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Infection



Themes for the weekend

 Germs are not the enemy, and attempts to eradicate them have 
led to serious unintended consequences, collectively and 
individually

 Biofilms are the natural base state of bacteria, archaea, and some 
fungi.  Biofilms are not the enemy, and attempts to eradicate them 
may also produce unexpected and unintended adverse 
consequences.

 The microbiomes in the various regions of the body perform essential 
functions, and, if damaged, can allow increased pathogenic 
infections

 A single course of antibiotics can cause lasting damage to the 
microbiome. Repeated courses will cause lasting and irreversible 
damage 



Old model of infection

Infectious agent (microbe) Host resistance
disease threshold

weak strong

strong weak

Therapeutic choices: Kill the organism or strengthen the host



1. Koch himself abandoned 
the first point in the face 
of evidence for 
asymptomatic carriers of 
potentially pathogenic 
organisms 

2. The vast majority of 
microorganisms known to 
inhabit the human body 
cannot be cultured in 
any known medium

3. Many potentially 
pathogenic organisms 
can be injected into 
animals or humans 
without causing any 
symptoms at all. 



Damage-response model of infection
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Pirofski LA, Casadevall A. 
The damage-response 
framework of microbial 
pathogenesis and 
infectious diseases. Adv Exp 
Med Biol. 2008;635:135-46. 



Examples of host damage

 Non-healing wounds and ulcers. Immune response damages tissues. 
 Tuberculosis. Damage to lung by immune response.
 Chronic viral hepatitis. Damage to liver by immune response.
 HIV infection triggering autoimmune response.
 Chronic Lyme infection. Damage to connective tissues by response.
 Possible chronic-infection triggered autoimmunity
 Permanent presence of high volumes of antigenic food substances 

produce systemic inflammation. 



Possible outcomes of chronic infection

Infection

Elimination Colonization Commensalism

Disease

Latency
Pirofski LA, Casadevall A. The damage-response 
framework of microbial pathogenesis and infectious 
diseases. Adv Exp Med Biol. 2008;635:135-46. 

BIOFILM FORMATION



Old Model

 Single infectious agents 
responsible for single disease

 Allopathic strategy: Kill the 
organism with antimicrobials. 

 Natural strategies: Enhance host 
resistance through lifestyle and/or 
antimicrobial strategy

New Model

 Bacteria, viruses, and fungi exist throughout the 
organism in complex structured communities.

 They are essential to life and primarily beneficial.
 Avoid disrupting essential or beneficial 

commensal structures in skin or gut.
 Natural therapeutics to restore disrupted 

communities or their structures
 Acute systemic anti-microbial strategy for serious 

infection only. 
 Anti-microbial and anti-biofilm strategies for local 

chronic infection when topical application is 
possible.

 Internal biofilms: a Great Unknown



Biofilms



Definitions

 Planktonic form. Bacterial for as a single organism
 Biofilm form. Bacteria in complex matrix of single or multiple species 

which may include yeasts and fungi. 
 MIC. Minimum inhibitory concentration. The minimum amount of an 

antimicrobial substance to stop growth of an organism in culture.
 MBC Minimum bactericidal concentration
 SIC. Sub Inhibitory Concentration. Amounts of antimicrobial 

substances below the level necessary to stop growth of an organism 
in culture. 



Bacteria live in a biofilm state

Planktonic form. 
Free moving

Biofilm form. 
Non-mobile, linked in a matrix

The biofilm for of bacteria is resistant 
to both antibiotic therapy and the 
immune system

Most bacteria in an on the human 
body exist in biofilm form. Most are 
beneficial commensal bacteria and 
provide barrier, immune, and 
metabolic functions



Biofilm matrix
 Under specific conditions, bacteria secrete matrix substances.
 These are typically polysaccharides, genetic material, or proteins
 The bacteria may also secrete gel substances into the matrix.
 The biofilm structure may take on the qualities of a complex 

organism, with specialization of function at the various levels and 
among the various component organisms of the biofilm.

 The structural substances create a mechanical barrier protecting 
the internal organisms from the immune system, or from 
antimicrobial substances.

 The structure may also produce a metabolic gradient, with different 
metabolism of the superficial or deep organisms. 



