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Editorial on the Research Topic

Evolutionary Mechanisms of Infectious Diseases

Infectious diseases have been and continue to be one of the major causes of mortality around the
world, posing significant health, social, and economic burdens. According to the World Health
Organization (WHO), three infectious diseases (lower respiratory infections, diarrheal diseases,
and tuberculosis) are among the top 10 causes of death. Infectious pathogens continue to emerge
and re-emerge, underscoring considerable epidemic challenges to public health (Fauci, 2005;
Watkins, 2018).

Evolution plays an important role in infectious diseases (Antia et al., 2003; Chabas et al., 2018;
Echaubard et al., 2018). Driven by constant arms race between microbial pathogens and their
hosts, pathogens evolve mechanisms to evade host defense (Hilleman, 2004; Van Avondt et al.,
2015; Bernard et al., 2018), develop drug resistance (Nathan and Cars, 2014; Laxminarayan et al.,
2016; Haldar et al., 2018), adapt to host environment (Sperandio, 2018; Beekman and Ene, 2020),
compete with host microbiota (Vonaesch et al., 2018; Tsolis and Baumler, 2020), evolve virulence
(Berngruber et al., 2013; Cressler et al., 2016; Geoghegan and Holmes, 2018), and spread and
transmit to new hosts (McCallum et al., 2001; Antonovics et al., 2017). A better understanding
of the key evolutionary features of infectious diseases such as pathogenicity, infectiousness, and
transmissibility could result in effective prevention and control strategies.

Evolutionary processes of infectious diseases reflect temporal and spatial dynamic
host-pathogen relationships, which may be revealed in genome structures and organization,
population dynamics, and host/vector physiological systems. Recent efforts that bring together
high-throughput omics technologies and big data analytical approaches have contributed to new
insights of these processes (Cowell andWinzeler, 2019; Khan et al., 2019; Ball et al., 2020). The goal
of this Research Topic is to provide a forum for sharing ideas, tools, and results among researchers
from fields of evolutionary biology, infectious diseases, microbiology, genomics, and epidemiology.
The Topic is mainly focused on recent progress in using multidisciplinary approaches to the studies
of the evolutionary mechanisms of pathogenesis, virulence, host immunity, population dynamics,
and epidemiology.

We sincerely thank all researchers who have contributed to our Research Topic. This collection
of 21 articles is divided into four sections. The first section includes six articles focusing on
Coronavirus disease 2019 (COVID-19) and its causative agent severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). As of February 2021, over 104 million COVID-19 cases have
been confirmed worldwide, including over 2.2 million deaths (https://covid19.who.int/) since
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the emergence of the pandemic in December 2019 (Sohrabi
et al., 2020; Yang et al., 2020). The six articles in this section
offer new insight into the evolutionary and structural features of
SARS-CoV-2: (1) Xing et al. develop a freely available program,
MicroGMT, to identify and characterize mutations in microbial
genomes, with the default setting optimized for SARS-CoV2. (2)
Shen et al. present a comprehensive genomic epidemiology study
that reveals a haplotype pattern of geographical specificity at the
city-, state-, and country-levels, supporting the effectiveness of
travel restriction in preventing widespread transmission. (3) Lv
et al. describe a comparative genomic analysis between human
SARS-CoV-2 and its close relative Bat-CoV RaTG13, and identify
mutation patterns indicative of stronger purifying selection
occurred in SARS-CoV-2. (4) The article by Liu S. et al. extends
this topic. Distinct genomic single nucleotide variation signatures
are identified in more than 30,000 SARS-CoV-2 genomes, which
may have functional consequences due to the viral genetic
instability (Liu S. et al.). (5) Readers interested in SARS-CoV-2
pathogenesis will appreciate a timely report by Liu T. et al. on
the features and evolutionary difference of viral gene expression
and fusion events in the SARS-CoV-2 infected cells from the
patients withmoderate and severe COVID-19. (6) Cui and Zhang
report the presence of G-Quadruplexes in human coronaviruses
including SARS-CoV-2, suggesting targeting G-Quadruplexes as
a potential avenue to COVID-19 therapeutics.

