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The early days of the genomic revolution—from the Asilomar
Conference on Recombinant DNA in 1975 to the founding of the
Human Genome Project in 1990—were marked by awareness
among researchers, government officials, and policy makers that
emerging scientific knowledge raised a host of ethical, legal, and
social challenges. Scientists now undertaking research on the hu-
man microbiome—including those engaged in the National In-
stitutes of Health’s (NIH) latest Roadmap initiative, the Human
Microbiome Project (HMP)—confront a similarly uncharted ethi-
cal landscape. Not only does the conduct of human microbiome
research raise important ethical considerations, but the long-
term implications of the HMP also present the possibility of fun-
damental shifts in understandings of human life and health.
The HMP is one of several international efforts to use meta-
genomic analysis to study human health. It is estimated that
there are 10 times as many microbial cells than human cells in
and on our bodies (Turnbaugh et al. 2007). We already know that
human microbiota (i.e., all the microorganisms that inhabit the
skin and mucous membranes) in certain sites of the body play an
essential role in maintaining health and normal function (e.g.,
synthesis of vitamin K in the intestinal tract) (Lupp and Finlay
2005). The HMP aims to create a reference catalogue of microbial
DNA that can be used as a resource to explore whether or not
humans have a “core” microbiome (i.e., a microbiome that is
common to all humans); whether there is stability in an indi-
vidual’s microbiota through different periods in that individual’s
life; whether there are similarities in microbiomes within fami-
lies, communities, and different environments (Palmer et al.
2007); and ultimately, whether or not changes in the human
microbiome can be correlated with changes in human health.
A total of $8.2 million was awarded in 2007 to four institu-
tions (Baylor College of Medicine, The Broad Institute, The ]J.
Craig Venter Institute, and Washington University) to conduct
the first phase of human sampling in the HMP. Samples are being
collected from ~250 healthy adults from five body sites: the oral
cavity, skin, nasal cavity, gastrointestinal tract, and vagina, for a
total of 18 subsites for women and 15 subsites for men. Periph-
eral blood is also being collected for human DNA sequencing and
serum banking (to evaluate possible immune responses to the
microbiome). Subjects will be screened using a general health
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questionnaire. Exclusion criteria for conditions that may influ-
ence the stability of the microbial environment, including taking
specific medications (e.g., antibiotics, immunosuppressive
agents), major dietary changes, history of cancer (exception of
certain skin cancers) or chronic immune-mediated disorders
(e.g., inflammatory bowel disease, psoriasis), history of chronic
candidiasis (yeast infection), or active sexually transmitted dis-
eases (e.g., gonorrhea) within the previous 2 mo for females.
Children under the age of 18 and adults beyond the age of 40 will
be excluded because of the need for a relatively uniform human
population, especially considering the sample size and extent of
potential variation within the human microbiome. Concerns
about profound physiologic changes during adolescence and
menopause in women also necessitate tighter boundaries to the
age range. Each subject will provide at least one set of specimens
within the first year, and at least 50% of these individuals are
expected to participate in follow-up sampling within 12 mo of
the initial sampling at all body sites. At least 10 subjects will be
invited back for more extensive and invasive sampling at all body
sites. All microbial DNA sequence data will be coded and released
into publicly accessible databases. Clinical information that is
collected will be coded and stored in a controlled-access database
so that it can be correlated with analyzed data. Human DNA will
be coded and stored for future analysis. Individual human DNA
data will be released into controlled-access databases; aggregate
data will be released into public databases.

As the first phase of the HMP gets underway, it is important
that the ethical, legal, and social implications of this research are
carefully studied and responsibly managed. It is also essential
that the research itself is conducted according to the highest
ethical standards. Drawing on the significant body of scholarship
that has amassed over the past two decades, and based on the
involvement of two of the authors (A.L.M. and J.V.) with the first
phase of the HMP, we identify five major ethical issues associated
with conducting the HMP. This list is not exhaustive, and many
of these issues are implicated in other areas of genetic research,
but the complexity and exploratory nature of the HMP may, in
some instances, necessitate modified resolutions.

Informed consent and respect for autonomy

Traditional legal and ethical norms for research involving human
subjects require full disclosure of the nature of the research as
well as the potential risks and benefits of participation (Code of
Federal Regulations [CFR] Title 45, section 46 (2005), http://
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www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.htm,;
Caulfield 2007). However, given our limited knowledge about
the human microbiome, it may be challenging to identify and
explain the potential risks and benefits of participating in the
HMP. At first, participants in the HMP may simply be asked to
accept the uncertainty inherent in conducting microbial research
as a condition of participation. As human microbiome research
advances, however, new risks and benefits will be discovered,
necessitating changes to the consent process to protect prospec-
tive participants and development of responsible research policy
to protect previously enrolled participants.