MRSA

Pseudomonas

Biofilms are part of normal microbiome 
defense of the body but pathological biofilms 
are nearly universally present in: 

• Oral plaque, periodontal disease, abscess
• MRSA infections on skin
• Other skin infections
• Chronic wounds and ulcers
• Chronic sinus infection
• Upper GI disturbances
• Vaginal infection
• Bladder infection



Lactobacillus



Biofilms







An infection may involve biofilm formation within 24-72 hours of first signs
(Immediately disinfect acute wounds)





• Planktonic bacteria can begin to form a biofilm within minutes in contact
with any interface.

• 99% of bacteria exist in the form of biofilm.
• Biofilms are ubiquitous and develop frequently on Medical Devices (urinary

and intravenous catheters, endoscopes, medical devices, dialysis
equipment.

• Tests can lead to "false-negative" results: germs hidden in biofilms are not
collected.



Borrelia biofilm on slide



 Biofilms are the normal life state for bacteria and some fungi
 The gradient of metabolism from aerobic at the surface to 

anaerobic at the core allows resistance to substances which might 
attack the metabolism. 

 In some species, an attached biofilm layer provides nutrients to a 
superficial layer, which may the secrete antibiotics, reproduce, etc. 

 Once aggregated, bacteria in biofilms can dramatically change 
their functions and secretions. 

 Commensal biofilms in the gut, on the skin, and elsewhere may be 
essential or beneficial for the life of the organism. 



Emergent properties

 Biofilms have emergent properties, unpredictable from study of free,
planktonic bacteria.

• Cooperation Horizontal transfer of genes (via plasmids) carrying
antibiotic-resistance and virulence is favored inside biofilms.

• Survival Biocides are mostly tested against free-floating (planktonic)
bacteria, not against biofilms. Structural and functional properties of biofilm
matrix enhance survival of exposure to antimicrobials.

• Complex Cells in biofilms have the ability to undergo differentiation.
Continuously remodeled, every microbial species develops a specific
matrix composition.

• Multispecies biofilms may develop completely unique properties
compared to those of the individual microorganisms



Biofilms have not been studied 
in the living organism.

Biofilms in infected wounds 
are typically in the range of 5 
to 10 micrometers, or 1/100 of 
a millimeter. Requires about 
100x magnification to be 
visible. 

One sample of Borrelia biofilm 
in tissue samples required 
400X magnification. 



Pattern of growth in the laboratory dish













Killed cells in the biofilm are red. Colistin* kills the anaerobes at the center of the biofilm, but 
leaves the metabolically active aerobes at the surface intact, and the biofilm is completely 
restored. Tobramycin kills the aerobes, but leaves the anaerobes intact. The combination can 
kill the biofilm.  

*nephrotoxic last 
resort antibiotic 
used in Cystic 
Fibrosis infections

Red cells are dead





Antibiotic combination concentration necessary to eradicate biofilms over time



Multispecies biofilms

Burmølle M, Webb JS, Rao D, Hansen LH, Sørensen SJ, Kjelleberg S. 
Enhanced biofilm formation and increased resistance to antimicrobial 
agents and bacterial invasion are caused by synergistic interactions in 
multispecies biofilms. Appl Environ Microbiol. 2006 Jun;72(6):3916-23.

Most microorganisms exist in multispecies 
biofilms which may also include fungi.

Survival and resistance genes can be 
shared across Kingdoms

Below: Oral plaque is a multispecies 
biofilm with constantly changing and 
evolving components

Tolerance genes are most easily spread in 
multi-species biofilms. Multispecies biofilms 
evolve in their composition and their 
resistance with each dose of antibiotics

Multispecies biofilms have higher 
resistance to antimicrobial substances 
than their individual constituent 
microorganisms



Plasmid exchange can occur 
rapidly and extensively 
throughout a biofilm. 

In this example, almost all the 
bacteria are conjugated and 
exchanging genetic and other 
materials with each other. 

For instance “resistance genes” 
to an antimicrobial constituent or 
drug, or other genes which allow 
survival, can be shared and 
passed throughout the biofilm 
until all surviving members 
possess them. 



Right: A 3 species biofilm grown 
in saliva

Below: a “corncob” biofilm with 
cocci attached to bacilli



Machado D, Castro J, Palmeira-
de-Oliveira A, Martinez-de-Oliveira 
J, Cerca N. Bacterial Vaginosis 
Biofilms: Challenges to Current 
Therapies and Emerging 
Solutions. Front Microbiol. 2016 
Jan 20;6:1528. 

