou et al 2019)

All Culture Agar
(AC)

Anaerobic atmosphere
Incubation temperature
and time: not available

16S rRNA gene sequencing

(Zou et al 2019)

Anaerobe Agar

Anaerobic atmosphere
37°C

2 days, 1 week, 2 weeks,
and 1 month

MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

(Dubourg et al 2013)

AT (Peptone, Beef
Extract, NaCl)
Medium

Anaerobic atmosphere
Incubation temperature
and time: Not available

16S rRNA gene sequencing

(Zou et al 2019)

Bacteroides Bile
Esculin Agar (BBE)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers: 341F (CCTACGGGAGGCAGCAG-)
and 926R (CCGTCAATTCCTTTRAGTTT)

(Ito et al 2019)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

(Lau et al 2016)

Baird Parker Agar

Not available

16S rRNA gene sequencing

(Carroccio et al 2021)
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Beef and Liver Agar
+ 5% Sheep Blood +
Metronidazole

100 pg +
Vancomycin 100 pg

Anaerobic atmosphere
37°C

2 days, 1 week, 2 weeks
and 1 month

MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

(Dubourg et al 2013)

Bifidobacterium
Selective Media
(BSM)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG-3') and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2015)

Anaerobic atmosphere

Incubation temperature: Statistical anaylyses of bacterial counts (Mikkelsen
not available et al 2015)
2-3 days

Anaerobic atmosphere Bacteria morphology, Gram staining,

37°C catalase and oxidase tests, and growth (Drago et al 2012)

72 hours

under selective conditions

Bifidobacterium
Selective Media
(BSM), modified

Not available

16S rRNA gene sequencing

(Carroccio et al 2021)

Bordetella Agar

Aerobic atmosphere with

2.5% CO,
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
MALDI-TOF MS
Aerobe atmosphere with Clone sequencing
2.5% Co, 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

Brain Heart Infusion
Agar (BHI)

Aerobic atmosphere
37°C
24 hours

Anaerobic atmosphere
37°C
72 hours

16S rRNA gene sequencing

Region: V4

Primers/Sequences:

515F/806R (TCCTACGGGAGGCAG CAGT/
GGACTACCAGGGTATCTAATCCTGTT)

(Cha et al 2018)
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Anaerobic atmosphere
55°C

Incubation time: not
available

Aerobic atmosphere
57°C

Incubation time: not
available

MALDI-TOF MS

(Caputo et al 2015)

Aerobic and anaerobic

16S RNA gene sequencing

atmosphere Complete 16S RNA gene sequencing by (Torres-Sanchez
37°C Sanger method et al 2021)
72 hours
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
57°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks,
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

Anaerobic atmosphere
Incubation temperature
and time: not available

16S RNA gene sequencing

(Zou et al 2019)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers: 341F (CCTACGGGAGGCAGCAG-)
and 926R (CCGTCAATTCCTTTRAGTTT)

(Ito et al 2019)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Aerobic and anaerobic

Whole Genome Sequencing (WGS),

atmosphere phylogenomic identification, and specific (Lopez-Moreno
37°C gene-encoding searches et al 2022)

72 hours

Aerobic atmosphere MALDI-TOF MS

55°C 16S rRNA gene sequence

24 hours, 48 hours then Region: V6 (Lagier et al 2012)?
once a week for up to Primers: 917F (GAATTGACGGGGRCCC)

2 months and 1391R (GACGGGCGGTGWGTRCA)

Anaerobic atmosphere MALDI-TOF MS

37°C 16S rRNA gene sequence

24 hours, 48 hours then Region: V6 (Lagier et al 2012)

once a week for up to
2 months

Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)
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Anaerobic atmosphere

MALDI-TOF MS
16S rRNA gene sequencing
Clone sequencing

55°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Anaerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

Anaerobic atmosphere
37°C
5 days

5% CO: atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Anaerobic atmosphere

MALDI-TOF MS

0.8 um Filtration

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

37°C Metagenomics (Diakite et al 2019)
24 to 72 hours
Anaerobic atmosphere MALDI-TOF MS
37°C Metagenomics (Diakite et al 2019)
24 to 72 hours
Aerobic atmosphere
Brain Heart Infusion 37°C MALDI-TOF MS (Caputo et al 2015)
(BHI) + NaCl 1 g/ Incubation time: not
available
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Brain Heart Infusion
(BHI) + NaCl 3 g/I Aerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers: 917F (GAATTGACGGGGRCCC)
2 months and 1391R (GACGGGCGGTGWGTRCA)
MALDI-TOF MS
Clone sequencing
Brain Heart Anaerobic atmosphere 16S rRNA gene sequencing
Infusion (BHI) 37°C Region: V6 (Dubourg et al 2013)
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MALDI-TOF MS
Clone sequencing

Brain Heart Anaerobic atmosphere 16S rRNA gene sequencing
Infusion (BHI) 37°C Region: V6 (Dubourg et al 2013)
5 um Filtration 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
Brain Heart Infusion 37°C Region: V6 (Dubourg et al 2013)
(BHI) + NaCl 15 g/L 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
Brain Heart Infusion 37°C Region: V6 (Dubourg et al 2013)
(BHI) + NaCl 1 g/L 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
Brain Heart Infusion 37°C Region: V6 (Dubourg et al 2013)
(BHI) + NaCl 3 g/L 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Brain Heart Aerobic atmosphere
Infusion (BHI) + 37°C MALDI-TOF MS (Caputo et al 2015)
5% Sheep Blood Incubation time: not
available
MALDI-TOF MS
Clone sequencing
Brain Heart Anaerobic atmosphere 16S rRNA gene sequencing
Infusion (BHI) + 37°C Region: V6 (Dubourg et al 2013)
5% Sheep Blood 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Brain Heart Clone sequencing
Infusion (BHI) + Anaerobic atmosphere 16S rRNA gene sequencing
5% Sheep Blood + 37°C Region: V6 (Dubourg et al 2013)

Metronidazole
100 pg +
Vancomycin 100 pg

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)
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Anaerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

Infusion (BHI)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

Brain Heart Infusion 37°C Region: V6 (Dubourg et al 2013)
(BHI) + Vancomycin 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
Brain Heart 37°C Region: V6 (Dubourg et al 2013)

Brain Heart
Infusion (BHI)
Supplemented with
5 g/L Yeast Extract
+ 1 g/L Cysteine

+ 15 mg/L Hemin
(only in agar)
(BHlych)

Anaerobic atmosphere
37°C
3-7 days

16S rRNA gene sequencing primers
27F (AGAGTTTGATCMTGGCTCAG) and
1492R (TACGGYTACCTTGTTACGACTT)
were used to amplify part of the

16S rRNA gene

(Fenn et al 2017)

Brain Heart
Infusion (BHI)
Supplemented with
5 g/L Yeast Extract
+0.5 g/L Cysteine +

Anaerobic atmosphere
37°C
3-7 days

16S rRNA gene sequencing primers
27F (AGAGTTTGATCMTGGCTCAG) and
1492R (TACGGYTACCTTGTTACGACTT)
were used to amplify part of the 16S

(Fenn et al 2017)

Brain Heart Infusion
(BHI), NaCl 3 g/L

Anaerobic atmosphere
37°C

2 days, 1 week, 2 weeks
and 1 month

5 mg/L Hemin + rRNA gene
1 g/L Cellobiose
+1 g/L Maltose
(LYHBHI)
MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

(Dubourg et al 2013)

Brain Heart Infusion
(BHI) + Cellulose

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing
Regions: V4-V5

(Goldman et al 2022)

Brain Heart Infusion
(BHI) + Pectin

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing
Regions: V4-V5

(Goldman et al 2022)

Brain Heart Infusion
(BHI) + Starch

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing
Regions: V4-V5

(Goldman et al 2022)
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MALDI-TOF MS

Clone sequencing

Brain Heart Aerobic atmosphere 16S rRNA gene sequencing
Infusion (BHI) + 37°C Region: V6 (Dubourg et al 2013)
5% Sheep Blood 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Bromocresol Purple Anaerobic atmosphere MALDI-TOF MS

Lactose Agar (BCP)

37°C
48 hours

16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Aerobic atmosphere
37°C
48 hours

MALDI-TOF MS
16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Brucella Agar

Aerobic atmosphere

37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not

available

Aerobic atmosphere

37°C MALDI-TOF MS (Pfleiderer

1 day, 1 week, 2 week et al 2013)

and 1 month

Aerobic and anaerobic

16S rRNA gene sequencing
Primers/Sequences:

atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)
72 hours F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)
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Aerobic atmosphere with

MALDI-TOF MS

Clone sequencing

2.5% CO, 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
Buffered Charcoal and
Yeast Extract (BCYE) RP2 (ACG GCT ACC TTG TTA CGA CTT)
Aerobic atmosphere with
2.5% CO,
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Anaerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence (Samb-Ba et al 2014)
Buffered CYE 48 hours Region: V4-V5
Differential Agar
Aerobic atmosphere MALDI-TOF MS

37°C
48 hours

16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Aerobic atmosphere

37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
MALDI-TOF MS
CaCO3 Agar Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Microaerophilic
Campylobacter atmosphere MALDI-TOF MS (He et al 2010)
Blood Agar (CBA) 42°C
48 hours
Cefsulodin-Irgasan- Anaerobic atmosphere 16S rRNA gene sequencing
Novobiocin Agar 37°C Regions: V3-V4 (Ito et al 2019)

(CIN)

24 hours

Primers: 341F (CCTACGGGAGGCAGCAG)
and 926R (CCGTCAATTCCTTTRAGTTT)

Chemically Defined
Medium (CDM)
(2x concentrate)

Anaerobic atmosphere
37°C
2 days

16S rRNA gene sequencing
Regions: V3-V4

(Peterson et al 2022)

Anaerobic atmosphere
37°C
3-4 days

16S rRNA gene sequencing
Regions: V3-V4

(Peterson et al 2018)
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Chocolate Agar
(CHOC)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Chocolate Agar
(Chocopasteurised)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers: 341F (CCTACGGGAGGCAGCAG)
and 926R (CCGTCAATTCCTTTRAGTTT)

(Ito et al 2019)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers: 341F (CCTACGGGAGGCAGCAG-)
and 926R (CCGTCAATTCCTTTRAGTTT)

(Ito et al 2019)

Chocolate Agar +
PolyViteX (CPVX)

Aerobic atmosphere with
5% CO,

37°C

2 days, 1 week, 2 weeks
and 1 month

MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

(Dubourg et al 2013)

Anaerobic and aerobic

16S rRNA gene sequencing

Primers/Sequences:

atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)
72 hours F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)
Aerobic atmosphere with
5% CO:
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Aerobic atmosphere with MALDI-TOF MS
5% CO, 16S rRNA gene sequence
37°C Region: V6 (Lagier et al 2012)

