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Mechanistic understanding of the
impact of coinfections is a critical
knowledge gap. A workshop on
coinfections highlighted key aspects
required to advance this field, includ-
ing identifying the coinfection priori-
ties, creating research platforms for
this type of research, promoting
cross-expertise collaborations, and
securing funding to support cross-
kingdom pathogen research.

A route to understanding the
pathophysiological impact of
coinfections

Humans are continually exposed to bacte-
rial, viral, fungal, and parasitic pathogens,
and yet, with the exception of a few well-
defined coinfection scenarios (e.g., HIV
and tuberculosis [1]), relatively little is
known about the impact of coinfections
on morbidity and mortality [2,3]. There is
growing evidence that coinfections be-
tween multiple types of pathogen are
common, exacerbate disease severity,
and can considerably worsen outcome.
For example, respiratory viral diseases, in-
cluding influenza or COVID-19, are now
recognized risk factors for pulmonary
Aspergillus infections, with such coinfections
leading to significantly increased rates of
mortality [4,5]. Coinfections with drug-
resistant pathogens add another layer of
complexity and have high case-fatality rates
[2,3].

To address the critical need for more re-
searchin this area, four UK Centres covering

the major pathogen groups (viruses, bacte-
ria, fungi, and parasites) joined forces to pro-
mote the creation of a network that would
facilitate novel research collaborations
focussing on gaining a better mechanistic
understanding of the pathophysiological im-
pact of coinfections. With an award from the
Medical Research Council (MRC), this group
hosted an online workshop on human
coinfections (involving any pathogen group)
that aimed to (i) establish a network for this
research area; (i) identify research opportu-
nities; and (i) consider the scientific priorities
going forward. The online workshop was
followed by a national call for projects to pro-
vide seed-corn funding to help establish
new, cross-disciplinary research collabora-
tions in coinfections that will have scientific
and translational impact and promote a cul-
ture of collaboration and resource-sharing
between Centres and other UK-based
groups specialised in studying different
pathogen groups. Indeed, an aim of this
seed-corn funding was to provide a re-
source that would lay a foundation for
long-term research interactions, and that
would extend beyond the lifetime of the
award. This investment funded four coinfec-
tion projects led by 17 investigators from six
institutions, all of which are still ongoing.

Priorities for the future

At the end of the award-funding period,
we held a hybrid workshop in Glasgow
which was attended by 110 people from
all over the world. In addition to talks
from invited speakers and the seed-corn
project awardees, we held an open dis-
cussion forum in which all participants
could share and learn from, as well as define
the challenges, opportunities and research
priorities for the field going forwards. These
included:

(i) Recognition, visibility, and reinforce-
ment. Devising methods to recognise
the importance — as well as to promote
cross-pathogen collaboration between
researchers with expertise in different
pathogens and access to varied
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technologies and facilities — is now a pri-
ority in this field. The seed-corn project
funding was felt to be essential to help
drive such new interactions (see point
iv below), and the iterative conversa-
tions that were needed to help develop
and refine coinfection models and sci-
entific approaches. The importance of
getting researchers working with differ-
ent pathogens to ‘speak the same lan-
guage’ (not all Candida is the same, for
example) was highlighted. Future net-
working opportunities in this area could
be facilitated through relevant national so-
cieties, such as the microbiology, parasi-
tology, and immunology societies that
share common interests in coinfections.
Moreover, another way to maintain this
initiative will be the possibility of having
training programmes (at master and
pre-doctoral levels) designed to specifi-
cally address questions and undertake
research on coinfections, which could
lead to increased research, collabora-
tions, and publications on this topic.

