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ABSTRACT
Introduction The human gut microbiota has the potential 
to modulate the outcomes of several human diseases. 
This effect is likely to be mediated through interaction 
with the host immune system. This protocol details the 
establishment of a biorepository of clinically annotated 
samples, which we will use to explore correlations 
between the gut microbiota and the immune system 
of immune- compromised patients. We aim to identify 
microbiome- related risk factors for adverse outcomes.
Methods and analyses This is a protocol for the 
development of a biorepository of clinically annotated 
samples collected prospectively across three centres 
in Melbourne, Australia. Participants will be recruited 
across the following clinical streams: (1) acute leukaemia 
and allogeneic stem cell transplant; (2) end- stage liver 
disease and liver transplant; (3) patients receiving any 
cancer immunotherapies (eg, chimeric antigen receptor 
therapy); (4) deceased organ donors and (5) healthy adult 
controls. Participants will be asked to provide paired 
peripheral blood and microbiota samples (stool and saliva) 
at either (1) single time point for healthy controls and 
deceased organ donors or (2) longitudinally over multiple 
prespecified or event- driven time points for the remaining 
cohorts. Sampling of fluid from bronchoalveolar lavage and 
colonoscopy or biopsy of tissues undertaken during routine 
care will also be performed.
Ethics and dissemination Ethical approval has been 
obtained from the relevant local ethics committee (The 
Royal Melbourne Hospital Human Research Ethics 
Committee). The results of this study will be disseminated 
by various scientific platforms including social media, 
international presentations and publication in peer- 
reviewed journals.
Trial registration number ACTRN12623001105639. Date 
registered 20 October 2023.

Despite advances in anti- infective strategies, 
there remains a significant burden of infec-
tion from a broad range of pathogens in 
patients with cancer and organ transplant 
recipients. New approaches to prevention 

and treatment are urgently required. Infec-
tion is the leading cause of mortality at day 
100 after allogeneic stem cell transplant.1 
Infection is also the single greatest cause 
of morbidity and mortality after liver trans-
plantation with infection occurring in up 
to 50% of recipients and the cause of death 
in up to 9% of instances.2 Immune- based 
cancer therapies, including chimeric antigen 
receptor therapy (CAR- T), are transforming 
the management of B cell leukaemias and 
lymphomas and their use is being extended 
to other malignancies.3 4 However, infections 
occur commonly in 20%–40% of CAR- T cell 
recipients by 30 days after infusion.5 6

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Sampling of the gut microbiome and host immune 
response before, during and after transplant or 
immune therapy will allow detailed phenotyping to 
better characterise the clinically relevant microbe–
microbe and host–microbe interactions.

 ⇒ The same types of samples will be collected from 
clinically distinct cohorts which will allow a con-
trast of microbiota and host interactions at clinical 
time points common to all (ie, infection or immune- 
related event).

 ⇒ This protocol represents the first description of the 
deceased organ donor enteric microbiota samples 
that will link with the respective recipient’s enteric 
microbiota samples.

 ⇒ Comprehensive dietary history, via a novel tech-
nology, prior to sample collection represents an 
important opportunity to investigate the extent to 
which dietary factors confound observations of the 
microbiota.