“Currently, it is consensus that BV involves the presence of a dense, 
structured and polymicrobial biofilm, primarily constituted by G. 
vaginalis clusters, strongly adhered to the vaginal epithelium”

Bacterial vaginosis multispecies biofilm

Red, yellow, and green hues show different species. 
Blue circles are nuclear DNA from the host cells



Berberine and companion alkaloids
MAY ACT AGAINST BIOFILMS BY ATTACKING BOTH AEROBES AND ANAEROBES



In this ex vivo trial both Coptis root and it constituent  
berberine significantly inhibit the growth of gut bacteria 
under both aerobic and anaerobic conditions. In in vitro 
trials, both RC and berberine significantly inhibit the 
growth of Firmicutes under anaerobic conditions.

Xie W, Gu D, Li J, Cui K, Zhang Y. Effects and action mechanisms of berberine and Rhizoma coptidis on 
gut microbes and obesity in high-fat diet-fed C57BL/6J mice. PLoS One. 2011;6(9):e24520.



The Odwalla Juice E-coli epidemic

 Odwalla juice marketing unpasteurized juices during the 1990s.
 In 1996, a batch of their apple juice because infected with pathogenic 

E-coli bacteria. The apple juice is a component in most of their juices. 
 An epidemic followed across the American West, with cases reported in 

Washington State, Colorado, and California. One child died in Colorado, 
and 13 more were hospitalized with kidney damage. 

 A number of individuals in Boulder, CO became sick. None were ever 
recorded in the official statistics of the epidemic. 

 A tincture formula of equal parts of Hydrastis, Mahonia, Berberis v., and 
Coptis chinensis proved rapidly effective against a case with fever and 
bloody diarrhea (blood resolved after two moderate doses)



Alkaloid Hydrastis Mahonia Berberis Coptis

Berberine x x x x

Berbamine x x

Berberastine x x

Berberubine x x

Canadine x

Chondocurine x

Columbamine x x

Coptisine x x

Epiberberine x

Hydrastine x

Hydrastinine x

Jatrorrhizine x x x

Oxicanthine x

Oxyacanthine x x

Palmatine x x x

Tetrahydroberberastine x

Isoquinoline Alkaloids in 
some berberine-
containing plants. 

Most of these alkaloids 
have anti-microbial or 
other pharmacological 
effects in scientific trials

The combination may 
have broader-spectrum 
or synergistic effects on 
microorganisms. 



Hydrastis H + M H + M + B H + M + B + C

Berberine Berberine Berberine Berberine
Berberastine Berbamine Berbamine Berbamine

Canadine Berberastine Berberastine Berberastine
Hydrastine Canadine Berberubine Berberubine

Hydrastinine Hydrastine Canadine Canadine

OH-4-berberastine Hydrastinine Chondocurine Chondocurine

Jatrorrhizine Columbamine Columbamine
Oxyacanthine Hydrastine Coptisine

Palmatine Hydrastinine Epiberberine

OH-4-berberastine Jatrorrhizine Hydrastine

Oxicanthine Hydrastinine
Oxyacanthine Jatrorrhizine

Palmatine Oxicanthine

OH-4-berberastine Oxyacanthine

Palmatine

OH-4-berberastine

Topical 
berberine 
compound 
formula
Potential synergistic 
alkaloids from 
Hydrastis, Mahonia, 
Berberis, and Coptis 
combination

New alkaloids with each 
addition are marked bold 
italic.

The possible synergistic 
auxiliary compounds in 
each plant may also be 
present. 



Luo J, Yan D, Yang M, Dong X, Xiao X. 
Multicomponent therapeutics of berberine 
alkaloids. Evid Based Complement Alternat 
Med. 2013;2013:545898. 

Berberine and its related alkaloids 
common in berberine-containing plants 
each inhibit bacteria individually



Pairs of alkaloids usually show synergistic effects against bacteria.
Light blue, yellow and green squares indicate progressively higher synergy 



 The effects of internal use of berberine-containing plants on 
diarrhea/dysentery is not likely due to antimicrobial effects. 

 Has effects throughout the gut, reducing watery secretions, secretions, 
bile flow, peristalsis, and also astringency. 

 Very high-dose berberine concentrates used in studies can cause 
dysbiosis and related diarrhea. 

