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Abstract
In their paper “How Causal are Microbiomes? A Comparison with the Helicobac-
ter pylori Explanation of Ulcers,” Lynch, Parke, and O’Malley successfully argue 
that certain causal attributions made to the microbiome have not satisfied Koch’s 
postulates nor the interventionist framework. However, their argument involves an 
implicit assumption that cases such as H. pylori are sufficiently similar to cases 
involving the microbiome, such that causal attributions to both should be evaluated 
according to the same causal framework. Our commentary targets this assumption. 
First, we introduce the historical circumstances that led to the formulation of Koch’s 
postulates in order to differentiate the case of the microbiome from that of infec-
tious bacteria. Then, we introduce the concept of the holobiont, the idea that hosts 
and their symbionts should be conceptualized as a metaphysical and biological unit. 
Finally, using the holobiont concept, we argue that Koch’s postulates and the inter-
ventionist framework are ill-equipped to handle the microbiome. We conclude by 
suggesting that a revision of what counts as microbiological causality within the 
holobiont is justified.
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Introduction

Lynch et al. (2019) successfully argue that certain causal attributions made to the 
microbiome have not satisfied Koch’s postulates nor the interventionist framework. 
However, their argument involves an implicit assumption that cases such as H. pylori 
are sufficiently similar to cases involving the microbiome, such that causal attribu-
tions to both should be evaluated according to the same causal framework.

This comment refers to the article available at https ://doi.org/10.1007/s1053 9-019-9702-2.
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Our commentary targets this assumption. First (Sect.  2), we introduce the his-
torical circumstances that led to the formulation of Koch’s postulates in order to 
differentiate the case of the microbiome from that of infectious bacteria. In Sect. 3, 
we introduce the concept of the holobiont, the idea that hosts and their symbionts 
should be conceptualized as a metaphysical and biological unit. Finally (Sect.  4), 
using the holobiont concept, we argue that Koch’s postulates and the interventionist 
framework are ill-equipped to handle the microbiome.

History of causal attribution in microbiology

The postulates for attributing the cause of a disease to microbes, formulated by Ger-
man physician Robert Koch around 1875, include an epistemic requirement (pos-
tulates 1 and 2) and an experimental praxis (postulate 3). The latter established the 
method of isolation, cultivation, and inoculation (Black 2008). This method relies on 
the so called one-microbe-one-disease principle, the idea that one type of microor-
ganism is causally related to exactly one illness. This principle successfully applies 
in cases where the microbe is a pathogen causing an infection. Indeed, Koch was 
able to find out that certain bacteria (including Bacillus anthracis, Mycobacterium 
tuberculosis, and Vibrio cholerae) are responsible for once-widespread diseases.

Due to his success, Koch’s postulates gathered momentum in assessing causality 
within epidemiology and they still constitute the standard for determining causation 
within microbiology.1 Later adjustments to the postulates are easily explained. The 
case of H. Pylori revealed a weakness with Koch’s postulates: the one-microbe-one-
disease relation does not always hold (Lynch et al. 2019, p. 6). This inspired a more 
practical way of assessing causality: the successful elimination of ulcers by antibiot-
ics is considered sufficient evidence that H. Pylori is responsible for the disease.

Current studies on the microbiome, although not explicitly focused on one taxon 
of bacteria, rely on the same causal frameworks to establish a correspondence 
between the microbiome itself and a condition of the host, as Lynch et  al. make 
clear. However, it is difficult to apply a framework developed to handle pathogens 
to cases of symbionts. Unlike pathogens, the human microbiome always inhabits 
its host. Furthermore, dysbiosis, which occurs when the normal composition of the 
microbiome undergoes a significant modification, is unlike an infection because the 
cure is to “rebalance” the microbiome (Gagliardi et  al. 2018), rather than remove 
it. Additionally, any causal chain between the microbiome and a disease is hardly 
demonstrable, because dysbiosis and disease can have a common cause. This makes 
it difficult to establish a one-to-one relation between microbiome state and disease.

Thus, in light of these considerations, the one-bacterium-one-disease framework 
is ill-equipped to handle the microbiome. In the following section, we will show that 
the microbiome’s ontological and biological dependence on the individual, under-
stood as a holobiont, makes it hard to conceive of the former as a good candidate 

1 For example, they are applied today in cases such as dengue fever, influenza, SARS, and West Nile 
fever (Talaro and Chess 2018, p. 18, 430).
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for the cause of a disease in the same fashion as a pathogen can be the cause of an 
illness.