24 hours, 48 hours then
once a week for up to
2 months

Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)

Christensenella
Medium (CHRIS)

Anaerobic and aerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)
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72 hours

under selective conditions

Chromocult Agar Not available 16S rRNA gene sequencing (Carroccio et al 2021)
Regions: V3-V4

Clostrisel Agar Anaerobic atmosphere Bacteria morphology, Gram staining,

(CLOS) 37°C catalase and oxidase tests, and growth (Drago et al 2012)

Columbia Agar

Aerobic atmosphere
37°C
3 days

MALDI-TOF MS
16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Anaerobic atmosphere
37°C
3 days

MALDI-TOF MS
16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Columbia Agar +

Anaerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers: 917F (GAATTGACGGGGRCCC)
2 months and 1391R (GACGGGCGGTGWGTRCA)
Aerobic atmosphere
28°C
14 days
16S rRNA gene sequencing (Dubourg et al 2016)
Growth at different
temperatures: 22, 30,
37 and 56°C
Anaerobic atmosphere
37°C MALDI-TOF MS (Pfleiderer
2 days, 1 week, 2 weeks 16S rRNA gene sequence et al 2013)
and 1 month
Anaerobic atmosphere MALDI-TOF MS
28°C (Pfleiderer
2 days, 1 week, 2 weeks 16S rRNA gene sequence et al 2013)
and 1 month
Microaerophile MALDI-TOF MS
atmosphere 16S rRNA gene sequence
37°C Region: V6 (Lagier et al 2012)
24 hours, 48 hours then Primers: 917F (GAATTGACGGGGRCCC)
once a week for up to and 1391R (GACGGGCGGTGWGTRCA)
2 months
MALDI-TOF MS
Anaerobic atmosphere 16S rRNA gene sequence
37°C Region: V6 (Lagier et al 2012)
4 days Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)
Anaerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)

once a week for up to
2 months

Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)
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Aerobic atmosphere MALDI-TOF MS
28°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers: 917F (GAATTGACGGGGRCCC)
2 months and 1391R (GACGGGCGGTGWGTRCA)
MALDI-TOF MS
Anaerobic atmosphere 16S rRNA gene sequence
37°C Region: V6 (Lagier et al 2012)
5 days Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)
Aerobic atmosphere MALDI-TOF MS
28°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)

once a week for up to
2 months

Primers: 917F (GAATTGACGGGGRCCC)
and 1391R (GACGGGCGGTGWGTRCA)

Aerobic atmosphere
28°C

MALDI-TOF MS
16S rRNA gene sequence

(Samb-Ba et al 2014)

48 hours
Anaerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers: 917F (GAATTGACGGGGRCCC)
2 months and 1391R (GACGGGCGGTGWGTRCA)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Anaerobic atmosphere 16S rRNA gene sequencing
28°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Microaerophilic Clone sequencing
atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)
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Anaerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
45°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Aerobic atmosphere Clone sequencing
37°C 16S rRNA gene sequencing
2 days, 1 week, 2 weeks Region: V6 (Dubourg et al 2013)

and 1 month

Primers/Sequences: FD1 (AGA GTT TGA
TCC TGG CTC AG) and
RP2 (ACG GCT ACC TTG TTA CGA CTT)

Anaerobic atmosphere
37°C
48 hours

16S rRNA gene sequencing

(Yimagou et al 2020)

Aerobic and
Anaerobic atmosphere
37°C

28°C

Incubation time: not
available

MALDI-TOF MS

(Caputo et al 2015)

Anaerobic atmosphere
37°C
4 days

MALDI-TOF MS

(Traore et al 2019)

Aerobic atmosphere with
2.5% CO,

37°C

5 days

MALDI-TOF MS
16S rRNA gene sequence

(Samb-Ba et al 2014)

Anaerobic atmosphere

MALDI-TOF MS

37°C 16S rRNA gene sequencing (Dubourg et al 2013)
2 days, 1 week, 2 weeks 18S rRNA amplification and clone

and 1 month sequencing

Aerobic atmosphere MALDI-TOF MS

37°C 16S rRNA gene sequencing (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

18S rRNA amplification and clone
sequencing

Australian Journal of Medical Science February 2024 Vol. 45 No. 1

39



40

Anaerobic atmosphere
37°C

16S rRNA gene sequence analysis
Whole-genome sequencing

(Ngom et al 2020)

2 days

Anaerobic atmosphere MALDI-TOF MS

37°C 16S rRNA gene sequencing (Dubourg et al 2013)
2 days, 1 week, 2 weeks 18S rRNA amplification and clone

and 1 month sequencing

Aerobic atmosphere

37°C MALDI-TOF MS

24 hours, 48 hours then 16S rRNA gene sequence (Lagier et al 2012)

once a week for up to
2 months

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing

(Goldman et al 2022)

Anaerobic atmosphere
37°C
5 days

5% CO2 atmosphere
37°C
3 days

16S rRNA gene sequencing

(Lau et al 2016)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing

(Lopez-Moreno
et al 2022)

Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS
Metagenomics

(Diakite et al 2019)

Aerobic and anaerobic
atmosphere

37°C

24-72 hours

MALDI-TOF MS
16S rRNA gene sequencing

(Afouda et al 2020)

Anaerobic atmosphere
37°C
72 hours

MALDI-TOF MS
16S rRNA gene sequencing

(Benabdelkader
et al 2020)

Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS
Metagenomics

(Diakite et al 2019)

Columbia
NaladixicAcid
(CNA) Agar

Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS
Metagenomics

(Diakite et al 2019)
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Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Columbia
NaladixicAcid (CNA)
Agar + Sheep Blood
5%

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing
Regions: V3-V4
Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and

926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Columbia Agar
Liquid Medium +
Sheep Blood 5%
(cos)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Cooked Meat Agar
(BEEF)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Cycloserine
Cefoxitin Fructose
Agar (CCFA)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing
Regions: V3-V4

Primers: 341F (CCTACGGGAGGCAGCAG)

and 926R (CCGTCAATTCCTTTRAGTTT)

(Ito et al 2019)

De Man, Rogosa,
and Sharpe Agar
(MRS)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Anaerobic atmosphere

Bacteria morphology, Gram staining,

(w/v) CaCO3

48 hours

37°C catalase and oxidase tests, and growth (Drago et al 2012)
72 hours under selective conditions
De Man Rogosa and 16S rRNA gene sequencing
Sharpe (MRS) Agar CO: incubator (5% CO:) Primers/Sequences: SU forward (Sornplang
with added 0.4% 37°C (CAC CAA CAG AGT TTG ATC CTG GCT et al 2016)

CAG) and HDAZ2 reverse
(GTA TTA CCG CGG CTG CTG GCA)
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Defined Base
Medium

16S rRNA gene sequencing

Regions: V3-V4

Primers/Sequences:
S-D-Bact-0341-b-S-17 Forward
(TCGTCGGCAGCGTCAGATGTGTAT
AGAGACAGCCTACGGGNGGCWGCAG)
and S-D-Bact-0785-a-A-21 Reverse
(GTCTCGTGGGCTCGGAGATGTGTAT
AGAGACAGGACTACHVGGGTATCTAATCC)

(Adamberg
et al 2020)

Deoxycholate Agar
(DOC)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (AGAGTTTGATCCTGGCTCAG) and
927r (CCGTCAATTC CTTTRAGTTT)

(Lau et al 2016)

Drigalski Lactose

Anaerobic atmosphere
37°C

16S rRNA gene sequencing
Regions: V3-V4

(Ito et al 2019)

SDArch0958aA1959YCCGGCGTTGAMTC
CAATT39

Agar (BTB) 24 hours Primers: 341F (CCTACGGGAGGCAGCAG-)
and 926R (CCGTCAATTCCTTTRAGTTT)
16S rRNA gene sequencing
DSMZ Culture SDArch0333aS1559TCCAGGCCCTACGG
Medium Not available G39 and (Khelaifia et al 2013)

Eosin-Methylene
Blue Agar (EMB)

Aerobic atmosphere

37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

Fastidious
Anaerobe Agar
(FAA)

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing
RegionS: V4- V5

(Goldman et al 2022)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
927r (5'-CCGTCAATTC CTTTRAGTTT-3')

(Lau et al 2016)
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Anaerobic atmosphere
37°C
3-7 days

16S rRNA gene sequencing primers
27F (AGAGTTTGATCMTGGCTCAG) and
1492R (TACGGYTACCTTGTTACGACTT)
were used to amplify part of the 16S
rRNA gene

(Fenn et al 2017)

Fastidious
Anaerobe Agar
+5% (v/v)
Defibrinated Sheep
Blood (FAA blood)

Anaerobic atmosphere
37°C
3-7 days

16S rRNA gene sequencing primers 27F
(AGAGTTTGATCMTGGCTCAG-3') and
1492R (TACGGYTACCTTGTTACGACTT-3')
were used to amplify part of the 16S
rRNA gene

(Fenn et al 2017)

Gifu Anaerobe
Media (GAM)

Anaerobic atmosphere
37°C
7 days

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

8F (AGAGTTTGATCC TGGCTCAG) and
1391R (GACGGGCGGTGTGTRCA)

(Rettedal et al 2014)

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing

(Li et al 2019)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Anaerobic atmosphere
37°C
7 days

16S rRNA gene

Region: V6

Primers/Sequences:

8F (AGAGTTTGATCC TGGCTCAG) and
1391R (GACGGGCGGTGTGTRCA)

(Rettedal et al 2014)

Anaerobic atmosphere
37°C
48 hours

16S rRNA gene sequencing

(Chen et al 2019)

Gifu Anaerobic

Aerobic and anaerobic

24 hours

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3)

Media gellan atmosphere 16S rRNA gene sequencing (Lopez-Moreno
(GAMg) 37°C et al 2022)
72 hours
16S rRNA gene sequencing
Anaerobic atmosphere Regions: V3-V4
37°C Primers: (Ito et al 2019)
24 hours 341F (5'CCTACGGGAGGCAGCAG-3') and
Gifu Anaerobe 926R (5'CCGTCAATTCCTTTRAGTTT-3)
Media (GAM),
modified 16S rRNA gene sequencing
Anaerobic atmosphere Regions: V3-V4
37°C Primers: (Ito et al 2019)
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Anaerobic atmosphere 16S rRNA gene sequencing

Gifu Anaerobe 37°C Region: V6
Media (GAM), 7 days Primers/Sequences: (Rettedal et al 2014)
diluted, modified 8F (AGAGTTTGATCC TGGCTCAG) and

1391R (GACGGGCGGTGTGTRCA)