The second section is devoted to the evolutionarymechanisms
of bacteria. We are glad to present three review articles:
Tuberculosis, one of the oldest known human infectious
diseases, remains one of the major causes of mortality globally.
Allué-Guardia et al. present a timely review to address
the interactions of Mycobacterium tuberculosis with the lung
environment and how these interactions may drive phenotypes
of M. tuberculosis with a particular emphasis on drug resistant
M. tuberculosis. Chomkatekaew et al. present the evidences
and their perspective on the genetic and genomic diversity
of Burkholderia pseudomallei, the cause of a lethal tropical
disease melioidosis, and shed light on the evolutionary arms
race between the bacterial pathogen and the host. The article by
Tang et al. provides a succinct review regarding the pathogenesis
and epidemiology of Klebsiella pneumoniae, the causative agent
of a range of respiratory tract, urinary tract, and bloodstream
infections. Two of the four original research articles are focused
on evolutionary mechanisms of antibiotic resistance. The article
by Black et al. highlights the increasing of non-carbapenemase
producing Enterobacterales (NCPE) in south Texas. Their
findings may have a direct impact on treatment regimens for
patients. Javed et al. report a nice experimental evolution study
of an extensively drug resistant (XDR) strain of Pseudomonas
aeruginosa, an opportunistic pathogen leading to widespread
infection and outbreak in hospitals. Their study demonstrates
that the acquisition of antibiotic (colistin) resistance can affect the
level of virulence (Javed et al.). Using a molecular evolutionary
analysis approach, Yamaguchi et al. report the role of BgaA as
a pneumococcal virulence factor in Streptococcus pneumoniae, a
common cause of community-acquired pneumonia. Hassan et al.
study and compare the genetic changes and adaptation that occur

to two different Burkholderia species during co-infection of a
cystic fibrosis patient’s lungs over 4.4 years.

The third section is composed by seven articles on eukaryotic
pathogens. Four articles are focused onmalaria, a life-threatening
mosquito-borne infectious disease. We highly recommend
an excellent review article by Su et al. which addresses
how the malaria parasites and their hosts interact, with a
particular emphasis on the evolutionary impacts of recent
human interventions such as drug and vaccine development.
Three of the original articles address different important issues
in malaria research: Brashear et al. present the draft of de
novo genome assembly of four new Plasmodium vivax clinical
samples collected in the China-Myanmar border area. The study
provides new insight into genetic diversity and copy number
variations of P. vivax multigene families (Brashear et al.).
Huang et al. genotype the parasites from Southern China and
present evidence for a genomic population with drug resistance.
The study also demonstrates the utility of SNP microarrays
for large-scale parasite molecular epidemiology (Huang et al.).
Further on the application side, Mu et al. develop a novel,
highly sensitive and accurate detection method for malaria
parasite infection via integration of inductively coupled plasma
mass spectrometry (ICP-MS) and Gold nanoparticles (AuNPs).
Three articles in this section study evolutionary mechanisms of
other eukaryotic pathogens. Cryptosporidium and Giardia cause
intestinal illnesses in humans and animals. Wu et al. describe the
first molecular epidemiological investigation of Cryptosporidium
spp. and G. duodenalis, in humans in Myanmar, indicating
the large potential of zoonotic transmission. The article by
Palevich et al. describes a comprehensive analysis of the complete
mitochondrial genomes of the New Zealand field strains
of Haemonchus contortus and Teladorsagia circumcincta, two
gastrointestinal nematodes. Using multilocus sequence typing,
Liu X. et al. identify genetic diversity and clonal population
structure in isolates of Enterocytozoon bieneusi, a unicellular
microsporidian parasite closely related to fungi.

The last section of the collection includes an interesting
piece of work by Shen-Gunther et al. on host-pathogen
interactions. The article reports a large-scale validation study
for the development of a panel of markers for the prediction
of severity of cervical cancer (Shen-Gunther et al.). This panel,
namely molecular pap smear, may have clinical applications
since it captures pathogen and host specific signature related to
pathogenicity and host susceptibility.

In summary, this collection of 21 articles covers a
variety of topics in evolutionary mechanisms of infectious
diseases, including the role of factors that influence pathogen
virulence and host susceptibility, the role of genetic variation
and population dynamics on pathogenesis, the role of
medical interventions on drug resistance, and the role
of disease control interventions on pathogen emergence
and transmission. We hope that the Research Topic will
be useful for a wide audience, particularly evolutionary
biologists, microbiologists, infectious disease researchers and
clinicians, genome scientists, systems biologists, graduate, and
undergraduate students.
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