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ABSTRACT

Co-infections, defined as the simultaneous presence of multiple pathogenic organisms within a host,
present complex challenges for diagnosis, treatment, and patient management. As the prevalence and
detection of co-infections increase, particularly in both human and veterinary medicine, there is a growing
need for therapeutic strategies capable of addressing multifactorial infections. Herbal remedies, especially
those rooted in traditional systems like Traditional Chinese Medicine (TCM), offer promising multi-
targeted treatment alternatives due to their diverse bioactive compounds and lower toxicity profiles. This
paper investigates the synergistic effects of herbal combinations against co-infections, focusing on the
interactions among herbal components, their mechanisms of action, and their clinical applications.
Methodologies include in vitro and in vivo testing of herbal formulas against Mycoplasma gallisepticum and
Escherichia coli co-infections in poultry, with results revealing significant therapeutic potential. Challenges
in standardizing and validating these treatments are discussed, alongside the implications of
pharmacokinetic interactions, diagnostic ambiguity, and regulatory hurdles. The findings support further
exploration of polyherbal therapy as a viable complement or alternative to conventional medicine in
combating co-infections and antimicrobial resistance.
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INTRODUCTION

Co-infection, the presence of multiple pathogens, is common, and its significance can vary based on
factors like type and timing of infection, as well as pathogen biology. New diagnostic methods reveal
more cases of co-infections, but their impacts are not always clear [1-37. While there may be potential
benefits to co-infection, harmful interactions can affect the host response, diagnostic test accuracy, and
treatment efficacy. Chronic co-infections are known to cause adverse effects, including negative drug
interactions [4-67. Increased co-infections can lead to less specific diagnostic tests, resulting in reduced
accuracy. The extent of co-infection's impact on diagnostics varies widely, and the human microbiome's
complexity makes it unlikely for tests to be free from co-infection effects. Studies of two or three
pathogens have highlighted some co-infection principles, though these findings are not universally
applicable [7-107. Some anticipated harmful interactions have not been observed. Research on four or
more pathogens is rare due to the complexities involved. Moreover, co-infections that act as mutualistic
organisms present an intriguing area for further study. Investigating spatial interactions among diverse
pathogens also remains largely unexplored [11-137.
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Background on Co-Infections
Over the past decades, remarkable advances in diagnostic methodologies have led to the detection of a
myriad of potential pathogens in human specimens. It is now increasingly recognized that many
infections do not occur alone. The simultaneous presence of two or more infections in a host is known as
co-infection. Co-infections can be defined broadly by any two infections that co-exist in a host. But it may
also be more narrowly defined as more than one pathogen that is known to cause a localized infection
[14-187. The significance of co-infections is not always obvious. Co-infections can be insignificant,
detrimental or even beneficial. Different types of interactions exist at different levels, including
modulation of the host response; altering the performance of diagnostic tests; or drug—drug interactions
during treatment [[19-247]. Chronic co-infections that are established prior to acute infection may mount a
response involving both non-specific and specific immune responses that lead to insufficient or aberrant
responses to a new pathogen. There is abundant evidence for this detrimental effect of chronic co-
infections. Good examples are the long-term inhibitory effects of chronic infections on the immune
response to Human Immunodeficiency Virus (HIV) and related viruses. In the context of HIV vaccines,
recent studies have focused on strategies to mitigate the detrimental effects of chronic co-infections. Co-
infections provide the opportunity to study interactions between pathogens and the immune system.
Acute co-infections are situations in which both infections have recently occurred in a host. The majority
of these either have little or no effect on the other pathogen, but evidence indicates that some acute co-
infections can have profound interactions, resulting in markedly less or more severe disease for one of the
pathogens [25-287. Causes for acute co-infection interactions include the binding of pathogen
components, which reduces the likelihood of replication or detection of the co-infecting pathogen;
induction of a strong immune response against one pathogen that prevents the other environmental
pathogen from infecting; or induction of a weak immune response or lack of a specific immune response to
a pathogen that allows for a focus of replication and spread once it has infected [29-327].