 Topical treatments of biofilm-related infections with a combination of 
berberine-containing herbs may be more effective than a single herb. 



 Damaged cell wall
 Cytoplasm leakage, cell death
 Block DNA and protein synthesis
 Block growth proteins
 Block reproductive protein
 Block division and development. 
 Death

Mechanism of antimicrobial action

Kang, S., Li, Z., Yin, Z., Jia, R., Song, X., Li, L., … Yin, lizi. 
(2015). The antibacterial mechanism of berberine against 
Actinobacillus pleuropneumoniae. Natural Product Research, 
29(23), 2203–2206.

Peng L, Kang S, Yin Z, Jia R, Song X, Li L, Li Z, Zou Y, 
Liang X, Li L, He C, Ye G, Yin L, Shi F, Lv C, Jing B. 
Antibacterial activity and mechanism of berberine against 
Streptococcus agalactiae. Int J Clin Exp Pathol. 2015 May 
1;8(5):5217-23.



Dose for topical use

 MIC for Actinobacillus is .3125 mg/mL
 MIC for strep species was 78 micrograms/mL (see next slide)
 MIC for Candida species 8-16 micrograms/Ml
 Concentrations of berberine and hydrastine in commercial tinctures 

of Hydrastis canadensis = 4-5 mg/mL

Brown PN, Roman MC. Determination of hydrastine and berberine in 
goldenseal raw materials, extracts, and dietary supplements by high-
performance liquid chromatography with UV: collaborative study. J 
AOAC Int. 2008 Jul-Aug;91(4):694-701. Erratum in: J AOAC Int. 2012 
Jan-Feb;95(1):286.



Chu M, Zhang MB, Liu YC, Kang JR, Chu ZY, Yin KL, Ding LY, Ding R, Xiao RX, 
Yin YN, Liu XY, Wang YD. Role of Berberine in the Treatment of Methicillin-
Resistant Staphylococcus aureus Infections. Sci Rep. 2016 Apr 22;6:24748.

Berberine inhibited growth 
of MRSA at =>128 
micrograms/mL



Berberine strongly inhibited MRSA biofilm formation at sub-inhibitory levels.

Chu et al



Berberine effects on levels of physiology

 Topical including stomach.  Very potent effect due to 
concentration at site of infection and direct diffusion into the tissues

 Gastrointestinal and microbiome. Antimicrobial effects greatly 
reduced effects due to dilution in GI fluids with normal forms. 
Berberine intestinal dynamics of motility and secretions without 
affecting the flora. 

 High concentrated doses of isolated berberine, can create dysbiosis 
and related diarrhea. 

 For practical purposes, berberine is not absorbed into the plasma 
and has no systemic effects. 



Hua, W., Ding, L., Chen, Y., Gong, B., He, J., & Xu, G. 
(2007). Determination of berberine in human plasma by liquid 
chromatography–electrospray ionization–mass spectrometry. Journal of 
Pharmaceutical and Biomedical Analysis, 44(4), 931–937.

• A dose of 400 mg of 
a purified dose of 
berberine 
(equivalent to more 
than 3 ounces of 
Hydrastis tincture) 
raised serum levels of 
berberine to only 0.3 
ng/mL. 

• Correspondingly low 
concentrations of 
metabolites found in 
various tissues in 
mice. 



Microbial defenses



This Biofilm will now come to order
“Quorum sensing” by bacteria

• Planktonic bacteria secrete signaling molecules. 
• As the population grows, the concentration of

signaling molecules rises, and bind 
to surface receptors on the bacteria.

• This triggers bacterial DNA activation
• Increased production of the triggering molecule
• Expression of matrix materials to form a biofilm
• Production of antibiotics to protect the colony from 

other bacteria, fungi, etc.
• Production of adhesion molecules
• Production of proteases and other substances 

enabling invasion of tissues.
PUBMED search tip: 
(biofilm* OR quorum)



Some plants with anti-biofilm/quorum properties

 The discovery of the quorum-sensing property essential to formation 
and functioning of a biofilm has led to a research quest for plant 
constituents with anti-quorum or anti-biofilm properties. 

Science + tradition
• Allium
• Hydrastis (leaf)
• Commiphora myrrha
• Boswellia
• Achillea
• Aloe
• Hypericum
• Althaea
• Arctostaphylos
• Acalypha
• Quercus and tannins

Traditional use
• Anemopsis
• Larrea
• Baptisia
• Thuja
• Bursera



Efflux Pumps (multi-drug resistant EP)

 Bacteria contain transporters in their membranes which actively 
pump harmful substances back out of the cell. 