|dentifying the key coinfection priorities.
Given the lack of knowledge and the
huge diversity and pathobiological com-
plexity of coinfections, there was no
clear consensus on the key coinfections
to prioritise. One rationale was to focus
on coinfections that involved pathogens
which affect most people (e.g., tubercu-
losis, TB). As mentioned in the preceding
text, infections linked to respiratory vi-
ruses (e.g., influenza virus, SARS-CoV-
2) — as well as to bacteria (Staphylococ-
cus aureus and Streptococcus spp.)
and fungi (Aspergillus spp., Candida
spp., Mucorales, Histoplasma spp.,
Cryptococcus spp., and Pneumocystis
jiroveci) — are widespread and often
have a significant impact on health
systems worldwide. Bacteria—fungal in-
teractions such as TB-Aspergillus and
NTB (nontuberculous) mycobacteria—
Aspergillus, and antimicrobial resistant
Klebsiella-driven coinfections are also in-
creasingly lethal. Coinfections involving
parasites are much less appreciated,
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despite having a considerable global im-
pact on health [6]. While there are very
few data on interactions and coinfections
with parasites, it is known that long-term
infections caused by parasites, such as
Leishmania or Toxoplasma, impact im-
munomodulatory aspects that are likely
to affect responses to other pathogens.
Helminths, in particular, can actively pro-
duce products that directly modulate im-
mune function [7].

We also need to consider the impact
of coinfections that are asynchronous
(i.e., does a previous infection affect fu-
ture responses?) as well as the impact
of coinfections on vaccine efficacy, pan-
demic preparedness, an ageing popula-
tion, and cross-pathogen antimicrobial
resistance. Ecological and socioeco-
nomic factors should also be considered
as the impact of coinfections is likely to
differ between rich and low-income
countries, or between tropical and tem-
perate regions. The role of climate
change on pathogen diversity and abun-
dance should also be investigated, as
this is likely to influence coinfections, in-
cluding zoonatic infections.

(i) The creation of platforms/facilities that

are needed for this type of research.
The study of coinfections requires shar-
ing of knowledge and transfer of exper-
tise, although most studies are not
portable. Indeed, research progress
could be accelerated if regulatory
frameworks or protocols agreed for a
coinfection study in one institution
were easily transferable to other collab-
orating institutions. While new technolo-
gies, such as in vitro organoid cultures,
can provide opportunities to develop
experimental platforms, there are con-
siderable infrastructure and logistical
challenges in handing these types
of experiment. For example, there
is often significant institutional resis-
tance to performing research with dif-
ferent pathogens, including in vivo

experiments, or the use of high-
containment facilities. While clinical
studies can offer one route to gaining
new insights, they do not usually facili-
tate opportunities to explore underlying
pathophysiological mechanisms. Clini-
cal studies will benefit by incorporating
approaches commonly used in disease
ecology, where there is vast expertise in
dealing with complex multipathogen
systems.

(iv) A funding framework to study co-
infections. Getting longer-term funding
for coinfection research is a challenge,
given the difficulty of getting diverse
research groups together to generate
the pilot data that would be needed
without underpinning resources.
Coinfections are not a specific focus
for UK funding agencies, including the
MRC or Wellcome Trust, and projects
need to compete within their open-
response mode funding schemes.
An example is the cross-UK Re-
search and Innovation (UKRI) ‘tack-
ling infection’ strategic theme that
currently focuses on two distinct
broader topics: epidemic prepared-
ness and antimicrobial resistance.
Wellcome’s Discovery grants are an
option for cross-pathogen, cross-
institution funding for coinfections
research as they fund teams of up
to eight different coinvestigators for
up to 8 years.

Concluding remarks

The creation of a UK network on coinfections
has brought seed-corn funding for the devel-
opment of new collaborations and joint pro-
jects, as well as novel experimental models,
and this has delivered many positives to pro-
ject leads and to the coinfection community.
Yet there is still little focus on coinfections,
and the influence of co- or poly-morbidities,
despite their impact on human morbidity
and mortality. Many barriers still remain,
and it is imperative that future activities
focus not only on facilitating the formation
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and support of networks that aim to pro-
mote coinfection research, but also, critically,
on raising the visibility of this field so as to
stimulate interest and new ideas, help pro-
mote key collaborations, and attract more
funding to this area.
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