The collection of microbial DNA from multiple body sites,
linked with human DNA from each individual, will also provide
a tremendous resource for future research. However, our inability
to predict what research may be done in the future and the po-
tential risks associated with that research raise the important
question of whether participants should be permitted to give
general consent for unspecified future research and under what
circumstances, if any, re-consent should be required. This issue
has been much debated in other research contexts (e.g., biobank-
ing) (Clayton 200S; Elger and Caplan 2006; Greely 2007). Some
have argued that general consent for unspecified future research
is acceptable as long as participants are well informed of the
uncertain nature and risks of the research and strong governance
structures are in place (Greely 2007; Caulfield et al. 2008).

A centralized governance body should be established for the
HMP to ensure that subjects’ privacy is adequately protected and
that proposals for future research are consistent with the expec-
tations and desires of participants. Membership should be mul-
tidisciplinary and should include physicians with expertise in
different areas, as well as scientists, ethicists, and public repre-
sentatives. This is essential in order to avoid harm, promote pub-
lic trust, and respect and enhance the autonomy of research sub-
jects.

Informing subjects of research-related results

The question of whether and to what extent research participants
ought to be informed about individual research results is cur-
rently controversial (Shalowitz and Miller 2005; Ravitsky and
Wilfond 2006; Renegar et al. 2006). In the context of the HMP,
researchers may, for example, discover that a research participant
has an increased risk of obesity based on recent studies that have
shown a correlation between intestinal microbiota and obesity
(Ley et al. 2005; DiBaise et al. 2008). This particular discovery
may have implications for the subject’s current behavior, and
returning this information to the subject would permit him or
her to alter nutritional, lifestyle, and occupational factors that
might eliminate or reduce the risk of obesity and associated dis-
eases, such as type 2 diabetes. Medical interventions such as an-
tibiotics and chemotherapy may profoundly alter the composi-
tion and spatial topography of the intestinal microbial commu-
nities, ultimately affecting health and disease outcomes with
respect to metabolism and weight gain, predisposition to chronic
inflammation, and lifetime risk of neoplasia at mucosal surfaces.
The current state of knowledge of the human microbiome is too
premature to make any conclusions at this time regarding disease
risk and susceptibility or how the microbiome may be altered to
restore health. As the quality of the information improves with
time and further research, investigators and health-care institu-
tions will need to confront the issue of when (or if) certain data
should be shared with participants or their physicians. Concerns

about the validity of the research findings and the integrity of
data that are analyzed in research laboratories (not CLIA/
[Clinical Laboratory Improvement Amendments] certified)
should provide ample justification for caution until a sufficient
body of knowledge has amassed.

The potential discovery of asymptomatic or subclinical in-
fectious diseases or susceptibilities to them during the course of
the HMP will likely incite further debate about whether research-
ers have an obligation to report such findings to participants,
individuals they may infect, or public health authorities. There is
also the potential that new infectious diseases may be identified
during the course of the HMP (either by the HMP itself or by
ordinary clinical surveillance and research), but their character,
treatment, and prognosis might be poorly understood. It is im-
portant to consider that colonization may be difficult to distin-
guish from infection at mucosal surfaces. Nasopharyngeal colo-
nization by potential pathogens such as Staphylococcus aureus is a
prime example. Colonization may predispose an individual to
local or systemic infections, but that predisposition may depend
on the nature of the microbiome and the individual’s genetic
composition. Fluctuations in microbial populations may predis-
pose to disease, but such patterns of the microbiome are cur-
rently unknown. Research and time will be needed to begin to
unravel the implications of the wealth of data, including data
pertinent to potential pathogens, in the microbiome. HMP re-
searchers should establish a policy, and potential subjects should
be informed of that policy, as to what actions will be taken in
situations where the information about an evolving infectious
disease is incomplete or contradictory.

Current policy leaves it up to the primary investigator and
local institutional review board (IRB) to decide whether or not to
return research results to participants. According to the NIH
Policy for Sharing of Data Obtained in NIH Supported or Con-
ducted Genome-Wide Association Studies (NOT-OD-07-088, No-
vember 16, 2007), downstream users of genomic data are in-
structed to contact the primary investigator with relevant re-
search findings so that the primary investigator can decide
whether and how to communicate that information back to par-
ticipants (http://grants.nih.gov/grants/guide/notice-files/NOT-
OD-08-013.html). When making the decision whether to com-
municate results to participants, investigators should consider
the validity, reliability, and clinical significance of the data. Par-
ticipants should be asked up front if they would like to receive
relevant research results, and all research findings that are going
to be communicated to the participant should be confirmed in
an approved laboratory (National Human Genome Research In-
stitute 2005, “Ensuring the Safety and Effectiveness of New Ge-
netic Tests,” accessibility verified February 4, 2008; http://www.
genome.gov/10002404).