Glutamate Starch 16S rRNA gene sequencing

Phenol-Red aAgar 4 Not available Regions: V3-V4 (Carroccio et al 2021)
(GSP) + Penicillin-G

60 g/L

Gram Negative Anaerobic atmosphere

Medium Incubation temperature 16S rRNA gene sequencing (Zou et al 2019)

and time: not available

Anaerobic atmosphere 16S rRNA gene sequencing

37°C Regions: V4-V5 (Goldman et al 2022)
5 days

Anaerobic atmosphere 16S rRNA gene sequencing

37°C Region: V4 (Chen et al 2019)
48 hours

16S rRNA gene sequencing

Anaerobic atmosphere Region: V6
37°C Primers/Sequences: (Rettedal et al 2014)
7 days 8F (AGAGTTTGATCC TGGCTCAG) and

1391R (GACGGGCGGTGTGTRCA)

Anaerobic atmosphere MALDI-TOF MS
v V|V 37°C 16S rRNA gene sequencing (Fleming et al 2021)
Gut Microbiota 48-72 hours Whole genome sequencing
Medium (GMM)
Anaerobic atmosphere 16S rRNA gene sequencing
37°C Region: V2
7 days
16S rRNA gene sequencing (Ito et al 2019)
Anaerobic atmosphere Regions: V3-V4
37°C Primers:
24 hours 341F (5'CCTACGGGAGGCAGCAG-3') and

926R (5'CCGTCAATTCCTTTRAGTTT-3’)

Anaerobic atmosphere

37°C 16S rRNA gene sequencing
5 days Region: V3
Primers/Sequences: (Lau et al 2016)
5% CO, atmosphere 8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
37°C 927r (5'-CCGTCAATTC CTTTRAGTTT-3')
3 days

Aerobic atmosphere with
Haemophilus Test 2.5% CO,

Medium (HTM) 37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
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Aerobic atmosphere with

MALDI-TOF MS

Clone sequencing

Vancomycin Laked
Blood Agar (KVLB)

5% CO, atmosphere
37°C
3 days

Primers/Sequences:
8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
927r (5'-CCGTCAATTC CTTTRAGTTT-3')

2.5% CO, 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Hektoen Enteric Aerobic atmosphere MALDI-TOF MS
Agar (HEA) 35°C Mass spectrometry (He et al 2010)
Overnight
Anaerobic atmosphere
37°C 16S rRNA gene sequencing
Kanamycin 5 days Region: V3

(Lau et al 2016)

Lactobacilli MRS
Agar (MRS) Mitis

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers/Sequences:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Lactose Agar with
Bromcresol Purple
(BCP)

Aerobic atmosphere
37°C

2 days, 1 week, 2 weeks
and 1 month

MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

(Dubourg et al 2013)

LAMVAB Medium

Aerobic atmosphere
37°C
48 hours

MALDI-TOF MS
16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Anaerobic atmosphere
37°C
48 hours

MALDI-TOF MS
16S rRNA gene sequence
Regions: V4-V5

(Samb-Ba et al 2014)

Listeria Enrichment
Broth (Listeria)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Luria-Bertani (LB)
Medium

Anaerobic atmosphere
Incubation temperature
and time: not available

16S RNA gene sequencing

(Zou et al 2019)
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M17 Agar

Aerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Not available 16S rRNA gene sequencing (Carroccio et al 2021)
Regions: V3-V4
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)

Incubation time: not
available

M9 Minimal Media

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
927r (5'-CCGTCAATTC CTTTRAGTTT-3')

(Lau et al 2016)

Anaerobic atmosphere
37°C
7 days

16S rRNA gene sequencing

Region: V6

Primers/Sequences:

8F (5’-AGAGTTTGATCC TGGCTCAG-3’)
and

1391R (5’-GACGGGCGGTGTGTRCA-3')

(Rettedal et al 2014)

Aerobic atmosphere
35°C
Overnight

Room temperature
48 hours

MALDI-TOF MS

(He et al 2010)

Anaerobic atmosphere
37°C

16S rRNA gene sequencing

No. 3 and Slanetz
and Bartley Agar

37°C
1,2 or 3 days

Statistical analyses

MacConkey Agar 5 days Region: V3
(MAC) Primers/Sequences: (Lau et al 2016)
5% CO, atmosphere 8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
37°C 927r (5'-CCGTCAATTC CTTTRAGTTT-3')
3 days
Not available 16S rRNA gene sequencing (Carroccio et al 2021)
Regions: V3-V4
Aerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence (Samb-Ba et al 2014)
1 day RegionS: V4-V5 region
McConkey Agar Aerobic atmosphere

(Mikkelsen et al 2015)
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Man Rogosa Sharp
Agar (MRS)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACC TTG TTA CGA CTT)

MacConkey Agar Aerobic atmosphere MALDI-TOF MS
(MAC) + Sorbitol 35°C (He et al 2010)
(MACS) Overnight
MacConkey Aerobic atmosphere Bacteria morphology, Gram staining,
Agar (MAC) for 37°C catalase and oxidase tests, and growth (Drago et al 2012)
Enterobacteriaceae 24 hours under selective conditions
MALDI-TOF MS
Clone sequencing
Anaerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Aerobic and anaerobic
atmosphere

37°C

72 hours

Whole Genome Sequencing (WGS)
Phylogenomic identification
Specific gene-encoding searches

(Lopez-Moreno
et al 2022)

Aerobic and anaerobic

16S RNA gene sequencing

atmosphere Complete 16S RNA gene sequencing (Torres-Sanchez
37°C of selected bacterial strains by Sanger et al 2021)

72 hours method

Not available 16S rRNA gene sequencing (Carroccio et al 2021)

Regions: V3-V4

Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Anaerobic atmosphere
37°C

Incubation time: not
available

MALDI-TOF MS

(Caputo et al 2015)

Mannitol Salt Agar
(MSA)

Anaerobic atmosphere
37°C
5 days

5% CO, atmosphere
37°C
3 days

16S rRNA gene sequencing

Region: V3

Primers/Sequences:

8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
927r (5'-CCGTCAATTC CTTTRAGTTT-3')

(Lau et al 2016)
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Marine Agar (MA)

Aerobic atmosphere

28°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Aerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers:
2 months 917F (5'-GAATTGACGGGGRCCC) and
1391R (5'-GACGGGCGGTGWGTRCA)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
28°C Region: V6 (Dubourg et al 2013)

2 days, 1 week, 2 weeks
and 1 month

Primers/Sequences:

FD1 (AGA GTT TGA TCC TGG CTC AG)
and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

Marine Broth (MB)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Anaerobic atmosphere
37°C

16S rRNA gene sequencing

5 days Region: V3
McKay Agar (MK) Primers/Sequences: (Lau et al 2016)
5% CO: atmosphere 8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
37°C 927r (5'-CCGTCAATTC CTTTRAGTTT-3')
3 days
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
MALDI-TOF MS
MOD 2 Agar Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Anaerobic atmosphere
MPYG Medium Incubation temperature 16S rRNA gene sequencing (Zou et al 2019)

and time: not available
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Mueller Hinton
Agar (MH)

Anaerobic atmosphere
Incubation temperature
and time: not available

16S rRNA gene sequencing

(Zou et al 2019)

Aerobic atmosphere
37°C

24 hours, 48 hours then
once a week for up to 2
months

MALDI-TOF MS

16S rRNA gene sequence

Region: V6

Primers: 917F (5'-GAATTGACGGGGRCCC)
and 1391R (5'-GACGGGCGGTGWGTRCA)

(Lagier et al 2012)

Aerobic atmosphere
37°C

Incubation time: not
available

MALDI-TOF MS

(Caputo et al 2015)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Aerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

Incubation time: not
available

37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Mueller Hinton MALDI-TOF MS
Agar (MH) + Clone sequencing
Vancomycin 50 pg/L Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Aerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequence
24 hours, 48 hours then Region: V6 (Lagier et al 2012)
once a week for up to Primers: 917F (5'-GAATTGACGGGGRCCC)
Orange Serum Agar 2 months and 1391R (5'-GACGGGCGGTGWGTRCA)
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
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Aerobic atmosphere
37°C

2 days, 1 week, 2 weeks
and 1 month

MALDI-TOF MS

Clone sequencing

16S rRNA gene sequencing

Region: V6

Primers/Sequences: FD1 (AGA GTT TGA
TCC TGG CTC AG) and

RP2 (ACG GCT ACCTTG TTA CGA CTT)

(Dubourg et al 2013)

Phenylethyl Alcohol
Agar (PEA)

Anaerobic atmosphere
37°C
5 days

5% CO2 atmosphere
37°C
3 days

16S rRNA gene sequencing

(Lau et al 2016)

Phenylethyl Alcohol
Agar + Sheep Blood
5% (PEA)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Plate Count Agar

Not available 16S rRNA gene sequencing (Carroccio et al 2021)
Regions: V3-V4

Aerobic atmosphere (Mikkelsen

37°C Statistical analyses of colony numbers et al 2015)

1,2 or 3 days

Potato Dextrose
Agar

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Reasoner's 2A Agar

Aerobic atmosphere

37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available

MALDI-TOF MS

R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(R2A) Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
16S rRNA gene sequencing
Aerobic and anaerobic Primers/Sequences:
Reinforced atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
Clostridial Agar 37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)
(RCM) 72 hours F357(CTCCTACGGGAGGCAGCA),
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Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

R-Medium (RM)

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)

Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Rogosa Agar +

Not available

16S rRNA gene sequencing

(DHL)

24 hours

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3)

1.32 mL/L Glacial Regions: V3-V4 (Carroccio et al 2021)
Acetic Acid
16S rRNA gene sequencing
Region: 16S RDNA gene
Not available Primers/Sequences: SDArch0333aS15- (Khelaifia et al 2013)
59TCCAGGCCCTACGGG-39 and
SDArch0958aA1959YCCGGCGTTGAM
TCCAATT-39
MALDI-TOF MS
Clone sequencing
Anaerobic atmosphere 16S rRNA gene sequencing
Sabouraud Agar 37°C Region: V6 (Dubourg et al 2013)
(SAB) 2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Aerobic atmosphere Clone sequencing
37°C 16S rRNA gene sequencing
2 days, 1 week, 2 weeks Region: V6 (Dubourg et al 2013)
and 1 month Primers/Sequences: FD1 (AGA GTT TGA
TCC TGG CTC AG) and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Sabouraud Agar Aerobic atmosphere Bacteria morphology, Gram staining,
(SAB) + Cloramp 37°C catalase and oxidase tests, and growth (Drago et al 2012)
Henicol 500 mg/L 48 hours under selective conditions
16S rRNA gene sequencing
Salivarius Agar Anaerobic atmosphere Regions: V3-V4
(Mitis) DHL Agar 37°C Primers: (Ito et al 2019)
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Schaedler Agar