 ⇒ The conclusions from this study may not be gen-
eralisable to other immunocompromised cohorts 
due to the influence of geographical, dietary and 
local treatment protocols which differ between 
populations.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1232-5884
http://orcid.org/0000-0002-5111-6367
https://doi.org/10.1136/bmjopen-2024-085504
https://doi.org/10.1136/bmjopen-2024-085504
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-085504&domain=pdf&date_stamp=2024-09-12
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The gut microbiome has shown the potential to modu-
late outcomes of several human conditions including 
acute leukaemia and allogeneic stem cell transplant, a 
variety of cancers and after solid organ transplant.7–11 
This effect is likely to be mediated through interaction 
with the host immune system and the intestinal micro-
biome is a promising target for biomarker discovery and 
therapeutic manipulation.10 11 Specific bacterial micro-
biome signatures have been associated with risk of infec-
tions and immunological complications after transplant 
and immune therapies in previous studies.7 8 12 13 Loss of 
diversity and expansion of pathobionts in faecal samples 
from patients undergoing induction chemotherapy for 
acute myeloid leukemia (AML) and allogeneic stem cell 
transplant correlate with an increased risk of subsequent 
microbiologically diagnosed infection.8 14–16 Risk of acute 
cellular rejection and bloodstream infection after liver 
transplant has been associated with loss of microbiome 
diversity and expansion of pathobionts.17–19 While prior 
investigations of the microbiome in transplant and cancer 
have identified correlations between microbial features 
and clinical outcomes, more detailed host immune 
profiling and frequent stool sampling is required to draw 
more meaningful conclusions about the mechanisms 
underlying the host–host and host–microbe interaction. 
The Host Microbiome in Specialty Patient Populations 
(HOMISPEC) protocol aims to address some of these 
limitations with frequent longitudinal and event- driven 
sampling in addition to sampling from multiple compart-
ments (blood, saliva and tissues) that will allow detailed 
interrogation of these host–microbe interaction and the 
between microbe interactions.

Given the association between the microbiome and 
disease in a broad range of pathologies, strategies for 
microbiome ‘optimisation’ are likely to improve patient 
outcomes. These may include individualised prophy-
laxis, precision antibiotic stewardship and microbiome- 
targeted interventions including dietary modification, 
prebiotics and faecal microbial transplant. Definition of 
the mechanisms through which microbes interact with 
each other and the host is essential before microbiome- 
directed therapies can be translated into clinical care.20 
The objective of the HOMISPEC study is to establish a 
biorepository of clinically annotated samples from which 
a detailed exploration of the gut microbiota as both a 
biomarker of subsequent infection and a potential target 
for therapeutic manipulation can be explored.

METHODS AND ANALYSES
Study design and setting
This is a protocol for the development of a bioreposi-
tory of clinically annotated samples collected prospec-
tively across three centres in Melbourne, Australia. The 
protocol will consent participants across the following 
three sites: Peter MacCallum Cancer Centre (Melbourne, 
Victoria, Australia), Austin Health (Melbourne, Victoria, 
Australia) and Royal Melbourne Hospital (Melbourne, 

Victoria, Australia) and in collaboration with the Austra-
lian Donation and Transplantation Biobank (ADTB). The 
Peter MacCallum Cancer Centre is one of only two public 
cancer specialty hospitals in Australia while Austin Health 
is a tertiary referral centre for liver and haematopoietic 
stem cell transplantation. The ADTB is an investigator- led 
biobank undertaken in collaboration with the Victorian 
organ procurement agency (DonateLife Victoria) and 
the only donor tissue biobank in Australia.

Outcomes
The objective of the HOMISPEC study is to establish a 
biorepository of clinically annotated samples to explore 
the interaction between the host and the microbiota in 
the setting of organ transplant and immune compromise.

The outcomes of interest to be explored across patient 
cohorts will be clinically or microbiologically defined 
infection and clinically or histopathologically defined 
immune events. The occurrence, timing and outcomes 
of infectious and immunological complications will 
be determined, defined and graded according to the 
following internationally accepted criteria: (1) European 
Organisation for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group criteria 
for definition of invasive fungal disease21; (2) study22; (3) 
International Immunocompromised Host Society classi-
fication of microbiologically defined, clinically defined 
infections and fever of unknown focus23; (4) grading of 
severity from Common Terminology Criteria for Adverse 
Events24; (5) the Mount Sinai Acute GVHD International 
Consortium (MAGIC) consortium acute graft versus host 
disease (GVHD) criteria25; (6) Banff schema for grading 
liver allograft rejection26; the American Society for Trans-
plantation and Cellular Therapy (ASTCT) criteria for 
Cytokine Release Syndrome (CRS) and immune effector 
cell- associated neurotoxicity syndrome (ICANS).27