The process of sample collection for the first phase of the
HMP itself poses additional risks that must be carefully explained
in the informed consent process. One of these risks involves the
discovery of clinically relevant information about the research
participant. During screening, potential participants will be
tested for HIV and other sexually transmitted infections. A posi-
tive test result will exclude the individual from participating in
the HMP. Investigators will likely want to inform the potential
participant of the positive test result, but there is a possibility
that the individual may not want to know. In the context of HIV,
if test results are associated with personal identifiers, then federal
policy requires that individuals be informed of their test results
and that pre- and post-test counseling be provided (Department
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of Health and Human Services, Office for Protection from Re-
search Risks [1988], Policy on Informing Those Tested About HIV
Serostatus; http://www.hhs.gov/ohrp/humansubjects/guidance/
hsdc88jun.htm). Although this policy is controversial, the ratio-
nale behind its adoption is that the opportunities for early inter-
vention outweigh the right of subjects not to know their HIV
status (Institutional Review Board Guidebook, Biomedical and
Behavioral Research; http://www.hhs.gov/ohrp/irb/irb_
chapter5.htm#h10). Subjects who strongly oppose this policy
can choose not to participate in the research. Although the PHS
policy only addresses HIV-seropositive status, under the same
reasoning, it should be extended to other treatable infections.
Subjects should be informed early on in the consent process that
testing will occur, that they will be informed of their test results,
and that counseling will be provided.

If the individual is infected with a sexually transmitted in-
fection, investigators will then have to decide whether to inform
at-risk sexual or needle-sharing partners directly or to report the
test results to state health authorities, who may initiate contact
tracing. Some states require partner notification while others for-
bid it. Most states require that positive test results be reported to
state health authorities. In Texas, where half of the subjects for
the first phase of the HMP will be recruited, HIV status and most
other sexually transmitted infections must be reported to the
Texas Department of Health, but only a legal spouse can be told
about a positive test result without explicit consent from the
patient/subject. All other at-risk partners must be informed either
by the infected individual or through the state’s Partner Notifi-
cation Program (Texas Health and Safety Code, sections 81.041,
81.042, and 81.051; http://tlo2.tlc.state.tx.us/statutes/hs.toc.
htm). Similarly, in Missouri, where the remaining subjects will be
recruited, HIV status and most other sexually transmitted infec-
tions must be reported to the Missouri Department of Health and
Senior Services (Mo. Rev. Stat., sections 191.653, 191.671, and
191.686; http://www.dhss.mo.gov/). However, Missouri has not
adopted specific statutes governing disclosure to third parties. It
is important that researchers are familiar with these relevant state
laws and that applicable reporting requirements are discussed
with potential participants during the informed consent process.

Data sharing and protection of privacy

Privacy is a major concern for research participants, particularly
in the area of genetic research. In an effort to maximize the
scientific utility of genomic data and to stimulate international
collaboration, broad data sharing policies were developed during
the early stages of the Human Genome Project (Eisenberg 2000;
Marshall 2001; Wellcome Trust 2003). Privacy was protected by
“de-identifying” genomic data prior to sharing them in publicly
accessible databases. However, as technology has advanced, it
has become possible to uniquely identify individuals solely on
the basis of their genomic information (Lin et al. 2004). This has
raised concerns about individual privacy, stimulated debate (Mc-
Guire and Gibbs 2006; Lowrance and Collins 2007), and ulti-
mately led to a shift in NIH policy and the creation of databases
with restricted access (http://grants.nih.gov/grants/guide/notice-
files/NOT-OD-08-013.html; Davis and Long 2001).

As the HMP is initiated, researchers are once again faced
with the decision of whether to adopt data sharing policies that
allow public access. The current plan is to deposit all human
microbial DNA into publicly accessible databases (Office of Port-

folio Analysis and Strategic Initiatives. NIH Roadmap for Medical
Research: Human Microbiome Project—Overview; http://
nihroadmap.nih.gov/hmp). This maximizes the scientific utility
of the data and limits intellectual property claims on microbial
gene discoveries. It assumes, however, that individuals cannot be
uniquely identified on the basis of their microbial DNA, an as-
sumption that may prove false as we learn more about the nature
and constitution of the human microbiome. The human micro-
biome may also reveal unexpected information beyond indi-
vidual identity. For instance, a United States citizen might be
found to contain microbiota that indicate that he or she had
visited specific countries or geographic regions, thereby becom-
ing a person of interest to the Department of Homeland Security.
This scenario seems unlikely but may be a cause of concern for
participants.