Anaerobic atmosphere

37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not

available

Anaerobic atmosphere MALDI-TOF MS

37°C 16S rRNA gene sequence

24 hours, 48 hours then Region: V6 (Lagier et al 2012)

once a week for up to
2 months

Primers: 917F (5'-GAATTGACGGGGRCCC)
and 1391R (5'-GACGGGCGGTGWGTRCA)

Anaerobic atmosphere
37°C
24 to 72 hours

MALDI-TOF MS
Metagenomics

(Diakite et al 2019)

Aerobic and anaerobic

16S rRNA gene sequencing
Primers/Sequences:

atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)
72 hours F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)
MALDI-TOF MS
Clone sequencing
Anaerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Schaedler Agar MALDI-TOF MS
+ Kanamycin/ Clone sequencing
Vancomycin Anaerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Anaerobic atmosphere Bacteria morphology, Gram staining,
37°C catalase and oxidase tests, and growth (Drago et al 2012)
72 hours under selective conditions
Schaedler Agar + Anaerobic atmosphere Bacteria morphology, Gram staining,
5% Blood 37°C catalase and oxidase tests, and growth (Drago et al 2012)

72 hours

under selective conditions
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Selenite Broth

(Selenite)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Slanetz and Bartley
Agar (SB)

16S rRNA gene sequencing
Regions: V3-V4

Not available Primers: (Carroccio et al 2021)
341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3)

Aerobic atmosphere Bacteria morphology, Gram staining,

37°C catalase and oxidase tests, and growth (Drago et al 2012)

24 hours

under selective conditions

Thayer-Martin
Selective Agar (TM)

Anaerobic atmosphere
37°C
24 hours

16S rRNA gene sequencing

Regions: V3-V4

Primers:

341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)

(Ito et al 2019)

Microaerophilic

atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
Thioglycolate +
Agar + 5% Human MALDI-TOF MS
Blood Microaerophilic Clone sequencing
atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
16S rRNA gene sequencing
Tomato Juice Agar Anaerobic atmosphere Regions: V3-V4
(Tomato) 37°C Primers: (Ito et al 2019)
24 hours 341F (5'CCTACGGGAGGCAGCAG-3') and
926R (5'CCGTCAATTCCTTTRAGTTT-3’)
Anaerobic atmosphere
37°C 16S rRNA gene sequencing
Tryptic Soy Agar 5 days Region: V3
(TSA) Primers/Sequences: (Lau et al 2016)
5% CO, atmosphere 8f (5'-AGAGTTTGATCCTGGCTCAG-3') and
37°C 927r (5'-CCGTCAATTC CTTTRAGTTT-3')
3 days
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Anaerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

Tryptic Soy Agar
(TSA) + 5% Sheep
Blood

37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
MALDI-TOF MS
Clone sequencing
Aerobic atmosphere 16S rRNA gene sequencing
37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)
Incubation time: not
available
10% CO,-enriched air Bacteria morphology, Gram staining,
37°C catalase and oxidase tests, and growth (Drago et al 2012)

24 hours

under selective conditions

Aerobic atmosphere
28°C
24-72 hours

Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS

Whole genome sequencing

(Fleming et al 2021)

Aerobic and anaerobic

16S rRNA gene sequencing
Primers/Sequences:

Trypticase Soy atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
Broth (TSB) 37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)
72 hours F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)
Aerobic atmosphere
37°C MALDI-TOF MS (Caputo et al 2015)

Wilkins Chalgren
Agar (WC)

Incubation time: not
available

Aerobic and anaerobic
atmosphere

37°C

72 hours

16S rRNA gene sequencing
Primers/Sequences:
16F27(AGAGTTTGATCMTGGCTCAG),
1525R (AAGGAGGTGATCCAGCC),
F357(CTCCTACGGGAGGCAGCA),
R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

(Lopez-Moreno
et al 2022)
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Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Anaerobic atmosphere
37°C
24-72 hours

MALDI-TOF MS

Metagenomics

(Diakite et al 2019)

Aerobic atmosphere

MALDI-TOF MS
Clone sequencing
16S rRNA gene sequencing

Blood

Incubation time: not
available

37°C Region: V6 (Dubourg et al 2013)
2 days, 1 week, 2 weeks Primers/Sequences:
and 1 month FD1 (AGA GTT TGA TCC TGG CTC AG)
and
RP2 (ACG GCT ACC TTG TTA CGA CTT)
Anaerobic atmosphere (Mikkelsen
37°C Statistical analyses et al 2015)
2 or 3 days
Wilkins Chalgren
Agar (WC) +
GN Selective Not available 16S rRNA gene sequencing (Carroccio et al 2021)
Supplements and
Defibrinated Sheep
Blood
Wilkins Chalgren
Agar (WC) + Anaerobic atmosphere
Soya Peptone 37°C 16S RNA gene sequencing (Goodman
Lcysteine, Tween® 3 days et al 2011)
80 Mupirocin and
Glacial Acetic Acid
Wilkins Chalgren Anaerobic atmosphere
Agar (WC) + Sheep 37°C MALDI-TOF MS (Caputo et al 2015)

Anaerobic atmosphere

3-7 days

(5’-TACGGYTACCTTGTTACGACTT-3')
were used to amplify part of the 16S
rRNA gene

XD Medium Incubation temperature 16S RNA gene sequencing (Zou et al 2019)
and time: not available
16S rRNA gene sequencing primers
Anaerobic atmosphere 27F (5’-AGAGTTTGATCMTGGCTCAG-3')
YCFAG Agar 37°C and 1492R (Fenn et al 2017)

Yeast Casitone Fatty
Acids Agar (YCFA)

Anaerobic atmosphere
37°C
5 days

16S rRNA gene sequencing
Regions: V4-V5

(Goldman et al 2022)
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Aerobic atmosphere MALDI-TOF MS

37°C 16S rRNA gene sequencing
24 hours Primers:

4 27F (5'-AGAGTTTGATCMTGGCTCAG-3’) (Hou et al 2019)
Anaerobic atmosphere and
37°C 1492R (5'-GGTTACCTTGTTACGACTT-3')
48 hours
Anaerobic atmosphere MALDI-TOF MS

4 37°C Metagenomics (Diakite et al 2019)
24-72 hours
Anaerobic atmosphere MALDI-TOF MS

v 37°C Metagenomics (Diakite et al 2019)

24-72 hours
Aerobic atmosphere MALDI-TOF MS
37°C 16S rRNA gene sequencing

4 1 day Region: V4 (Chang et al 2019)

Primers/Sequences:

Anaerobic atmosphere (27F: 5-AGAGTTTGATCCTGGCTCAG-3;
37 °C 3 days 1492R: 5-GGTTACCTTGTTACGACTT-3)

Anaerobic atmosphere
v 37°C 16S rRNA gene sequencing (Forster et al 2019)
24 hours

16S rRNA gene sequencing

Aerobic and anaerobic Primers/Sequences:

atmosphere 16F27(AGAGTTTGATCMTGGCTCAG), (Lopez-Moreno
v 37°C 1525R (AAGGAGGTGATCCAGCC), et al 2022)

72 hours F357(CTCCTACGGGAGGCAGCA),

R519 (GWATTACCGCGGCKGCTG) and
F915 (GGGCCCGCACAAGCGGTGG)

16S rRNA gene sequencing

Yeast Casitone Fatty Regions: V1-V2

Acids Agar (YCFA) + Anaerobic atmosphere Primers/Sequences:

0.002 g/mL-1 each v 37°C 27F (Browne et al 2016)
of Glucose, Maltose 72 hours (AATGATACGGCGACCACCGAGATCTACAC)

and Cellobios and

338R CAAGCAGAAGACGGCATACGAGAT

Yeast Casitone Fatty Anaerobic atmosphere 16S rRNA gene sequencing
Acids Agar (YCFA) + 37°C Regions: V4-V5 (Goldman et al 2022)
Starch 5 days

The preincubation methods can include preincubation in either blood cultures, marine broth, BHI or Trypticase Soy Broth.

Note: Identification methods have been provided where this information was available.

2From the study by Lagier et al (2012) only the 20 best culture conditions that facilitated the identification of 73% of the

bacterial species were listed in this table.
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Less commonly used media

Some researchers have focussed their efforts on isolating
novel bacterial species using specific enriched media.
An example of this approach comes from the work
undertaken using the Yeast Casitone Fatty Acids Agar
(YCFA) based culturing approach of Browne et al in 2016
(Browne et al 2016). This medium is enriched and has the
nutrients yeast extract and pancreatic digest of casein
added to encourage the growth of gut anaerobes. This
medium has been effective in demonstrating that a high
proportion of bacteria which are notoriously difficult to
grow within the faecal population such as anaerobes
and spore-forming bacteria can still be cultured in the
laboratory under certain conditions.

Furthermore, bacteria cultured in another study
(Browne et al 2016) included 90 species from the
Human Microbiome Project’s list of previously
uncultured bacteria, supporting the concept that most
gut microbiota can be cultured given the appropriate
conditions (Browne et al 2016).

Other examples of less commonly used media include
studies by Goodman et al (2011) who cultivated 50%
of a donor’s microbiota, a total of 316 species of the
identified 632 distinct 97% ID operational taxonomic
units (OTU), by plating diluted faecal material on plates
containing pre reduced, nonselective Gut Microbiota
Medium (GMM) with a 7-day incubation period at 37°C
under an atmosphere of 75% nitrogen, 20% carbon
dioxide, and 5% hydrogen. The significant finding of
this study was the ability to culture a large number of
gut microbiota using a single set of anaerobic culturing
conditions and readily available reagents (Goodman et al
2011). Further to this in the first published culturomics
study, different cultivation conditions resulted in the
identification by high-throughput molecular techniques,
of 99 bacterial species, 42 of which had never been
previously been identified in the human gut, (Lagier et
al 2012). Others such as Ito et al ( 2019), attempted to
culture human gut bacteria by using 26 commercially
available selective and non-selective media and 27
culture conditions in total. Some studies also showed
that some bacteria which included representatives of
the genera Collinsella, Coprobacter, Butyricicoccus,
lhubacter, Desulfotomaculum, Anaeromassilibacillus,
Anaerotruncus, Flintibacter and Faecalicoccus,
may require other growing conditions in order to be
isolated (Ito et al 2019). These data clearly highlight the
many challenges of relying solely on culture techniques
to isolate gut microbiota even when using less commonly
used media which may encourage the growth of
gut microorganisms.