Participants and eligibility criteria
We will include participants across the following disease 
cohorts: (1) acute leukaemia and allogeneic stem cell 
transplant (HSCT); (2) end- stage liver disease and 
waitlisted for liver transplant; (3) recipients of cancer 
immune therapies (eg, CAR- T therapy); and (4) healthy 
adult controls. Controls will be identified from screening 
as those without known medical comorbidities and 
those without either overseas travel or antibiotic expo-
sures during the preceding 12 months. Participants 
will be excluded if (1) age <18 years; (2) either they or 
their medical treatment decision- maker are unable or 
unwilling to provide written and informed consent. Poten-
tially eligible patients will be identified from transplant 
and cancer service coordinators or outpatient clinics and 
will be approached and invited to participate. Deceased 
organ donor samples will be procured through collab-
oration with the Australian Donation and Transplant 
Biobank (ADTB). Participants will be followed up to 24 
months post enrolment or withdrawal of participation, 
retransplant with the same organ which will be classified 
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as graft failure and the end of follow- up or death. Patients 
who undergo retransplant for graft failure and are not 
already enrolled in the study will be eligible to partici-
pate. Patient follow- up visits will coincide with routine 
clinical visits which will limit loss to follow- up, particularly 
for participants who live in remote or regional parts of 
Australia. Healthy controls and deceased organ donors 
will have clinical data collected at a single time point only 
and will not undergo any follow- up.

Patient and public involvement
Patients play a role in the organisation of the study and the 
development of the instructional material that is provided 
to participants to assist with home sample collection. A 
broad range of disciplines including specialty medical 
teams, nursing staff, dieticians, pharmacists, laboratory 
scientists, medical student and clinical coordinators have 
assisted with the organisation and implementation of the 
study.

Data sources and measurements
Biorepository
Participants will be invited to provide stool, saliva and 
peripheral blood samples at enrolment and prespecified 
routine time points for up to 2 years (figure 1, online 
supplemental table 1). Two 9 mL blood samples will be 
collected from participants at each visit and conveyed 
immediately to the laboratory on ice (table 1). Tubes will 
be centrifuged at 4°C at 1500g from 12 min and plasma 

will be aliquoted and stored at −80°C while peripheral 
blood mononuclear cells (PBMCs) will be stored in liquid 
nitrogen. Participants will be instructed to collect a faecal 
and saliva sample at each time point. Written and illus-
trative instructions will be provided at each time point 
with a ‘stool collection kit’ and a ‘saliva collection kit’. 
Each stool kit will include an easy- to- use faecal collection 
method (DNAgenotek OM- AC1 Toilet Accessory), faecal 
collection tubes and instructions regarding how to collect 
the sample (table 1). Each saliva kit will include a saliva 
collection device and instructions regarding how to collect 
the sample (table 1). The samples may either be collected 
in the hospital or as an outpatient. If collected during a 
hospital visit, the sample will be conveyed immediately 
to the laboratory for batch processing. If the sample is 
collected at home, then it will either be transported to 
an upcoming scheduled visit for the study or returned 
via express post directly to the laboratory. Samples will be 
stored at room temperature and aliquoted and stored at 
−80°C within 7 days of collection. Additional samples of 
paired blood and stool/saliva will be collected at times 
of clinically relevant infection or immunological compli-
cations that will be notified to the investigators via the 
primary clinical teams. During routine clinical care, addi-
tional samples of fluid or tissue may also be collected 
from bronchoalveolar lavage, colonoscopy or other inva-
sive procedures (table 1). Tissues from deceased organ 
donors providing liver allografts for participants recruited 

Figure 1 Summary of HOMISPEC study design.

https://dx.doi.org/10.1136/bmjopen-2024-085504
https://dx.doi.org/10.1136/bmjopen-2024-085504
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in cohort 2 will be collected through research agreement 
with the ADTB. Fresh tissue will be procured at the time 
of organ procurement by the transplant surgical team 
and conveyed with the donor organ per institutional 
policy of static cold storage to the primary study site for 
immediate processing and storage. Where possible, blood 
samples will be drawn contemporaneously with routine 
clinical blood tests. Biological samples will be processed 
and stored at the site of recruitment and will be batch 
analysed.