Herbal Remedies Overview
Multi-factor diseases caused by various bacteria, viruses, and parasites pose challenges, highlighting the
need for multi-target therapeutic strategies [33-36]. Chinese medicine, rich in natural compounds
targeting multiple proteins, offers fresh opportunities for treating these diseases, becoming a key focus in
complementary and alternative medicine research. Systems biology enables the exploration of herbal
formulas, particularly those grounded in traditional Chinese medicine (TCM) for respiratory infections,
demonstrating superior therapeutic effects. Methods for modeling multi-factor diseases identify agents
and treatment targets based on their interactions, leading to insights into the overall effectiveness of
herbs [387-397. A simulation algorithm was developed using herb agent-target data, allowing
identification of herb combinations mimicking reference mixtures. A validation model with lymphocytic
choriomeningitis viral infection showcased the utility of these methods in assessing global herbal
remedies. Chickens, a vital part of the food chain, face numerous diseases in farming, particularly co-
infections from multiple pathogens exacerbated by environmental pollution. Conditions like chronic
respiratory disease and egg drop syndrome arise from co-infections by Mycoplasma gallisepticum and
Escherichia coli [407]. Addressing these co-infections is challenging and warrants further veterinary
exploration. Herbal medicine is praised for its effectiveness and lower toxicity, with TCM seen as a viable
treatment source. However, challenges such as herbal selection and combination ratios persist. Target
enrichment techniques, combined with molecular docking and bioinformatics, can elucidate mechanisms
for potential efficacy [67].
Mechanisms of Action of Herbal Remedies
It is known that many herbs and natural products exert their effects through a specific spectrum of
biological-pharmaceutical mechanisms. The pharmacological action of plants is a complex process. It is
neither the simple addition of basic action nor another new complex action, which has its own
characteristics and functions. In more applied terms, it can be said that the synergistic activity is an
additional value of the combined system, which can be estimated as the difference of the total effect of the
combined action and the sum of the individual effects. The importance of mechanisms of actions has not
been given substantial attention, although they are unique because single compounds often utilize a few
(up to 4—5) mechanisms of action, whereas a combination of several compounds utilizes many (10-30)
mechanisms of action. Therefore, elucidation of therapeutic mechanisms of herbal remedies to maximize
therapeutic efficacy and minimize adverse effects is urgently needed in the process of drug development
from traditional herbal remedies. Progress has been made in this regard with natural compounds such as
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curcumin and resveratrol. The progress in elucidation of mechanisms of actions of natural combinations
and discoveries of possible clinical applications are then extensively summarized. Several disease models
and corresponding herbal remedies of common cold, Feichang, diabetes, osteoarthritis, enteritis, liver
injury, lung cancer, breast cancer, multi-drug resistant bacteria, and biofilm were reviewed. After the
representative clinical applications and research results were briefly introduced, some biomedicine tools
for further bio-pharma discovery were also highlighted. Herbal remedies possess many advantages in
development of lead compounds and anti-disease drugs. Future works are required to conserve and
protect precious herbal resources for sustainability of bio-pharmaceuticals and ecology [7-87.
Research Methodology

For the optimization of the herbal administration, the therapeutic herb groups were extracted from their
self-organized phylogenetic tree and were divided into six common herb groups: I. Isatdis Radix; II.
Forsythia Fructus; III. Ginkgo FFolium; I'V. Mori Cortex; V. Licorice; and VI. Radix Salviae. These herbs
represented various properties of modern pharmacology in our preliminary studies, including
bacteriostasis, anti-inflammatory, and bronchodilation. As most of the herbs in the groups contained
abundant components with various functions, it would be promising to standardize the administration of
herbal mixtures. In this research, these six herb groups were used for the treatment of two coinfection
diseases of Mycoplasma gallisepticum (MG) and Escherichia coli (E. coli). The decision on how to choose
herbs from the preset herb groups was made according to the prior combinations in the self-organized
phylogenetic group. The Chinese herbal remedy research was done at different doses of varying herbs.