Supressing the growth of fast-growing
microorganisms

One challenge faced by microbiologists is the suppression
of fast-growing microbiota when attempting to isolate
slow growing species. For many years selective media
and various culturing conditions have been used (Hou
et al 2019). Approaches have also included selectivity
with antibiotics and enrichment in blood culture bottles
(Lagier et al 2012; Benabdelkader et al 2020). When
using antibiotics for selectivity, it must be considered that
the inhibition of one specific group of microorganisms
could also cause the loss of other species as some
may depend on factors produced by other microbes
to grow (Cross et al 2019). In the studies of Duquenoy
et al (2020) and Caputo et al (2015) the glycopeptide
antibiotic vancomycin was used to inhibit the growth of
predominant bacterial populations and as a result the
gram-negative Akkermansia muciniphila was able to be
isolated (Duquenoy et al 2020); Caputo et al 2015).

Less well known approaches include culturing conditions
which include the addition of sterile rumen fluid or
fresh stool extracts, in order to mimic the gut natural
environment and thus encouraging the growth of gut
bacteria (Dubourg et al 2013). By using these additions
Lagier et al (2012 & 2016) were able to isolate 17 strains
that were not previously isolated with other culturing
conditions (Lagier et al 2012; Lagier et al 2016).

Other approaches include preincubation in an anaerobic
blood culture bottle with thioglycolate with anaerobic
incubation directly on Columbia Agar + 5% sheep blood
and passive filtration using a membrane in Leptospira
broth (Pfleiderer et al 2013). Another approach was
filtration with successive membranes which is a technique
that has been used for many years to selectively culture
organisms by inhibiting the more common bacterial
populations. In addition, the use of phages in selecting
for difficult to isolate bacterial species has also been
described e.g. E. coli lytic bacteriophages were grown
with E. coli a common gut commensal, which resulted
in the isolation of an unknown enterobacterial species
(Enterobacter massiliensis) (Lagier et al 2012). New
bacterial species such as Herbaspirillum massiliense
(Lagier et al 2012a) and Cellulomonas massiliensis (Lagier
et al 2012b) have been isolated using filtration. The
addition of antibiotics is one of the most commonly used
methods to select for specific bacteria and when added
to culture media can be used to significantly modify the
composition of the bacterial population and selectively
isolate target species (Versluis et al 2019; Vlkova et al
2015).
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Another approach reported in various studies, involved
the use of ethanol treatment of faecal samples. Browne
et al (2016) employed this selective approach to identify
sporulated bacteria and to facilitate the isolation of
the Clostridium difficile spores from a mixed bacterial
population. Not surprisingly, the pre-treatment of faecal
samples with ethanol (70% for 4 hrs at room temperature)
was found to lead to the isolation of ethanol-resistant
spore forming bacteria with vegetative bacterial cells in
the same sample being destroyed (Browne et al 2016).

In another study, 18 standard culturing conditions
with and without ethanol disinfection were evaluated
(Afouda et al 2020). The ethanol disinfection led to
the cultivation of 60 species that were not isolated
under standard cultivation conditions. Remarkably,
of all bacterial species isolated in the 11 samples, 68
were unique to the ethanol disinfection technique.
In their study, they observed an enrichment in
Ruminococcaceae, Bacteroidaceae and Lachnospiraceae
species using this technique, however other genera
such as Bacillus, Clostridium, Blautia, Lactobacillus and
Prevotella seemed to be less affected (Afouda et al 2020).

The above approaches demonstrate that each technique
has certain advantages, although more research is
required to ascertain how these techniques compare
with each other in isolating bacteria that are difficult
to culture.

Encapsulation and incubation in microdroplets

Techniques such as encapsulation and incubation in
microdroplets inside multi-well micro culture chips have
been used recently toimprove the cultivation of fastidious
bacteria (Cross et al 2019). This technique mimics in vivo
natural selection processes that can be encouraged when
cells are compartmentalised, thereby encapsulating
individual micro-organisms and protecting them from
competition from other species. In order to create
compartmentalisation, a biocompatible microfluidic
double water-in-oil-water emulsion is used to generate
droplets in which single organisms can grow (Terekhov
et al 2017). The microdroplet environment protects the
cells providing a stable environment for growth.

Microfluidic chips are used to generate these droplets
containing cells, and the droplets can be visualised using
a haemocytometer. This technology can also be used
for co-culturing of species, where one organism will
produce factors that encourage the growth of the other.
One disadvantage of this approach however is that the
isolation of new species is influenced by chance as it may
not be possible to predict what factors will enhance the
growth of a novel microbe.

This approach has been successfully used by researchers
to isolate new bacterial species (Ma et al 2014b; Tan
et al 2020). Ma et al (2014a) applied the approach to
successfullyisolate and culture Bacteroides vulgatus, a gut
anaerobe, from a clinical sample. Their method involved
the use of a microfluidic SlipChip device that allows
single microbial cells to be stochastically confined and
subsequently cultured within the microcompartments.

Another study found an increase of up to four times the
bacterial representation in stool samples, including rare
or slow-growing species, using the microfluidic platform
compared to conventional cultivation plates (Watterson
etal2020). The cultivation of 2.8 times more bacterial taxa
compared to traditional culture methods was reported in
another paper and this allowed the researchers to test
the abundance of carbohydrate-degrading gut bacteria
which would have not been possible with traditional
bacterial culture techniques (Villa et al 2020). Faecal
bacteria were cultured on ethanol-sterilised PAO chips
and the bacterial growth analysed by 16S rRNA gene
sequencing by Versluis et al in 2019, and showed a large
range of taxa (Versluis et al 2019).

Co-culturing techniques

While co-culturing has been reported previously
(Goodman et al 2011) more recent approaches
have involved growing pairs of bacteria based upon
the principle that one “helper” bacterium will secrete
factors that encourage the growth of the other fastidious
bacterium, with the bacteria growing around the
“helper” bacterial colonies due to the presence of these
biochemical factors. This approach mostly involves the
use of solid media and was demonstrated recently by Fenn
et al (2017) who were able to identify eight taxonomically
diverse pairs of bacteri, using this approach. Amongst
the multiple helper strains, Escherichia coli was found
to have the ability to promote the growth of all induced
isolates (Fenn et al 2017). Interestingly in this study
it was concluded that the menaquinone biosynthesis
pathway was required to induce the growth of seven
out of the eight isolated strains, suggesting that the
presence of quinones in growth media could play an
important role in the isolation of fastidious bacteria such
as Faecalibacterium species.

Similarly, Tanaka and Benno (2015) used a co-culture
technique using soft agar separated by a membrane
filter. Interbacterial communication was promoted by
the diffusion of shared soluble substances between the
two bacterial colonies through the membrane filter. By
using this technique, they were able to isolate several gut
bacteria such as Parabacteroides spp..
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A more recent study employed a co-culture-based
technique to isolate and cultivate a new strain of
Methanobrevibacter smithii from a liquid culture medium
inoculated with faeces in a co-culture with Bacteroides
thetaiotaomicron. This is an effective method for
growing certain bacteria with one organism producing
a gas (for example in this case hydrogen produced by
B. thetaiotaomicron) that promotes the growth of the
other organism (Traore et al 2019). The technique mimics
conditions in the gut microbiome where several bacteria
produce metabolites that affect other bacteria and could
be further developed to support the isolation of other
bacteria (Tanaka and Benno 2015). More research into
this approach is required however to determine how
various gut microbes interact with each other and how
some may support the growth of other organisms.

Conclusions

Many studies reviewed in this paper focussed on
the isolation of specific bacteria. In situations where
identification of individual species or strains of bacteria
is not required and the aim is to identify bacterial genera,
isolation of consortia of bacteria could be appropriate.

Culturing gut bacteria is challenging, and if used as
the primary tool for diagnosing Gl infections may
lead to clinically significant bacteria being missed in
faecal samples. An important consideration for clinical
microbiologists is that methods (e.g. use of antibiotics,
special media) designed to prevent growth of non-target
organisms could potentially lead to important pathogens
being missed.

In recent years techniques such as PCR have been
increasingly used for the diagnosis of bacterial infections,
however, in many situations such as determining
antibiotic sensitivity, culture continues to be important
in clinical microbiology. Based upon the papers reviewed
in this study, it is clear that there is still an important
role for culturing bacteria from biological specimens
such as faeces, particularly when trying to study
novel microbes.While culturing is not required for
detecting microorganisms in clinical samples, being
able to grow difficult to culture microorganisms is crucial
to being able to isolate and identify novel species into
the future. Further research on improving methods
to culture microorganisms including bacteria, that are
difficult to grow under standard laboratory conditions, is
therefore warranted.
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Abstract

Diagnosis of heparin induced thrombocytopenia (HIT) involves a comprehensive approach combining clinical assessment
and laboratory investigations. The 4T score system is commonly utilized to assess the probability of HIT although its
subjective nature and lack of sensitivity and specificity present limitations. Laboratory tests such as platelet activation
assays and immunoassays are being explored to complement clinical judgment and enhance diagnostic accuracy. These
tests have the potential to provide objective information to support or refute the diagnosis of HIT thereby improving
patient outcomes by reducing the risk of both overdiagnosis and underdiagnosis.

Treatment of HIT primarily involves the prompt discontinuation of heparin therapy and initiation of alternative
anticoagulation strategies. Direct oral anticoagulants (DOACs) and low molecular weight heparin (LMWH) such as danaproid
and fondaparinux as well as parenteral direct thrombin inhibitors (DTIs) are commonly used alternatives; however careful
consideration must be given to individual patient factors. Close monitoring for thrombotic complications and adequate
management of ongoing anticoagulation are crucial elements of HIT treatment.

Challenges in HIT management include the need for rapid and reliable diagnostic tools, as well as the potential for
misdiagnosis due to the overlapping clinical features of HIT with other conditions. The availability and cost of alternative
anticoagulants can also pose challenges in resource-limited settings. Clear communication and interdisciplinary
collaboration among healthcare providers are essential to ensure optimal management and patient safety.

The future of HIT testing holds promise with ongoing research and development. Advancements in laboratory assays
aim to improve diagnostic precision and aid in the differentiation of HIT from other causes of thrombocytopenia. These
evolving tests have the potential to enhance sensitivity and specificity, thereby reducing the risk of unnecessary treatment
modifications and associated complications., The identification of novel biomarkers and genetic markers may further

contribute to earlier detection and personalized management of HIT.