The microbiome as part of the holobiont

Intuitively, individual organisms are the best units for biological analysis. What an 
individual is, metaphysically speaking, is a matter of debate. Sometimes “organism” 
and “individual” are considered synonymous, and sometimes “individual” is consid-
ered to be a heterogeneous community of independent organisms working jointly to 
perform a common function.

The concept of the holobiont broadens the individual to include the host—a sin-
gle organism—plus all of  its symbionts (Rohwer et al. 2002), which function as a 
collective whole (Gilbert et al. 2012; O’Malley 2014, p. 156). There are several can-
didate holobionts, many involving microbes and a host. All legume plants depend on 
nitrogen-fixing microorganisms called rhizobia (e.g., Dixon and Wheeler 1986). The 
microorganism Wolbachia exists in co-dependent relationships with several insect 
species (e.g., Bordenstein et al. 2009). A human host and its microbiome may be an 
example of a holobiont: we are “tightly knit communities that became individuals 
by merger” (Margulis and Sagan 2002, p. 56). Proponents of the holobiont concept 
think of host organisms as not quantitatively distinct from the microbial symbionts 
with which their lives are entangled. A holobiont is thus an individual whose com-
ponents, which are different organisms, depend on one another for their existence.

In the case of the human microbiome, considerations that favor using a holobi-
ont instead of organism concept of the individual are based on our mutualism and 
evolutionary history. Unlike the infectious microbes whose study led to the formula-
tion of Koch’s postulates, the human microbiome exists in a necessarily mutualistic 
relationship with the human host (Talaro and Chess 2018). The normal functions of 
the host are made possible via interaction with the symbiont (Ley et al. 2008; Lee 
and Mazmanian 2010). Gut bacteria co-evolved with their host (Roughgarden et al. 
2018), we vertically inherit the composition of our microbiomes from our mothers 
during birth (Gilbert 2014), and the microbiome can prevent colonization by other 
organisms (Vonaesch et al. 2018). The microbiome plays an essential, even if poorly 
understood, functional role throughout an individual’s existence. This developmen-
tal inseparability lends itself to the suggestion that, metaphysically and biologically, 
we are not single organisms, but holobionts.

Given the holobiont concept, a distinction emerges between the microbiome and 
infectious bacteria. Infectious bacteria are better conceptualized as parasitic: meta-
physically independent organisms benefiting at the expense of their host. If we apply 
the holobiont concept to the case of humans, the microbiome, despite not containing 
the same genetic material as the human host, is best conceived of as part of the indi-
vidual, not something acting upon it. The microbiome is more similar to an organ, 
like the heart or brain, than a parasitic, infectious taxon of bacteria or other external 
influence. As such, any case of dysbiosis cannot be conceived of as a proper instance 
of a cause according to Koch’s framework, just like a heart is not the proper cause of 
a stroke. We anticipate that Lynch et al. would agree that conditions such as obesity 



 A. Watkins, F. Bocchi 

1 3

7 Page 4 of 6

and mental health are emergent properties of the holobiont. Consequently, it will not 
be the case that one part of the holobiont could be the proper cause of these states, 
unlike if those states were caused by a parasitic microorganism.

Despite microbiomes and infectious bacteria both being studied by microbiolo-
gists, they relate in different ways to the human body, and so should be analyzed 
differently, as will become clear in the fourth section.

Causal attribution in the holobiont

The traditional framework does not capture the relationship between the microbiome 
and a disease. In this section, we show how Koch’s postulates and the intervention-
ist framework become nonsensical when the human microbiome is considered to be 
part of the holobiont.

If we replace “the microorganism” with “the microbiome” in Lynch et al.’s ver-
sion of Koch’s postulates (p. 4),2 we get:

1. The microbiome is detected in all disease cases;
2. The microbiome does not occur in other diseases or non-pathogenically;
3. After being fully isolated and repeatedly grown in pure culture, the microbiome 

can induce the disease by being introduced into a healthy animal host.

After this replacement, Koch’s first postulate will turn out to be trivially true: the 
microbiome, in the case of humans, will be detected in all disease cases because it 
will be detected in all cases, period. Koch’s second postulate will be trivially false 
for the same reason: the microbiome never does not occur.