The formulas were designed based on traditional Chinese medicine methods, varying the ratios of
different herbs in a range of 1:1-1:15. This allowed for initial screening of the primary herbs and
identification of a synergistic ratio. A total of 66 different formulas using a fixed ratio of overall dosage
and varied ratios of individual herbs was used in this stage of the experiment. Primary screening of the
herbal combinations was performed using chicken embryo fibroblast (CEF) cells infected with MG,
scoring the degree of protection by evaluating the cell viability via MTT assays. Six potential formulas
with good therapeutic efficacy against MG infection in CEF cells were identified, and these included
seven different herbs, of which Isatdis Radix, Forsythia Fructus, and Ginkgo Folium were herbal cores.
These herbal combinations were further verified in the chicken model of MG infection. Three formulas
were proven to exhibit notable efficacy and identification of the synergistic ratio of Chinese medicine
against MG and E. coli co-infection models was observed [9-107.

Case Studies of Co-Infections
With the increase in global travel and the movement of goods, the co-circulation of multiple infectious
agents is more frequent than before, resulting in more co-infections in the population. In the field of
veterinary medicine, infectious diseases have threatened human health for thousands of years. In 2020, a
data collection platform and a data clearing and release platform were jointly established in China. The
establishment of this platform makes it possible to date global epidemic events of animal infectious
diseases, which has deep implications for monitoring, prevention, and control containment of animal
epidemics in China and around the world. As an important base for animal product feed in China, the
outbreak of avian influenza A virus (H5N1, H7N9, H7N8, H10N1), Newcastle disease virus, and
mycoplasma have seriously threatened the health and safety of chickens and egg products in China. The
mycoplasma gallisepticum (MG) and Escherichia coli co-infection is one of the most significant diseases
affecting the egg production performance and egg quality of breeding hens. Infectious diseases often cause
economic losses in the poultry industry. Infectious diseases can be divided into infectious diseases caused
by viruses, bacteria, and parasites. At present, common infectious diseases in poultry are influenza,
infectious bronchitis, Newcastle disease, infectious bursal disease virus disease, avian multi-inflammatory
disease, chicken hemagglutinating virus coryza, avian mycoplasma disease, and salmonellosis. The
epidemic of infectious diseases can lead to mortality and severe economic losses. Some avian pathogens do
not cause clinical symptoms in the host, but some pathogens can cause loss of egg production with side
effects. In recent years, due to the extensive use of antibiotics, the incidence of bacterial resistance has
become increasingly serious. How to control these pathogenic bacteria has become a worldwide problem.
Based on laboratory tests, 22 kinds of TCM were selected to treat the relevant dishes. Further testing
and the relevant mechanism of material properties and human diseases were deeply analyzed, which
systematically revealed the TCM compatibility of TCM in treating chicken mycoplasma and E. coli
diseases [11-127].
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Evaluation of Herbal Remedies
As the public turns elsewhere for help in treating a growing number of opportunistic infections,
researchers at the University of Alaska Fairbanks are investigating herbal remedies in an attempt to shed
light on the synergistic effects of multi-herbal preparations on common co-infections. Although many
people might dismiss herbal remedies as quackery, millions around the world swear by their efficacy.