Keywords: HIT diagnosis, platelet factor 4, heparin, laboratory diagnosis, treatment

Introduction adverse pharmacological response — HIT (Warkentin
and Greinacher 2004). HIT is an autoimmune disorder;
the immune system of susceptible patients produces
antibodies in reaction to heparin, in complex with a
platelet component called platelet factor 4 (PF4). These
antibody complexes can bind to platelets and cause their

Heparin (H) is a common parenterally administered
anticoagulant given to patients to treat or prevent
thrombosis (Carpene et al 2022). Some patients receiving
heparin medication unfortunately develop a significant

clearance, leading to a decline in the patient's platelet
Address correspondence to: count and an increase in the risk of blood clots (Warkentin
Dea Donikian and Greinacher 2004).
Coagulation and Special Haemostasis, Department
of Haematology, Prince of Wales Hospital In affected patients, HIT symptoms can be ambiguous and
Barker Street, Randwick NSW 2031 HIT can possibly be mistaken for other medical conditions
E-mail: dea.donikian@health.nsw.gov.au and therefore identifying HIT can be difficult (Greinacher

and Warkentin 2006). Thrombocytopenia (low platelet
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count), skin lesions, fever, and thrombotic events
(blood clots) are some of the common symptoms of HIT
(Greinacher and Warkentin 2006). These symptoms can
also be present in other illnesses therefore it is crucial
for clinicians to be aware of the possibility of HIT and
to investigate this possibility further (Greinacher and
Warkentin 2006).

HIT identification can occur with the use of laboratory
testing. There are a wide variety of assays that can test
for the possibility of HIT (PF4/H) antibodies in blood;
HIT immunological screening assays. The enzyme-linked
immunosorbent (ELISA) test is one of the commonly
performed tests which detects IgG antibodies against
PF4/H complexes (Arepally 2017) and is supplied by a
variety of manufacturers/suppliers (Favaloro 2018). A
positive ELISA test result indicates that the patient has
antibodies against PF4/H complexes and thus may have
HIT. One problem with ELISA testing is that although
very sensitive to the presence of PF4/H, the assays take
several hours to perform, and are therefore not suited
to urgent or ‘STAT’ testing. There are several other
immunological HIT-screening assay types that detects
IgM and IgA isotypoes available from a wide number of
manufacturers/suppliers. Among these, there are several
‘rapid’ screening assays that can be performed in 10-35
minutes, thereby offering the possibility of fast screening.

A diagnosis of pathological HIT cannot be confirmed
exclusively based on a positive immunological assay, as
some individuals can have antibodies to PF4/H complexes
without developing pathological HIT (Arepally 2017).
Characterization of PF4/H antibodies as pathological
condition requires confirmation using a functional HIT
assay. The serotonin release assay (SRA), for example,
is one such assay, and can be performed to confirm the
diagnosis of pathological HIT (Arepally 2017).

Currently in our New South Wales (NSW) Health
Pathology (NSWHP) network, rapid HIT screen testing
is only available in selected metropolitan laboratories.
Laboratories that have AcuStar (Werfen) instruments can
assess for PF4/H antibodies using the rapid HIT IgG test
kit by chemiluminescence, but these instruments are
only at specific sites. One laboratory within the NSWHP
network alternatively uses the ELISA method, and
another laboratory uses the particle gel immunoassay
(PaGIA) Heparin/PF4 Antibody test kit by BIORAD. The
challenge with these assays is that they are performed in
batches. The PaGIA (BIORAD) assay is capable of detecting
IgG, 1gM and IgA isotypes. Delays in HIT diagnosis can
unfortunately have critical impact for clinical care and
treatment strategies for an already complicated and
unwell patient cohort.

Pathophysiology of HIT

The incidence of HIT is estimated to be 0.2-5% in patients
exposed to unfractionated heparin (UFH), while the
incidence is lower (0.2-1%) in patients exposed to low
molecular weight heparin (LMWH) (Warkentin and
Greinacher 2004).

Several risk factors have been identified for the
development of HIT, including the duration and intensity
of heparin exposure, the route of administration, and
underlying medical conditions. Some of the commonly
reported risk factors include:

1. Previous exposure to heparin: Patients who have
received heparin in the past are at a higher risk of
developing HIT, with the risk increasing with each
exposure (Arepally 2017).

2. Type of heparin: UFH is more likely to cause HIT
compared to LMWH due to differences in their
molecular weight and structure (Arepally 2017).

3. Dose and duration of heparin therapy: Higher
doses of heparin and prolonged exposure are
associated with an increased risk of developing HIT
(Arepally 2017).

4, Patient characteristics: Certain medical conditions
such as cancer, diseases, and
infections and older age can increase the risk of HIT
(Arepally 2017).

autoimmune

5. Genetic factors: Certain genetic polymorphisms
have been associated with an increased risk of HIT
(Arepally 2017).

HIT may present in a variety of ways, from moderate to
severe signs and symptoms. In most cases, the symptoms
appear 5 to 10 days after starting heparin medication,
although in rare circumstances, they may appear sooner
rather than that (Arepally 2017). Common clinical
features of HIT include the following:

1. Thrombocytopenia: One distinct sign of HIT is a drop
in the platelet count.

2. Venous and arterial thrombosis: HIT may cause blood
to clot; clots can occur in veins and arteries and
may cause myocardial infarction (Ml), pulmonary
embolism (PE), stroke, or deep vein thrombosis
(DVT) (Arepally 2017).

3. Skin lesions: Heparin-induced skin lesions, including
erythematous macules, nodules, and necrotic
lesions may appear on the skin of HIT patients
(Arepally 2017).
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4. Systemic signs and symptoms: HIT can also result in
systemic signs and symptoms such as fever, chills,
and malaise (Warkentin et a/ 2000).

HIT represents immune-mediated adverse reaction to
heparin therapy that is characterised by the formation
of antibodies, primarily 1gG, against complexes of
heparin (H) and platelet factor 4 (PF4) (Warkentin
2003). In pathological HIT, these PF4/H antibodies may
cause platelet activation and aggregation, leading to
a hypercoagulable state that can result in thrombosis,
ranging from deep vein thrombosis (DVT) to life-
threatening arterial thrombosis, including stroke and
myocardial infarction (Ml) (Greinacher 2015).

This process of platelet activation and clot formation
can occur even in the absence of any prior exposure to
heparin, as pre-existing antibodies to PF4 have been
detected in a small proportion of the general population
(Warkentin et al 2008). In the presence of heparin
however, the formation of antibodies to the PF4/H
complex is greatly increased, leading to a higher risk
of thrombosis (Magnani 1993). The risk of developing
pathological HIT is also influenced by other factors as
listed above (Lo et al 2006).

Management and treatment

Pathological HIT is a potentially fatal illness that
necessitates immediate diagnosis and treatment.
The goals of treatment are to both prevent further
thrombosis and decrease the risk of bleeding. There are
several guidelines available to effectively manage and
treat HIT (Warkentin et al 2008). Joseph et al (2019)
have written a consensus guidelines formulated by
members of Thrombosis and Haemostasis Society of
Australia and New Zealand (THANZ). The first step in the
treatment of HIT is to cease using heparin in any form.
To prevent further thrombosis, cessation of heparin must
be followed by initiation of alternative anticoagulant
therapy; these may include factor Xa inhibitors or direct
thrombin inhibitors (DTIs) (Linkins et al 2012). The use
of DOACs as an alternative to heparin-based therapies
has several advantages in HIT management due to their
predictable pharmacokinetics, fixed dosing regimens,
and lack of routine monitoring requirements (Linkins
et al 2012). The agents argatroban, bivalirudin, and
fondaparinux are a few examples of anticoagulants that
can be used in place of heparin (Warkentin et al 2008).
Another important step is to regularly monitor platelet
count and coagulation parameters, for example the
activated partial thromboplastin time (aPTT) and/or anti-
Xa activity to help evaluate treatment effectiveness and
adjust anticoagulant medication dosage (Warkentin et
al 2008). Another requirement is to manage thrombotic
complications: patients with HIT-associated thrombosis
require therapeutic anticoagulation, which in some

circumstances includes catheter-directed thrombolysis
or surgical intervention (Warkentin et al 2008). Clinicians
should avoid treating the thrombocytopenia using
platelet transfusions as these could instead ‘fuel the fire’
and exacerbate thrombotic issues; consequently platelet
transfusions are largely contraindicated in HIT (Arepally
and Ortel 2006).

Laboratory investigations for HIT
Screening assays

Laboratory testing is essential for the diagnosis of HIT.
There are currently a variety of methodologies and test
available to screen for HIT PF4/H antibodies:

1. Enzyme-linked immunosorbent assay (ELISA): This
assay is considered as the gold standard for HIT
‘screening’ due to its sensitivity and specificity. It is
also a commonly used test to detect IgG antibodies
present to heparin-PF4-complexes in the patient’s
serum This method utilises a 96-well plate that has
been coated with heparin-PF4-complexes, which
then will capture any HIT antibodies present from
the patient’s serum. Once any unbound proteins
are washed away in the washing step, a secondary
antibody labelled with an enzyme is added to
identify the presence of captured HIT antibodies.
Finally, after an incubation period, a colorimetric
reaction is used to measure the amount of enzyme
activity and as a result, the amount of HIT antibodies
in the patient’s serum. The intensity of the colour
reaction is directly proportional to the concentration
of the antibodies present in the sample (Warkentin
and Greinacher 2004).

2. Chemiluminescence immunoassay (CLIA) -
AcuStar (Werfen): This is a quick and automated
chemiluminescence test that uses magnetic particles
coated with PF4/polyvinyl sulfonate (PVS) to detect
IgG associated with anti-PF4/heparin antibodies.
The test involves incubation of magnetic particles
with the patient's serum or citrated plasma, followed
by a wash step. An isoluminol-labeled antihuman
IgG antibody tracer is then added, which binds to
the captured anti-PF4/heparin antibodies on the
particles. After another incubation and washing,
reagents that emit light are added, and the emitted
light is directly proportional to the concentration
of anti-PF4/heparin antibodies in the sample
(Warkentin 2019). Results are available in about 30
minutes after preparation of the sample.

3. Particle Gel Immunoassay (PaGIA) — Biorad: This
assay is a type of immunoassay that is based on
the principle of antigen-antibody binding. In this
test, heparin-PF4 complexes are bound to particles,

Australian Journal of Medical Science February 2024 Vol. 45 No. 1

65



66

usually latex particles or beads, and used to detect
HIT IgG, IgM and IgA antibodies in a patient's serum.
The assay is performed by mixing a sample of
patient serum with the heparin-PF4 particles. If HIT
antibodies are present in the patient’s serum, they
will attach to the heparin-PF4 particles and create a
complex. The next step is the addition of a gel matrix
that contains anti-human IgG antibodies which will
capture any complex formed by the HIT antibodies
and heparin-PF4 particles. As a result, a visible gel
agglutination ring appears, which indicates the
presence of HIT antibodies in the patient’s serum
(Sachan et al 2013). Although PaGIA has lower
sensitivity and specificity than ELISA, it can still be
helpful in identifying heparin-dependent antibodies
in patients with suspected HIT.

