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Human pathogenic micro-organisms can contaminate plants. Plants whose products
can be consumed freshly or after minimal processing are of specific concern. It is under
debate whether contaminations only occur at harvest or the after harvest processing of
crops, or if they can already occur at the primary plant production stages.

Plants may be considered as secondary habitats for human pathogens [1], and, al-
though they do not possess the full capacity to invade and colonize internal tissues of
plants, like plant pathogens and endophytes do [2], they are still capable of maintaining
themselves in the neighborhood of, and even inside, plants [3], and to proliferate in these
ecosystems. Human pathogens can respond to chemical signals from plants [4] and, from
that perspective, human pathogens may share properties with other micro-organisms com-
monly present in plant microbiomes. From an evolutionary perspective, it make sense that
particular groups of zoonotic species are able to use plants as secondary habitats. These
microbes can be transferred via feces among different flocks that graze on the same land [5].
Longer persistence on grazed plants may contribute to a wider distribution over different
flocks. It is an important message for plant production that microbial interconnectivity will
exist between ecosystems and that human pathogens can circulate between animals and
plants when animal manure is applied to soil for fertilization [6]. Water used for irrigation
is another human pathogen source in agricultural production systems, especially when
derived from surface water bodies [7]. Human pathogens can contaminate surface water
via drainage from arable fields recently fertilized with animal manure [8], but also from
sewage overflow after severe precipitation [9] and wildlife [10].

The contamination of plant-derived products with human pathogens thus does not
only result from harvest and post-harvest handlings, but can also occur at the primary
production stage. The network activities of the EU COST Action on the control of human
pathogens in plant production systems (HUPLANTcontrol) comprehended important
aspects that were intended to gain a better understanding on the role of human pathogens
in plant microbiomes in relation to ecology, taxonomical identity, and presumed virulence
to humans. This information was relevant for the formulation of recommendations and
guidelines to growers, but also to provide public information on the consequences of
the presence of human pathogens in plant production systems. This Special Issue was
dedicated to the main objectives of our network activities and resulted in seven manuscripts
that are related to the topic of human pathogens in their relationship with plants.

It was shown that Escherichia coli, introduced via manure and seeds in production
systems, had a higher preference for the root zone (roots and rhizosphere soil) than for
the above-soil compartments [11,12]. Although different E. coli strains were incidentally
found in stem parts shortly after their introduction, their abundance rapidly declined to
levels below detection, whereas near, on, and inside roots, the introduced strains remained
present up to plant senescence. As both experiments were performed under field-realistic
circumstances, the key message derived from both manuscripts is critical for practice,
because it would imply that plant roots are potential carriers of human pathogens once they
are disseminated into production systems via external sources. The ability for microbial
species to jump over from plant to animal kingdoms was indicated for two taxonomically
distinct micro-organisms, Fusarium musae [13] and Bacillus cereus [14]. Namely, F. musae
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strains with the same genetic profile could infect both humans and plants (banana fruit),
whereas B. cereus strains derived from 17 different agricultural soils sampled across Europe
possessed genes that are potentially involved in human pathogenicity. Both studies made
clear that human pathogens in plant production systems do not necessarily originate from
external sources, but can be intrinsic members of soil and plant ecosystems. Soil treatment
with composted sewage sludge resulted in a shift in the soil microbiome composition [15].
Salmonella enterica survived longer when simultaneously applied with composted sewage
sludge to soil than when applied separately via irrigation. Changes in microbiomes as a
result of soil amendments may thus influence the persistence of human pathogens in food
production soils, and this information is relevant for understanding the mechanisms behind
the soil persistence of human pathogens. Finally, it revealed that plants themselves can
influence the behavior of human pathogens. Upon plant inoculation, flagellin expression
was down-regulated in a vast majority of S. enterica cells, whereas high expression was
found in a subfraction of the introduced population [16]. Heterogenous flagellin expression
is an adaptational strategy of S. enterica inside plants. Plants defend themselves upon colo-
nization by human pathogens via activating defensive networks [17]. Bioactive compounds
produced by plants antagonize human pathogens in plants, offering new opportunities for
the control of human pathogens in plant production systems.

The seven manuscripts in this Special Issue provide new and important information
on the ecological behavior of human pathogens in the plant–soil environment and the roles
that microbiomes play. They also demonstrated that plant microbiomes themselves harbor
species that can potentially cross plant–animal frontiers and that the plant environment
is a specific ecosystem where human pathogens are able to adapt to local prevailing
circumstances. Valuable information was provided for further translation into practical
recommendations, which is needed for the control of human pathogens in, or nearby,
growing plants. Finally, the information provided is relevant for the transition towards
extensive and circular agricultural production systems. The use of animal manure and
other organic waste streams and reclaimed water as alternatives for fertilizers and irrigation
water will become more opportune in this transition, affecting the introduction of human
pathogens into plant production systems.

Acknowledgments: I would like to thank all authors for their contribution to the special issue.
Further, I would like to thank all members of the EU COST Action 16110 network HUPLANTcontrol
for sharing their ideas, discussions and participation in the network. This special issue was supported
by EU COST (CA16110).

Conflicts of Interest: The author declares no conflict of interest.