Following the market’s lead, many researchers have begun to probe into the science behind some of
nature’s best-kept secrets, including such herbs as Kava, Goldenseal, and Echinacea. As the interface
between academia and the local market continues to grow, UAF’s researchers hope to provide concrete
evidence of the public’s longstanding belief in the efticacy of herbal remedies. The dandelion and moth
orchids are two herbs in which researchers at UAF are interested, both of which are claimed to have
health benefits in treating colds, air-born pathogens, and bacterial infections. Though university chemists
and botanists would like to strip these herbs down to their “pure” elements, educated islanders like Sabino
Peters disagree. Peters believes it is the combination of fuzzy variables present in a multi-herbal
treatment that accounts for its mild efficacy. Such defiance and debate is welcome among researchers
probing how these tropical pests infect native flora. The goal is to elucidate the means by which a wide
palette of small molecules harbor diverse modes of action. The resultant understanding of herbal
combinations may later be used to replicate half-lives or toxicity in more desirable phytochemical/test
systems. As research on herbal remedies grows, academia and vendors alike realize that these defenses are
becoming less effective every day. With a plethora of co-infections, new phytochemicals are needed to
replace, bolster, or augment the excesses of synthetic biocides currently in use. As the public continues to
turn elsewhere for help in treating these maladies, botanists, chemists, and vendors peer into herbal
remedies in an attempt to illuminate how and why nature’s best-kept secrets work to enhance therapies
tfor common co-infections. Potential partners, the UAF Research Institute for Indigenous Studies as well
as the Laupala Institute and the Laupala Palau Bank Store, are both presently searching for students
interested in investigating wild works on Sakhalin and Micronesia, respectively [13-147].
Synergistic Effects in Clinical Trials
The mechanisms behind the synergistic effects of herbal remedies involve changes in the
pharmacokinetics of the compounds and interactions that can diminish one compound's activity. Future
research should focus on appropriate herbal combinations for clinical trials. Advances in experimental
techniques and quantification have enabled a deeper understanding of complex interactions and molecular
mechanisms. Omics technologies and informatics tools are anticipated to enhance future studies on herbal
remedies' synergistic effects. Numerous clinical trials have shown the interactions between plant-based
remedies and conventional chemotherapy, indicating a need to assess the preclinical evidence regarding
the efficacy, safety, and mechanisms of these combinations on treatment outcomes and adverse events.
This review highlights various herbal remedies rich in bioactive phytochemicals that have been
extensively researched. Evidence using modern pharmacological assays shows that many established
herbal remedies can enhance the anti-cancer eftects of various conventional treatments. Evaluating plant-
based medicines can be efficient due to existing knowledge, allowing quicker project completion for new
combinations. Studies can be designed with advanced methods to address knowledge gaps. There's a
demand for developing herbal and chemotherapeutic agent combinations for clinical use, particularly for
effective herbal remedies tested alongside many chemotherapy agents. The optimum dosage, frequency,
administration method, and duration can be established using data from phytochemical and
pharmacological studies alongside robust modeling techniques. From a market viewpoint, opportunities
exist for traditional medicine companies and pharmaceutical firms to explore herbal combinations with
enhanced therapeutic effects and safety, provided regulatory challenges are met. Investments in
traditional medicine should reflect market size, resources for registration and testing, and understanding
cultural acceptability variations [15-167].
Challenges in Researching Herbal Remedies
Researching herbal remedies presents numerous difficulties — this is especially true when focusing on
combinations. Here, much of the research done to date has been rather simplistic, typically constraining
investigations to just one solvent, one concentration, and one fermentation method. Combinations of
herbal remedies that are put forward may also present challenges in regards to botanical nomenclature
and the validity of the claims made. A wider perspective is needed when investigating herbal remedies in
order to properly understand the deeper characteristics forming their benefit, advantages, as well as
drawbacks. Many pharmaceutical drugs or herbal remedies that have been in use for millennia have
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unanticipated drawbacks. Even, paradoxically, combinations of plants or their extracts that are efficacious
and synergistic in treating a co-infection can make another, unrelated co-infection worse. Due to the
profusion of active ingredients found in herbal remedies it is difficult to ascertain their mode of action, or
side effects. Although there are still no clear metrics and no easy way of testing the efficacy of a herbal
remedy chosen for treatment by the practitioner. Although phytotherapy has been practised in multiple
countries for millennia, only difficult experiments have so far been attempted to study the simple effects of
single herbal remedies on microbes. However, attempts must be made to study the potential potentiation
of herbal remedies. There is great concern about the increasing threat of antimicrobial resistance and why
herbal medicine should be researched in that light. It appears that herbal medicines target swathes of the
biochemistry of microbes unlike conventional antibiotics, which typically target a single process. As a
consequence co-infections, or combinations of microbial diseases, will almost certainly have differing
susceptibilities to herbal remedies that are simply effective against a given single disease [17-187.