4. Lateral flow immunoassay (LFIA): LFIA is a rapid
point-of-care test that uses a disposable test
cartridge to detect HIT antibodies in patient serum.
This test is less sensitive and specific than ELISA, but
it provides rapid results and is more convenient for
screening purposes (Gardiner et al 2014). The STic®
Expert HIT kit (Diagnostica Stago, Asnieres, France)
employs a lateral flow immunoassay technique to
identify IgG antibodies that bind to PF4/polyanion
complexes. These complexes are located within an
evaluation card and the test takes 10-20 minutes to
complete (Kumar et al 2019).

5. Latex immunoassay (LIA): This assay is still under
the category immunoassays; it differs from typical
immunoassays like the ELISAs in terms of how
it operates. In the LIA, the presence of PF4/H
reactive antibodies in a patient's plasma leads
to the inhibition of particle agglutination due to
competition with a monoclonal antibody that mimics
HIT. This unique characteristic has led to the term
"functionalized immunoassay" being associated
with the LIA. The implication is that the LIA may offer
diagnostic specificity that falls between the highly
specific functional assays (such as the SRA) and the
less specific PF4-dependent ELISAs (Warkentin et al
2017).

A summary of these assays in shown in Table 1.

Various  antibody-capturing  platforms, such as
ELISA-based methods, particle gel, and turbidimetry,
are utilized by immunoassays to detect anti-PF4-heparin
antibodies. These immunoassays exhibit high sensitivity
(exceeding 99%) which makes them suitable as an initial
screening test for heparin-induced HIT (Sahu et al 2020).
However, their diagnostic specificity is relatively low,
ranging from 30% to 70%, primarily due to the occurrence
of asymptomatic seroconversions.

This limitation results in a reduced positive predictive
value.

Typically, only 10% to 50% of patients with positive
immunoassay results possess platelet-activating
antibodies associated with HIT. Despite this drawback,
immunoassays offer the advantage of being routinely
performed by most laboratories and provide rapid
response times (Sahu et al 2020).

Nagler et al (2016) noted significant variations among
different types of immunoassays regarding antibody
specificity, thresholds and confirmation steps. Out of all
the tests, only five demonstrated a combination of high
sensitivity (> 95%) and high specificity (> 90%). These are
the polyspecific enzyme-linked immunosorbent assay
(ELISA) with an intermediate threshold (Genetic Testing
Institute, Asserachrom), particle gel immunoassay, lateral
flow immunoassay, polyspecific chemiluminescent
immunoassay (CLIA) with a high threshold, and
immunoglobulin G (IgG)-specific CLIA with a low
threshold (Nagler et al 2016). Results at the borderline
level (sensitivity 99.6%; specificity 89.9%) were observed
for 1gG-specific Genetic Testing Institute-ELISA with a low
threshold. Tests with high thresholds (ELISA; IgG-specific
CLIA), a combination of 1gG specificity and intermediate
thresholds (ELISA, CLIA), a confirmation step using high-
dose heparin (ELISA), and particle immunofiltration assay
demonstrated inadequate diagnostic accuracy (Nagler et
al 2016).

Functional assays

HIT platelet activation assays such as the SRA and
heparin-induced platelet activation (HIPA) test, measure
platelet activity using the patient's serum and various
concentrations of heparin (Refaai et al 2019). These tests
are more specific for clinically significant HIT antibodies
than the immunological ‘screening’ assays. They are
difficult to perform however and are time-consuming,
requiring expertise in specialized laboratories. They are
typically performed after a positive immunoassay result
has been obtained, which further delays the confirmation
or exclusion of the HIT diagnosis (Refaai et al 2019).

1. Serotonin release assay (SRA) is a functional assay
used for the laboratory diagnosis of pathological HIT.
This assay measures the release of serotonin from
platelets in response to heparin and the presence
of HIT antibodies in the patient's serum (Warkentin
2019). The test is the gold standard for HIT diagnosis
because it directly measures platelet activation.

In the SRA test, donor platelets are incubated with
the patient serum in the presence of heparin.
The platelets are then washed and exposed to
aggregating agents, which induces the release of
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Table 1. Summary of heparin-induced thrombocytopenia immunological assays (from Joseph et al 2019).

Assay Results Principle Advantages Disadvantages
ELISA | Quantitative | ELISA, PF4/H surface Optical density (OD) results and Long turnaround time due to tests
bound. cut-off value. performed in batches.
High negative predictive value. Typically, not possible for an
on-demand testing for a single patient.
A confirmatory step using high
heparin concentration is possible.
CLIA | Quantitative | Chemiluminescence assay. | On demand testing. Can only be performed using a specific
manufacturer.
Detects IgG antibodies Fast turnaround time.
associated with HIT. High-priced reagents.
Very high negative predictive value.
Occasional false negatives.
LIA Quantitative | Agglutination based assay | Quick turnaround time. Instrumentation is necessary.
using latex particles.
Primarily detects IgG isotype. Limited to IgG detection.
High cost.
PaGIA | Qualitative | Agglutination test Fast turnaround time. Must use a centrifuge from a specific
incorporating heparin- manufacturer instrument/kit.
PF4 coated coloured Able to detect multiple
polystyrene particles. immunoglobulin isotypes (IgG, IgM | Not IgG-specific.
and IgA).
Capable of detecting IgG, Result interpretation by visual
IgM and IgA. examination and subjectivity.
LFIA Qualitative | Specific for IgG antibody Fast turnaround time (fastest of all | Result interpretation done by visual

using qualitative
immunochromatography.

heparin-induced thrombocytopenia
assays).

Very sensitive assay to IgG antibody.

assessment.

Reduced positive predictive value
(<50%).

Not recommended for weak
antibodies.

Occasional false negatives.

Limited to IgG detection.
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serotonin. The amount of serotonin released is
measured and compared to a reference. A positive
HIT SRA result is usually identified by serum-induced
platelet serotonin release at therapeutic heparin
low dose of 0.1 U/mL but inhibited at high dose
of heparin 100 U/mL . SRA is a highly specific test
and has a low false positive rate. It is technically
demanding and time-consuming and requires fresh
donor platelets, which can limit its availability. The
test is also requires use of radioisotopes and is more
expensive than other HIT assays (Warkentin 2019).

The platelet serotonin release assay (SRA) was
developed in 1986 at McMaster University in
Hamilton, ON, Canada. This test established optimal
conditions to activate platelets obtained from
normal donors using serum or plasma from patients
with HIT (Warkentin 2016). The platelets were
carefully processed by washing them in a buffer
with low pH, no calcium, and containing apyrase to
prevent activation by adenosine diphosphate. They
were then resuspended in a calcium-containing
buffer at physiological pH. This method proved to
be superior to the classic platelet aggregometry
based on platelet-rich plasma (PRP). The McMaster
SRA became widely recognized as a "gold standard"
for HIT diagnosis. Several studies demonstrated a
higher likelihood of unexplained thrombocytopenia
among patients with positive SRA results compared
to those with positive ELISA results only or control
subjects with negative results. During the SRA, the
washing step releases sufficient platelet factor 4
(PF4) to allow activation by HIT sera. To enhance the
sensitivity of the SRA, platelets from donors known
to react well to HIT sera (referred to as "pedigree"
donors) are used, and "weak-positive" control
sera are included in each experiment to ensure
adequate platelet reactivity (Warkentin 2016). In
Australia, the only validated functional assay is the
serotonin release assay (SRA), which is batch tested
and is only available through the Prince of Wales
(POW) laboratory in Sydney, New South Wales. It is
unsuitable for STAT or urgent testing (Favaloro 2018).

The heparin-induced platelet activation (HIPA)
test which also employs washed donor platelets, is
similar to the SRA. The primary difference lies in the
platelet activation endpoint (Warkentin et al 2015)
where the lag time to aggregation in each reaction
well is visually observed. The test does not require
radioisotope use (Warkentin et al 2015). In the
SRA test a single previously identified responsive
donor is used but in the HIPA test, platelets from
(typically) four previously untested donors are
used. Selleng et al (2015) suggested that the HIPA

may produce platelet aggregation in some samples
that test negative in the SRA, indicating a potential
for false-positive results with HIPA. The HIPA assay
is typically employed in North America and where
SRA is otherwise unavailable. It is particularly well
suited to sites that have access to platelet donations
(i.e. blood banks) (Selleng et al 2015).

Diagnostic laboratory challenges

The lack of a gold standard diagnostic tool is one of the
primary challenges in recognizing pathological HIT cases.
Clinical suspicion, a decline in platelet count, and a
positive HIPA or SRA for HIT antibodies are now considered
standard diagnostic criteria for HIT. These tests need
specialized laboratories and qualified technical staff,
and they have limitations including false-positive and
false-negative findings. There is no universal agreement
on the best cutoff values or positive thresholds, and the
interpretation of these tests might be challenging.

Detecting clinically significant HIT is challenging due to
the fact that only a small fraction of anti-PF4/polyanion
antibodies produced in response to heparin are
pathogenic and capable of causing platelet activation,
which is a hallmark of HIT (Warkentin 2020).

Thrombocytopenia is a common occurrence in
hospitalized patients treated with heparin, so testing for
HIT antibodies is frequently performed. Distinguishing
between pathogenic and nonpathogenic antibodies
is crucial. Platelet activation tests such as the SRA
and HIPA can detect antibodies that have platelet-
activating properties, which are strongly correlated
with pathogenicity (Warkentin 2020). Immunoassays
are nonetheless typically used as the initial test for HIT.
Clinicians who have access to rapid, on-demand HIT
immunoassays, such as particle gel immunoassay, latex
immunoturbidimetric assay, and chemiluminescent
immunoassay, can adopt semiquantitative interpretation
methods (Warkentin 2020). For example, a strong-
positive immunoassay result or a combination of
positivity in two immunoassays may suggest a higher
likelihood of detecting platelet-activating antibodies
and, consequently, support a HIT diagnosis. Given that a
(false) negative platelet activation assay may occur, the
recent identification of SRA-negative HIT underscores
the importance of semiquantitative interpretation of
immunoassays. Clinicians should therefore pay careful
attention to immunoassay reactivity as a possible
clue to HIT, even in the absence of platelet activation
(Warkentin 2020).
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4T Score System

Clinical probability scores are used to determine the
likelihood of a patient's thrombocytopenia being
caused by pathogenic platelet-activating HIT antibodies
prior to testing. Given the common occurrence of
thrombocytopenia and non-pathogenic HIT antibodies
in hospitalized patients, these scores aid in decision-
making both before and after laboratory tests are
conducted. The 4T score is the most used clinical
probability score (Joseph et al 2019). The 4T score is
an abbreviated form of Thrombocytopenia, Timing of
platelet count fall, Thrombosis and likelihood of oTher
causes of thrombocytopenia (Table 2). Each parameter is
assigned a score of 0, 1, or 2, based on specific criteria,
with the results tabulated resulting in a total score
ranging from 0 to 8 (Hvas et al 2021).