Koch’s third postulate, which posits that the allegedly causal microorganism can 
be “fully isolated” (i.e., ontologically separated) from the host, will be impractica-
ble in the case of the microbiome (Arnold et  al. 2016). The microbiome as such, 
namely as an ontologically-dependent group of organisms, cannot be isolated from 
its host; even if particular taxa or functional groups of microbes can be cultured in 
isolation from the host, these resulting collections of microbes cease to be a micro-
biome once they are isolated. Say taxa X, Y, and Z constitute the microbiome of A. 
Even if X, Y, and Z could be cultured separately from A, they would not thereby be 
a microbiome of A. The microbes’ ontological status as a microbiome is dependent 
on their symbiosis with A.

Koch’s postulates turn out to be weak in light of more recent developments in 
microbiology which provide a different conceptualization of what an individual is. 
In addition to Koch’s postulates, Lynch et al. analyze causal claims according to the 
interventionist framework (e.g., Woodward 2010). In the interventionist framework, 
the purported relationship between a microbe and a disease state must be specific, 
stable, and proportionate.

2 Koch’s postulates have been formulated other ways (e.g., Black 2008, p. 13; Talaro and Chess 2018, p. 
430).
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Claims of specificity either involve showing that the relationship between the 
purported cause and effect is fine-grained or that it is one-to-one. Attributing either 
a fine-grained or one-to-one causal relation relies on one’s ability to match a varia-
tion in the cause with a corresponding variation in the effect (Lynch et al. 2019, p. 
6). Here, the problem is that the microbiome—the purported cause—is extremely 
variable, but does not always produce variable effects. Attributing specific causation 
to the microbiome would involve defining a “typical” microbiome against which one 
could assess variation; this, though, is impossible, given that the microbiome is con-
stantly changing in constitution, even if not in function (Odamaki et al. 2016).

Stability of a causal relationship, which involves maintenance over a range of 
background conditions (Lynch et  al. 2019, p. 6), assumes that these background 
conditions don’t necessarily have an effect. However, the gut microbiome and the 
various conditions associated with it are extremely sensitive to age (Odamaki et al. 
2016), diet (Hildebrandt et al. 2009), and geography (Hooi et al. 2017), and causal 
claims are seldom stable across populations or species (Lynch et  al., p. 8, 12). A 
disease state can be associated with constitutively different microbiomes in different 
individuals. Given the inherent instability of the microbiome itself, it is unlikely to 
be implicated in a stable causal relationship.

Proportionality involves selecting appropriate causes and effects, including ones 
that are neither too broad nor too narrow (Lynch et al. 2019, p. 6). In what sense 
would the whole microbiome not be too broad? If the microbiome and the various 
taxa within it are involved in numerous symbiotic relationships, including with the 
host, then it will be arbitrary to select which part of the causal chain relates to a 
particular effect. Causation with respect to the microbiome more closely resembles a 
net rather than a unidirectional chain.

Lynch et  al. agree that the interventionist framework is not equipped to handle 
whole-microbiome causal claims:

The multi-causal nature of these traits makes it likely that there are many inter-
actions between numerous components of the microbiome, the host, and their 
environments. It is for this reason that one-to-one specificity is not possible for 
whole microbiome explanations, and it also suggests that the causal influence 
of the microbiome as a whole would be extremely unstable, and difficult to 
isolate experimentally (p. 20).

Lynch et al. suggest that we should instead “focus causal explanations on specific 
microbiome components” (p. 20). We argue, however, that such specific components 
are not, metaphysically, the microbiome. The bacteria that constitute the microbi-
ome may independently cause a condition in the host, but the microbiome itself, as a 
part of the human holobiont, cannot.

Conclusion

Lynch et al. acknowledge (p. 2) that a “microbiome revolution” is revising what we 
know about humans and the biological world (e.g., Blaser 2014). Applying the holo-
biont concept to the case of human hosts, we have argued that causal claims about 
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the human microbiome are significantly dissimilar to causal claims about infectious 
microorganisms. A framework developed in the context of parasitism is not likely to 
apply seamlessly in the context of mutualism, especially not when that mutualism 
occurs within the holobiont. Therefore, we suggest that Koch’s postulates should be 
replaced with ones also applicable to holobionts.
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