Laboratory data
Laboratory data will be obtained from the local biochem-
istry and haematology laboratory reporting systems at 
each participating site. Laboratory data will include full 
blood count, urea and electrolytes, liver function tests, C 
reactive protein and microbiological test results.

Baseline questionnaire
Prior to collection of samples, participants will be asked 
to complete a baseline questionnaire (box 1). This ques-
tionnaire has been adapted from an existing protocol for 
human gut microbiome sampling as part of the American 
Gut Project.28

Dietary data
Dietary intake will be self- reported by participants for 
the 48 hours prior to routine sample collection via the 
Keenoa mobile app. Keenoa is a smartphone image- based 
dietary assessment app that recognises and identifies food 
items using artificial intelligence and permits editing of 
food journal in real time.29

Clinical data
Baseline demographic information will be prospectively 
collected from the electronic medical record at each site. 
We will specifically gather information on the disease 
characteristics of each of the cohorts enrolled in addition 
ECOG Performance Status.30 Characteristics of hospital-
isation during subsequent induction chemotherapy, allo-
geneic stem cell transplant, liver transplant or treatment 
with immune therapies will be collected.

Deceased organ donor samples and clinical data
Deceased organ donors will have deidentified tissue 
samples from the biliary and gastrointestinal tract made 
available through a research collaboration with the ADTB 
(HREC/48184/Austin- 2019). Donor samples and basic 
demographic data routinely collected by the local organ 
procurement agency will be accessed (table 1).

Study size
The HOMISPEC study aims to further our understanding 
of the host–microbe and the microbe–microbe inter-
action in the context of cancer treatment and trans-
plantation. Due to the nature of a biorepository and an 
exploratory cohort study, not all research questions are 
predefined and will arise during the course of the study. 
The study will enrol over a 5- year period. An estimated S
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Box 1 HOMISPEC Participant Baseline Questionnaire

Personal information (please complete the following)
1. What is your country of birth?
2. What is your race/ethnicity?
a. Caucasian
b. Aboriginal and Torres Strait Islander
c. Asian
d. Pacific Islander
e. African
f. Middle Eastern
g. Other** Please explain in the supplemental answer section
Supplemental question regarding ethnicity
Race/ethnicity:
3. What is your weight (kg):
4. What is your height (cm)
5. How would you classify your diet?
a. I eat anything with no exclusions (omnivore)
b. I eat anything except red meat
c. Vegetarian
d. Vegetarian but eat seafood
e. Vegan
f. paleo- diet or primal diet
g. modified paleo diet
h. raw food diet
i. FODMAP
j. Westen- Price, or other low- grain, low processed food diet
k. Kosher
l. Halal
m. Exclude nightshade vegetables (ie, white potatoes, tomatoes, egg-

plant, cayenne pepper, paprika, capsicums)
n. Exclude dairy
o. Exclude refined sugars
p. Other restrictions not described here
6. How frequently do you take a probiotic? (any product specifically labelled 
as a ‘probiotic’. This does not include yoghurt or other dairy products)
a. Never
b. Rarely (a few times/month)
c. Occasionally (1–2 times/week)
d. Regularly (3–5 times/week)
e. Daily
7. Do you smoke tobacco?
a. Yes
b. No

General Information (please complete the following)
8. I have travelled outside of Australia in the past……. (**If you an-
swered a, b, or c, please explain in the supplemental answer section 
immediately after)
a. Month**
b. 3 months**
c. 6 months**
d. 1 year
e. I have not been outside of Australia in the past year.
Supplemental question regarding Travel:
What countries:
How many days in each country:
9. How many people do you live with?
a. None
b. One
c. Two