Low 4T score (0-3) indicate a low probability of HIT and
has a significant negative predictive value, thus making it
an effective tool for ruling out HIT diagnosis. Pouplard et
al (2007) demonstrated that a 4T score of < 3 was found
to have a significant negative predictive value for HIT
(0.998; 95% Cl, 0.970-1.000) (Pouplard et al 2007). The 4T
score does however have a few limitations that should be
recognized and missing information may lead to false low
4T score. The combined high (6-8) and intermediate (4,5)
scores have a poor positive predictive value since other
conditions than HIT can yield similar findings. According

to the study by Cuker et al (2012), the combined high
and intermediate the probability scores had a positive
predictive value of 0.22 (0.15-0.31). Nevertheless, high
(6-8) and the intermediate (4-5) scores would provide a
basis for laboratory testing (Cuker et al 2012).

While the 4T score system has proven to be helpful
in clinical practice, it is important to acknowledge its
limitations. The main limitations of the 4T score system
include its subjectivity, lack of sensitivity and specificity,
and potential for overdiagnosis or underdiagnosis.

The 4T score system relies on subjective clinical
judgment when evaluating the four key parameters:
Thrombocytopenia, Timing of platelet count fall,
Thrombosis or other sequelae, and the presence of
oTher causes of thrombocytopenia. Different clinicians
may interpret these parameters differently, leading to
potential variability in scoring and subsequent diagnostic
decisions.

1. The 4T score system was developed to aid in clinical
decision-making, but it is not a definitive diagnostic
tool. It has limited sensitivity and specificity,
meaning it may not accurately identify all cases
of HIT or differentiate them from other causes of
thrombocytopenia. False-positive or false-negative
results are possible, and additional confirmatory
tests may be required.

Table 2. The 4T score according to Warkentin (2003) is a guideline for determining the likelihood of HIT before laboratory testing.

Score 2

Thrombocytopenia

>50% decrease or platelet
nadir > 20 x 1079/L.

30- 50% decrease or platelet
nadir 10-20x1079/L.

< 30% decrease or platelet
nadir < 10 x 1079/L.

Days 5-10 of clear onset or
platelet declining < 1 day

Unclear, but consistent with
days 5-10 declining of platelets

Early onset of platelet declining
(without recent heparin use).

Timing (previous heparin exposure | (e.g. missing platelet counts)

within 30 days). or onset of thrombocytopenia

after day 10.

Skin necrosis, new Erythematous skin lesions, None
Thrombosis thrombosis, and a sudden recurring or progressive

systemic response to a thrombosis, and suspected yet

heparin bolus. unconfirmed thrombosis.
oTher cause for There is no other apparent Possible Definite

low platelets

explanation for the platelet
count declining.

4T score rating: 6-8 = high; 4-5 = intermediate; 0-3 = low (Pouplard et al 2007).
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2. The subjective nature of the 4T score system and
its reliance on clinical judgment can contribute
to both overdiagnosis and underdiagnosis of HIT
Overdiagnosis may lead to unnecessary cessation
of heparin therapy or initiation of alternative
anticoagulation, which carries its own risks.
On the other hand, underdiagnosis may result in
continued exposure to heparin, potentially leading
to serious complications (Cuker et al 2012).

It is important to note that the limitations of the 4T score
system have been recognized by the medical community.
Efforts are underway to improve diagnostic accuracy
by incorporating laboratory tests, such as platelet
activation assays or immunoassays, to complement the
clinical assessment. These tests can provide additional
information to support or refute the diagnosis of HIT.

The 4T score is also mainly used as a clinical tool to guide
therapy while anticipating the results of laboratory tests
and to support decision-making when those results are
made available. The 4T score assists doctors in estimating
the probability of HIT and can assist in initiating or ceasing
HIT-directed treatments (Cuker et a/ 2012).

Future testing for HIT

HIT remains an important clinical challenge and ongoing
research is focused on improving the accuracy and
efficiency of HIT screening tests. One area of development
in the future testing of HIT screen is the exploration of
alternative biomarkers and novel assay techniques.

Studies have investigated the potential use of new
biomarkers such as PF4/polyanion complexes and anti-
PF4/H antibody isotypes other than IgG, such as IgA, IgM,
HIT diagnosis (Warkentin 2019).

Advancement in assay techniques is being further
explored. For instance, point-of-care testing (PoCT)
devices and rapid tests are being developed to provide
immediate results at the patient’s bedside, enabling
timely decision-making (Cuker et al 2018). Additionally
advancements in laboratory based assays, such as
improved ELISAs, CLIAs and flow cytometry-based assays,
are being investigated to enhance the accuracy and
efficiency of HIT screening (McKenzie 2022).

It is important to note that the field of HIT screening
is rapidly evolving and ongoing research is needed to
validate these future testing approaches and determine
their clinical utility.

Conclusions

Currently, screening methods for HIT encompass a
combination of clinical assessment and laboratory
testing. The 4T score system is commonly employed as

a clinical tool to evaluate the probability of HIT; however
it is not without limitations. The subjective nature of
the 4T score system introduces variability in scoring and
subsequent diagnostic decisions, and it may not possess
the desired sensitivity and specificity. This can result in
both overdiagnosis and underdiagnosis of HIT, leading to
potential adverse consequences.

To address these limitations and enhance diagnostic
accuracy, future testing methods are being explored in
the context of HIT screening. In Australia, the
implementation of laboratory assays such as platelet
activation assays or immunoassays holds promise.
The AcuStar has a high specificity and sensitivity but it
also has limitations including that it is only available in
metro areas, it is an expensive test and requires specific
instrumentation and kits. Other screening tests such
as ELISA are only available in selected laboratories and
only performed in batches. These tests however, can still
provide additional objective information to complement
the clinical assessment, aiding in the identification
and differentiation of HIT from other causes of
thrombocytopenia. The integration of such tests into
the HIT screening process has the potential to improve
diagnostic precision, reduce unnecessary treatment
modifications, and minimize the risk of complications
associated with misdiagnosis.

It is important for clinicians and scientists in Australia
to be aware of the limitations of current HIT screening
methods and to stay updated on advancements
in diagnostic techniques. Continued research and
development in this field are crucial for refining the
screening process and ensuring optimal patient care.
By combining clinical judgment with laboratory testing,
clinicians can strive for more accurate and reliable
HIT diagnosis, leading to improved patient outcomes.
There are plenty of opportunities forimprovement within
all laboratories for HIT screening methods.

It remains important to consult current guidelines,
protocols, and recommendations from relevant
Australian healthcare authorities for the most up-to-date
information on HIT screening methods and limitations.
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(see: http://www.stard-statement.org/). The principles outlined
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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
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e 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 notinclude 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
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Materials & methods
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Results
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Discussion
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the implications of the findings and their limitations and compare
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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.
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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).

Examples of the correct form for references are given below:

Journal Reference:

Stein MK, Downing RW, Rickels K 1978. Self-estimates in anxious
and depressed outpatients treated with pharmacotherapy.
Psychol Rep 43: 487-492.

Personal Author(s) of a book:

Osler AG 1976. Complement: mechanisms and functions.
Englewood Cliffs: Prentice-Hall.

Editor, Compiler, Chairman as Author:

Rhodes AJ, Van Rooyen CE, comps. 1968. Textbook of virology: for
students and practitioners of medicine and the other health
sciences. 5th ed. Baltimore: Williams and Wilkins.

Chapter in Book:

Weinstein L, Swartz MM 1974. Pathogenic properties of invading
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds.
Pathologic physiology: mechanisms of disease. Philadelphia:
WB Saunders; 457-472.

Online documents:

National Center for Biotechnology Information. OMIM:
online Mendelian inheritance in man. http://
www.ncbhi.nlm.nih.gov/omim. Accessed February 25, 2007.
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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:
*+ F § q ** +t

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.

lllustrations

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 e+ -~ N

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
maghnification 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
U 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
rom revolutions per min
s second
wk week
yr year

Additional information

The following are useful sources of information. The first two
publications are used by the AJMS as standard references.

Style Manual Committee. Council of Biology Editors. Scientific style
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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Medical Training Solutions
NlTS ﬂ Online Training and Competency Assessment

whwnw, miedtraiminguorng

for the Clinical Lab and Point of Care

Features/Benefits

¢ Streamlined tracking and documentation;

e High quality multimedia content developed with the University of Washington;
e QOver 50 hours of Continuing Education (CE) credit;

e Create your own tests;

¢ Upload and track your existing documents;

e 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:

e Safety

e Specimen Collection
e Microscopy

e Molecular Techniques
e Chemistry

e Haematology

e Coagulation

¢ Microbiology

¢ Body Fluids

e Blood Banking

¢ Immunology

e and more!!
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Australian Institute of Medical and Clinical Scientists
A |

Fellowship of AIMS

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.

TRANSFUSION SCIENCE Qualification for the Fellowship is by EXAMINATION

in one of the eight disciplines.

CLINICAL BIOCHEMISTRY Candidates for the Fellowship must have been

members for a minimum of two years and must

HAEMATOLOGY meet certain other criteria.

The Fellowship program is modular - candidates

ANATOMICAL PATHOLOGY must complete:

e two compulsory modules
* two elective modules

IMMUNOLOGY e avivavoce examination

e ascientific diseration OR a successful
relevant research degree thesis completed

within the last two years (eg Honours,
MICROBIOLOGY
CROBIOLOG Masters, PhD); OR a relevant paper

published in a peer reviewed journal.

GENERAL (including Core Laboratory)

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
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qualified v

' I I I competent v

Australian Council for the Certification of the : ¥ e f
Vedical Laboratory Sclentific Workforce cel l | [ led v

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:

e Completed their required CPD activities;
e 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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CALL FOR SUBMISSIONS

SUBMIT YOUR ARTICLE TO THE AJMS TODAY

Submit your article to our journal to be shared with the Medical Science
community.

The Australian Journal of Medical Science (AJMS) will consider for
publication any paper relevant to the field of Medical Science.

Disciplines include:

e Blood Banking e Immunology

e Clinical Biochemistry e Microbiology

e Haematology e Molecular biology
e Histopathology

Areas of general interest to medical laboratory scientists will also be
considered, including:

e Toxicology
e Epidemiology

e Public and Community Health
e Professional and Management Issues

Papers published in the AJMS are in the form of original articles, case
studies, discipline updates, opinion pieces and review articles.

All successful articles will be peer reviewed and published online and print.

We look forward to reading your work!

LI

EMAIL YOUR ARTICLE TO §

programs@aims.org.au

ONSFL
ST
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