References
1. Petersen, F.; Hubbart, J.A. Physical Factors Impacting the Survival and Occurrence of Escherichia coli in Secondary Habitats. Water

2020, 12, 1796. [CrossRef]
2. Hardoim, P.R.; van Overbeek, L.S.; Berg, G.; Pirttilä, A.M.; Compant, S.; Campisano, A.; Döring, M.; Sessitsch, A. The Hidden

World within Plants: Ecological and Evolutionary Considerations for Defining Functioning of Microbial Endophytes. Microbiol.
Mol. Biol. Rev. 2015, 79, 293. [CrossRef] [PubMed]

3. Tyler, H.L.; Triplett, E.W. Plants as a Habitat for Beneficial and/or Human Pathogenic Bacteria. Annu. Rev. Phytopathol. 2008, 46, 53.
[CrossRef]

4. Schikora, A.; Schenk, S.T.; Hartmann, A. Beneficial effects of bacteria-plant communication based on quorum sensing molecules
of the N-acyl homoserine lactone group. Plant Mol. Biol. 2016, 90, 605. [CrossRef]

5. Van Overbeek, L.S.; Wichers, J.H.; van Amerongen, A.; van Roermund, H.J.W.; van der Zouwen, P.; Willemsen, P.T.J. Circulation
of Shiga Toxin-Producing Escherichia coli Phylogenetic Group B1 Strains Between Calve Stable Manure and Pasture Land With
Grazing Heifers. Front. Microbiol. 2020, 11, 1355. [CrossRef] [PubMed]

6. Van Bruggen, A.H.C.; Goss, E.M.; Havelaar, A.; Van Diepeningen, A.D.; Finckh, M.R.; Morris, J.G. One Health—Cycling of
diverse microbial communities as a connecting force for soil, plant, animal, human and ecosystem health. Sci. Total Environ. 2019,
664, 927. [CrossRef] [PubMed]

7. Decol, L.T.; Casarin, L.S.; Hessel, C.T.; Fösch Batista, A.C.; Allende, A.; Tondo, E.C. Microbial Quality of Irrigation Water Used in
Leafy Green Production in Southern Brazil and its Relationship with Produce Safety. Food Microbiol. 2017, 65, 105. [CrossRef]
[PubMed]

http://doi.org/10.3390/w12061796
http://doi.org/10.1128/MMBR.00050-14
http://www.ncbi.nlm.nih.gov/pubmed/26136581
http://doi.org/10.1146/annurev.phyto.011708.103102
http://doi.org/10.1007/s11103-016-0457-8
http://doi.org/10.3389/fmicb.2020.01355
http://www.ncbi.nlm.nih.gov/pubmed/32714297
http://doi.org/10.1016/j.scitotenv.2019.02.091
http://www.ncbi.nlm.nih.gov/pubmed/30769316
http://doi.org/10.1016/j.fm.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28399992


Microorganisms 2023, 11, 750 3 of 3

8. Sterk, A.; Schijven, J.; de Roda Husman, A.M.; de Nijs, T. Effect of climate change on runoff of Campylobacter and Cryptosporidium
from land to surface water. Water Res. 2016, 95, 90. [CrossRef] [PubMed]

9. Beard, J.E.; Bierkens, M.F.P.; Bartholomeus, R.P. Following the Water: Characterising de facto Wastewater Reuse in Agriculture in
the Netherlands. Sustainability 2019, 11, 5936. [CrossRef]

10. Mulder, A.C.; Eelco, F.; de Rijk, S.; Versluis, M.A.J.; Coipan, C.; Buij, R.; Müskens, G.; Koene, M.; Pijnacker, R.; Duim, B.; et al.
Tracing the animal sources of surface water contamination with Campylobacter jejuni and Campylobacter coli. Water Res. 2020,
187, 116421. [CrossRef] [PubMed]

11. Van Overbeek, L.S.; Lombaers-van der Plas, C.; van der Zouwen, P. The Role of Pea (Pisum sativum) Seeds in Transmission of
Entero-Aggregative Escherichia coli to Growing Plants. Microorganisms 2020, 8, 1271. [CrossRef] [PubMed]

12. Van Overbeek, L.; Duhamel, M.; Aanstoot, S.; van der Plas, C.L.; Nijhuis, E.; Poleij, L.; Russ, L.; van der Zouwen, P.; Andreo-
Jimenez, B. Transmission of Escherichia coli from Manure to Root Zones of Field-Grown Lettuce and Leek Plants. Microorganisms
2021, 9, 2289. [CrossRef] [PubMed]

13. Degradi, L.; Tava, V.; Prigitano, A.; Esposto, M.C.; Tortorano, A.M.; Saracchi, M.; Kunova, A.; Cortesi, P.; Pasquali, M. Exploring
Mitogenomes Diversity of Fusarium musae from Banana Fruits and Human Patients. Microorganisms 2022, 10, 1115. [CrossRef]
[PubMed]

14. Zervas, A.; Aggerbeck, M.R.; Allaga, H.; Güzel, M.; Hendriks, M.; Jonuškienė, I.; Kedves, O.; Kupeli, A.; Lamovšek, J.; Mülner,
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