There is also much debate about whether and how to link
microbial DNA sequence data with human DNA and clinical
data. There is obviously a great scientific advantage to linking
microbial DNA with human DNA, but there are risks to making
this information publicly accessible. If access to human data is
restricted as is currently planned, then questions about whether
and how to maintain a link and who should be able to access the
link must be considered. The challenges of answering these ques-
tions stem from our current lack of understanding about the
identifiability of microbial DNA and its potential to reveal infor-
mation that may be used in discriminatory ways or may prove
stigmatizing for individuals and/or groups. It is therefore impor-
tant that scientists are rigorously honest with potential subjects
about the limits to privacy and the uncertain nature of the risks.

Invasiveness of sampling and minimizing risk

In order to approve federally funded research in the United
States, an IRB must ensure that risks to subjects are minimized
and that they are “reasonable in relation to the anticipated ben-
efits, if any, to subjects, and the importance of the knowledge
that may reasonably be expected to result” from the research
(CFR Title 45, section 46 [2005]). One of the major challenges of
designing the HMP has been deciding just how invasive the sam-
pling must be (Grice et al. 2008). On the one hand, investigators
need to ensure that sampling is deep enough to obtain scientifi-
cally useful specimens. However, invasive sampling—by endos-
copy, for example—increases the risk to participants and may
significantly impede enrollment. Initial sampling of participants
for the first phase of the HMP will be minimally invasive and will
include skin brushes/scrapes, oral swabs/saliva collection/oral
brushes, nasal swabs, vaginal swabs/brushes, and fecal self-
collection. After the initial sampling is complete, invasive sam-
pling will be considered (including endoscopy) for a small cohort
of individuals. The precise nature of future body sites to be
sampled by invasive sampling remains to be determined. As we
gain a better understanding of variation in the microbiota that
inhabit different parts of the body and the scientific advantages
of deep versus minimally invasive sampling, sampling tech-
niques and associated risk-benefit assessments may change. Dif-
ferent options include more extensive sampling of mucosal sur-
faces and skin, evaluation of sterile body fluids, and tissue sam-
pling. The concept of “relatively sterile” body fluids and tissues
may need to be altered based on in-depth studies by DNA am-
plification and sequencing and approaches such as laparoscopic
surgery. Mucosal and skin surfaces that are being evaluated in the
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initial phase may be more extensively sampled by special meth-
ods, such as esophagogastroduodenal endoscopy, colonoscopy,
fiber optic sinus evaluation, and skin punch biopsies. Some
evaluations may be part of routine medical exams, such as
screening colonoscopies or oral plaque removal. These options
deserve additional consideration as research on the human mi-
crobiome progresses.

Diversity of subjects and justice

Equitable selection of subjects is required to ensure that both the
risks of research participation as well as the potential benefits are
distributed fairly (CFR Title 45, section 46 [2005]). In assessing
diversity, it is important to consider the purpose of the research
and the setting in which it will be conducted (CFR Title 45, sec-
tion 46 [20035]). The first phase of the HMP is being conducted on
healthy adults between the ages of 18 and 40. Children and older
adults are excluded from this first pilot phase because of scientific
concerns about changes in the microbial environment early and
later in life. This approach will necessarily bias the sample and
will probably result in a non-representative population of par-
ticipants. Efforts should therefore be made to broaden the sample
as soon as it is feasible.

Investigators will seek to maximize the racial and ethnic
diversity of participants. Broad diversity is important to achieve
the goals of the HMP. However, concerns have been raised about
the potential to draw inappropriate conclusions or invalid corre-
lations between variations in the microbiome and race or ethnic-
ity. These concerns are not unique to the HMP, but it is impor-
tant that they are appropriately addressed and responsibly man-
aged by participating researchers (Jorde and Wooding 2004;
Bonham et al. 2005).

Conclusion

The HMP has great potential to increase our understanding of
how health and disease are affected by the complex relationship
between human DNA, the environment, RNA viruses, and the
DNA of the millions of microbes that live in and on our bodies.
As with all innovative research, there are ethical, legal, and social
challenges associated with conducting human microbiome re-
search. The responsible and ethical management of these chal-
lenges is vital to the success of this initiative.
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