Future Directions in Herbal Research

Herbs offer a unique opportunity to potentially target multiple biological mechanisms that can improve
the therapeutic effect for co-infection, as herbal remedies often consist of multiple bioactive components.
The characteristic of herbal remedies enabling them to exert multiple pharmacological effects is the
toundation of Traditional Chinese Medicine (TCM) theory. However, conventional research on herbal
medicine has primarily focused on the bioactivity of isolated single compounds. Studies on the
mechanisms of polyherbal remedy are more limited and challenging, as current strategies to decipher
multi-target function systems either require exhaustive bioactivity assays, network modelling tools, or
trials of aggregating small components in a wet-lab setting. Thus, it remains unclear how to delineate the
active components and identify the gene expression signatures associated with multi-target networks.
The advances in these principles and methodologies will improve the understanding of herbal
biomedicine. Herbal research have made tremendous progress in recent years but current persuasive
evidence in literature oftentimes is fragmented, inconsistent or unsatisfactory due to the intrinsic
limitations of the methodology and difficulty in addressing the complicated polyherbal effects in a holistic
manner. Thus, more systematic and comprehensive research efforts are anticipated to be urgently needed.
The understanding of polyherbal research principles will be greatly facilitated. New research
opportunities will also arise in the field of biomedicine and pharmacology by establishing in vivo
environments for screening polyherbal options or drug-target network mapping contexts for dissecting
multi-target effects. Furthermore, the explore pipeline for herbal systems predictive medicine can greatly
inspire chemists, pharmacologists, system biologists and dynamic mathematicians to uncover new signal
pathways or multi-target bioactive agents for complex health conditions [19-207.

DISCUSSION
Polycinnamic acid (PCA), an uncommon herb widely used in Traditional Chinese Medicine (TCM), has a
wide range of activities, including antiinflammatory and antitumor effects. Moreover, PCA has broad-
spectrum antimicrobial activity and inhibits the growth of a variety of bacteria, fungi, and viruses. Studies
have shown that PCA has an excellent inhibitory effect on E. coli. However, little is known about the
effect of PCA in Mycoplasma co-infection with E. coli. Therefore, it is of great significance to explore the
anti-Mycoplasma mechanism of PCA and its key effective components, which also can provide more
scientific basis for treating disease with TCM. As a kind of herbal monomer, Averantin (Ave), an effective
monomer screened by network pharmacology, is extracted from the widely used herb in TCM, Averrhoa
carambola. It exhibits a variety of physiological activities, such as antioxidant, antibiotic, and
antiinflammatory activities. However, there is little research on the anti-Mycoplasma mechanism of Ave.
In conclusion, the therapeutic effect of PCA and its active components against Mycoplasma co-infection
with E. coli were evaluated by using integrated pharmacological approaches. Furthermore, the
mechanism of PCA was explored by combining bioinformatics methods and molecular biology. These
findings reveal new insights about TCM-based complex systems and provide TCM proposals for
alleviating Mycoplasma co-infection with E. coli in poultry [21, 227].

CONCLUSION
The increasing complexity and prevalence of co-infections necessitate novel therapeutic approaches
beyond traditional antibiotics. Herbal remedies, particularly multi-herbal combinations, show
considerable promise in addressing these multifactorial diseases due to their synergistic and broad-
spectrum bioactivity. Experimental evidence from both cellular and animal models demonstrates that
appropriately formulated herbal treatments can effectively mitigate co-infections, such as those involving
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Mycoplasma gallisepticum and E. coli. However, challenges such as standardization, variability in herbal
composition, and limited understanding of underlying molecular mechanisms must be addressed to fully
harness their therapeutic potential. Advances in systems biology, omics technologies, and network
pharmacology can support this effort. Moving forward, interdisciplinary collaboration and comprehensive
clinical trials will be crucial for validating the safety, efficacy, and scalability of herbal therapies in
managing co-infections in both human and veterinary contexts.
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