 The process is non-specific, evicting a wide variety of substances. It 
can result in complete inactivation of anti-biotic substances. 

 EP activity is responsible for bacterial resistance to both plant and 
pharmaceutical antibiotics. 

 A bacterial biofilm population will rapidly evolve to contain robust 
EP pump activity in response to plant or pharmaceutical antibiotics.

 Bacteria of unrelated species and Kingdoms (bacteria, fungi, 
viruses) can acquire the EP resistance genes from each other in a 
multispecies biofilm 

 The pharmaceutical quest for Efflux Pump Inhibitors (Epi) has led to a 
flurry of research into plant compounds in the last decade. 



Efflux pumps

 Efflux pumps allow 
microorganisms to 
expel many kinds of 
substances harmful to 
them. 

 Genes coding for 
more efficient efflux 
pumps are part of 
bacterial resistance. 

 Efflux pump inhibition is 
a potential target for 
antimicrobial therapy 
with plants or drugs.



Ughachukwu P, Unekwe P. Efflux pump-mediated resistance in chemotherapy. Ann Med Health Sci Res. 2012 
Jul;2(2):191-8. doi: 10.4103/2141-9248.105671. PubMed PMID: 23439914; PubMed Central PMCID: 
PMC3573517. 

Zhou G, Shi QS, Huang XM, Xie XB. The Three Bacterial Lines of Defense against Antimicrobial Agents. Int 
J Mol Sci. 2015 Sep 9;16(9):21711-33. doi: 10.3390/ijms160921711. Review. PubMed PMID: 26370986; 
PubMed Central PMCID: PMC4613276.

Reviews of efflux pump structures, functions, and roles in bacteria

… and structures and function common to prokaryocytes and eukaroycytes



Efflux pump inhibitors in plants

 Most isolated plant antimicrobial substances are not effective 
against gram negative bacteria, due to membrane functions and 
efflux pumps, but the whole plants themselves may be very 
effective due to synergistic constituents, including EPI constituents.

 Addition of EPI constituents can multiply effectiveness dramatically 
100-1000x. 

 Most whole plants contain EPI constituents. 
 Plant “specialists” with high EPI activity may be added in formula to 

topical preparations or other herbs. 



Some plants containing EPI

 Hydrastis (leaf)
 Some Berberis species (leaf)
 Allium sativum
 Allium spp.
 Calendula
 Plantago
 Echinacea
 Artemisia spp. 

 Hypericum
 Althaea
 Achillea
 Commiphora
 Boswellia
 Baptisia
 Arctostaphylos
 Arbutus



Some widely dispersed EPI constituents

Luteolin Apigenin Kaempferol Myricetin

Artemisia Artemisia Allium Arctostaphylos 
spp.

Echinacea Echinacea Echinacea Arbutus spp. 

Plantago Plantago Althaea Other Ericacaea

Baptisia Berberis v

Calendula



Hydrastis leaf
 Contains all the Hydrastis alkaloids 

but in lower concentration than 
the root.

 Contains at least 2 EPI which 
effectively double the potency of 
berberine

 Also contains anti-quorum and
anti-biofilm properties unrelated 
to its alkaloids or the EPI.

 Sustainably grown Hydrastis leaf 
may be added in formula to 
almost any topical antimicrobial 
to improve results

Cech NB, Junio HA, Ackermann LW, Kavanaugh JS, Horswill AR. 
Quorum quenching and antimicrobial activity of goldenseal 
(Hydrastis canadensis) against methicillin-resistant 
Staphylococcus aureus (MRSA). Planta Med. 2012 
Sep;78(14):1556-61. 



Plants and biofilms

Plants can do through multiple constituents what no drug can do. 
These functions are essential to plant survival

 Attack microbial cell wall
 Attack microbial metabolism
 Disrupt bacterial resistance functions (efflux pumps for instance)
 Disrupt quorum sensing
 Disrupt quorum-dependent functions
 In humans, they may also stimulate local host resistance or circulation 

Plant defenses against biofilms are proof of the 
concept of constituent-synergy in herbal medicine



Paul Bergner
Director, North American Institute of Medical Herbalism
Editor, Medical Herbalism Journal
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