Continued

Box 1 Continued

d. Three
e. More than three
10. Do you have pet(s) at home:
a. Yes** Please explain in the supplemental answer section
b. No
Supplemental answer regarding Pets:
Indoor/outdoor or confined:
Contact extent (ie, lick face, sleep in the bed with you etc):
11. On average, how many nights in a given week do you have an alcoholic 
beverage?
Answer:
12. How many alcoholic drinks do you usually have when you do drink?
a. 1
b. 1–2
c. 2–3
d. 3–4
e. 4+
f. I don't drink
13. How often do you brush your teeth?
a. 2+ times/day
b. 1–2 times/da
c. Once a day
d. Never
e. I have dentures: either:

 – Single dentures
 – Top and bottom denture

14. How often do you floss your teeth?
a. Daily
b. Regularly (3–5 times/week)
c. Occasionally (1–2 times/week)
d. Rarely (few times/month)
e. Never

General Health Information (please complete the following)
15. Have you ever had abdominal surgery?
a. Yes
b. No
If so, what surgery?
a. Gallbladder removal
b. Appendix removal
c. Partial or total small bowel removal
d. Partial or total large bowel removal
e. Other:
16. How many times do you have a bowel movement in an average day?
a. Less than one
b. One
c. Two
d. Three
e. Four
f. Five or more
17. Describe the quality of your bowel movements31 (figure 2):
a. I tend to be constipated (types 1–2)
b. I tend to have diarrhoea (watery stool) (types 6–7)
c. I tend to have normal formed stool (types 3–5)
18. I have taken antibiotics in the last ______. (If you answered a or b, 
please indicate which antibiotic you took and what you were treating in 
the supplemental answer section)
a. Week**
b. Month**

Continued
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140 HSCT and 100 liver transplants are undertaken annu-
ally across the three sites. We estimate an 80% inclusion 
and 20% dropout rate across the different cohorts and 
anticipate up to 768 participants may be enrolled over the 
5- year study period.

Withdrawls
Participants will be free to withdraw from the study 
without consequence at any time and will be asked to 
sign a withdrawal of consent form indicating this. During 
the consent process, all participants will be informed 
that if they choose to withdraw after the analysis has 
been published, any deidentified data already uploaded 
to a publicly accessible database as part of a peer- review 
publication cannot be retracted. In these circumstances, 
the biological samples including any blood, stool, saliva 
or urine collected until the withdrawal will be analysed. 
Patients that withdraw from this cohort study will not be 
replaced. Any participants who have been enrolled but 
who do not meet all the prespecified time points for 
providing specimens and clinical data will be included 
in the analysis. This study is exploratory and hypothesis 
generating and therefore, while the sensitivity to detect 
outcomes will be reduced, the power of the study will be 
minimally affected.

Data management
Data collection
Source data will be attributable, legible, contempora-
neous, complete, consistent, original and accurate per 
the Australian Code for the Responsible Conduct of 
Research. Patient data will be reidentifiable at the site 
of recruitment with source data and then linked to a 
unique study number. A master list of participants will 
be retained by the Study Coordinator at each partici-
pating site. Only unique participant study numbers will 
be entered into the electronic case report forms (eCRFs). 
Patient data will be collected using eCRFs; these will be 
completed by qualified and authorised study personnel. 
The eCRFs will be hosted in a secure electronic data 
capture system (REDCap) that maintains a computer- 
generated, time- stamped audit trail hosted by the Univer-
sity of Melbourne. The electronic data collection system is 
password protected and only authorised study personnel 
will have access. Participant nutritional data collected via 
the Keenoa mobile app will be deidentified, encrypted 
and stored in a secure data capture system that main-
tains a computer- generated, time- stamped audit trail of 
all activity and for which there will be a formal research 
agreement. All samples are stored at −80°C or in liquid 
nitrogen and sample information is logged in a linked 
electronic database.

Data storage and preservation
Source data, which includes participant identifying 
information, will be kept within the swipe- card accessed 
Department of Infectious Diseases at Austin Health and 
Peter MacCallum Cancer Centre in a locked filing cabinet. 
Electronic CRFs will be securely stored for an indefinite 
period. Only authorised personnel have access to the 
database. This control extends to staff holding honorary 
appointments at the collaborating institution. The clin-
ical research team at each site will be responsible for data 
collection under supervision of the site principal investi-
gator. These data are stored on an encrypted server only 
accessible by the study investigators. Sequencing data will 
be stored in a deidentified format on a secure server and 
will only be accessible by the study investigators.

Data analyses
In the data analysis phase, only deidentified data perti-
nent to the study objectives will be used by named inves-
tigators at collaborating institutions. If there is a need for 
data analyses by an external collaborator, only deiden-
tified data will be shared. Analysis will be conducted in 
accordance with the specified methods planned for this 
project ensuring the accuracy and validity of the results. 
Individual participants will not be identifiable from any 
presented or published material.

Data governance
The principal investigator will be the REDCap Data Custo-
dian and will be responsible for the management of data 
generated and collected. As the custodian of the research 

Box 1 Continued

c. 6 months
d. Year
e. I have not taken antibiotics in the past year.
Supplemental answer regarding antibiotic/s:
Name:
Treatment for:
Duration:
19. My weight has _________ within the last 6 months.
a. Increased more than 5 kg
b. Decreased more than 5 kg
c. Remained stable

Figure 2 Bristol Stool Chart.
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data, the investigator is also accountable for the analysis 
and preservation of the data through to publication.

Data sharing
Study sites may choose to share deidentified patient data 
with external collaborators at other institutions following 
written consent from the lead investigator for those partic-
ipants who consented to future research. A formal data- 
sharing agreement will be undertaken between the study 
site and any collaborators prior to transfer. Any future 
data- sharing agreement for future research will ensure 
data security and patient confidentiality is maintained.

Storage and access to the biorepository
All samples will be processed, deidentified and annotated 
with a unique laboratory code linked to clinical data and 
stored at −80°C in locked freezers or liquid nitrogen at 
either Austin Health or Peter MacCallum Cancer Centre 
(table 1). Access to laboratories and storage facilities is 
gained via swipe card access. Samples will be stored indef-
initely for future research projects and accessed only by 
accredited staff involved in the processing and analysis of 
the samples. Patients will retain the right to have their 
samples removed from the biorepository and destroyed at 
any time by contacting the study doctor and return of the 
withdrawal of consent form. If the patient decides to have 
their samples destroyed, any data or analysis that were 
done before the request cannot be removed. However, 
no additional analysis will be done on remaining samples 
and all remaining samples will be destroyed. The prin-
cipal investigator and the accredited research staff in the 
research laboratories at the Peter MacCallum Cancer 
centre and Austin Health are responsible for the destruc-
tion of the samples.

ETHICS AND DISSEMINATION
The study has been approved by The Royal Melbourne 
Hospital Human Research Ethics Committee 
(HREC/61563/MH- 2021) in Melbourne Australia 
with local site governance approval at Austin Health 
(SSA/61563/Austin- 2021), Peter MacCallum Cancer 
Centre (SSA/61563/PMCC) and Melbourne Health 
(SSA/61563/MH- 2021).

All eligible participants will be provided with a verbal 
explanation of the project and written information 
included in the consent form. One of the study investi-
gators will thoroughly assess the participants competence 
and capacity to make an informed decision before the 
participants are recruited. All participants will be deemed 
competent if they (1) can comprehend and retain infor-
mation relevant to making the decision, (2) understand 
the information and implications of the decision and 
(3) are able to evaluate the information and decide. For 
competent non- English speaking participants, an inter-
preter can be used as needed.

The final data set and biorepository will be the propriety 
of each recruiting site and a contractual agreement was 

signed between all participating sites and Melbourne 
Health. The investigational team will determine author-
ship concerning the International Committee of Medical 
Journal Editors guidelines. The results of this research 
project will be published and presented in various scien-
tific forums without any identifying participant informa-
tion. The data collected from the collaborating study sites 
mentioned will be analysed together and might serve for 
local practice change in the implicated hospitals. The 
protocol, deidentified participant- level data set and the 
statistical code will be available on request after the study 
is completed and findings published.
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