
Introduction

Most encounters between bacteria and the equine endometri-
um result in an acute period of subclinical infection and occa-
sionally clinical symptoms. After an acute infection, in a ma-
jority of mares, invading bacteria are eliminated and infection 
is resolved. However, in a minority of cases, small numbers 
of bacteria survive and cause persistent infections that can be 
difficult to eliminate. Development of acute and chronic cases 
of endometritis is the result of deficiencies in the mare’s abili-
ty to eliminate an infection and causative bacterium’s unique 
pathogenic properties.

Mare’s uterine defense mechanisms to bacterial infection are 
well understood and consist of physical, immunological, and 
mechanical barriers.1 Bacteria utilize several methods to sur-
vive degradation by the host immune system and antibiotic 
therapy. One survival tool utilized by bacteria is the produc-
tion of a biofilm. Biofilms allow bacteria to remain undetect-
ed by the host immune system, prevent exposure to antibi-
otics, and allow for exchange of genetic material leading to 
antibiotic resistance.2

Pathophysiology

Presence of bacteria within the uterine lumen results in a 
rapid influx of neutrophils, immunoglobulins, and serum 
proteins. Neutrophils from susceptible mares have reduced 
in vitro ability to phagocytize bacteria compared to resistant 
mares. Inflammation associated with the innate immune sys-
tem results in fluid production into uterine lumen.3-5 

Final defense mechanism against bacterial endometritis is me-
chanical uterine clearance of bacteria and inflammatory prod-
ucts. Mares susceptible to uterine infections have decreased 
clearance of uterine fluid compared to resistant mares. After 
intrauterine inoculation with bacteria, susceptible and resis-
tant mares had similar uterine myometrial contractions for 
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6 - 8 hours postinoculation; however, the contractile activity 
decreased in susceptible mares after 8 hours.6-8 Failure to clear 
bacteria and inflammatory products from the uterus, results 
in continued activation of the innate immune system, result-
ing in a further increase in inflammatory cells, immunoglob-
ulins, and serum proteins reaching the uterus that continue to 
activate the innate immune system.

Bacterial lifestyle-planktonic versus biofilm

Bacteria are capable of living in 2 lifestyles (planktonic or bio-
film state). Planktonic bacteria are single bacterial cells free 
flowing in suspension. Bacteria in this lifestyle are utilizing 
available nutrients for procreation. These individual cells are 
relatively susceptible to recognition and degradation by the 
host immune system, susceptible to changes in environment 
(e.g., desiccation, lack of nutrients, and others), and sensitive 
to antibiotics. However, the planktonic cell paradigm does not 
accurately reflect the growth of bacteria in nature associated 
with a biofilm.2 

In the last several decades the biofilm state has been con-
sidered as more prevalent lifestyle with ~ 99% of the overall 
world bacterial biomass living in a biofilm. In natural envi-
ronments these biofilms are invariably a multispecies of mi-
crobial community harboring bacteria that stay and leave with 
purpose, share their genetic material at high rates, and fill dis-
tinct niches within the biofilm.

First step in biofilm formation is migration and adherence to 
a surface. Individual bacteria will migrate (if capable) until 
other bacteria (same species or other) are encountered and 
micro-colonies start to form. At this point, planktonic and 
biofilm lifestyles start to diverge, genes associated with flagel-
la are down regulated and genes associated with polysaccha-
ride production increase. This exopolysaccaride (EPS) matrix 
forms the scaffold for the biofilm community. 



Clinically, biofilms can cause substantial difficulty for clini-
cians to eliminate once these chronic infections are estab-
lished. Bacteria within a biofilm are protected from the host 
immune system as white blood cells have reduced ability for 
movement and function, and the thick layer of EPS prevents 
antibodies from reaching bacteria deep within the biofilm. 
Biofilms protect bacteria from antibiotics by providing a dif-
fusion barrier that decreases the amount of antibiotics that 
reach the protected bacterial colonies and creates a microen-
vironment that slows down the metabolism and therefore the 
replication rate of bacteria that also makes them more resis-
tant to antimicrobial agents. Ultimately, biofilms are associat-
ed with development and maintenance of subpopulations of 
‘persister cells.’9-14

As antimicrobial agents come in contact with biofilm, agents 
must traverse through a thick layer of EPS, DNA, RNA, lipids 
and proteins in order to reach bacteria buried deep within this 
protective barrier. Bacteria in the outer region may be killed, 
but a decrease in the concentrations of antibiotics reaching 
the inner layer bacteria contributes to the formation of a nidus 
for chronic infection. 

Thick layer of EPS in biofilms not only prevents antibiotics 
from penetrating, but limits diffusion of oxygen and nutri-
ents. Oxygen and nutrient deprivation consequently result in 
a decrease in metabolic rate compared to planktonic or free 
individual bacteria. This reduction in metabolic rate provides 
additional antimicrobial resistance as antibiotics typically 
only act upon rapidly multiplying bacteria.10,14-16

It has been proposed that biofilms have an important role in 
chronic uterine infections resistant to antimicrobials due to 
biofilm production. Additionally, acute and chronic nonheal-
ing wounds on the distal equine limb contained a significant-
ly greater incidence of biofilm producing bacteria compared 
to a skin sample near the wound.17 

Biofilms in the horse

Evaluation of bacteria isolated from the equine uterus suggests 
that the majority of isolates of Streptococcus equi subsp. zooe-
pidemicus, Escherichia coli (E.coli), Pseudomonas aeruginosa (P. 
Aeruginosa), and Klebsiella pneumonia are capable of producing 
a biofilm in vitro.18 In mares, using a model of infectious en-
dometritis, a biofilm involved infection has been clearly iden-
tified. The adherent biofilm material is multi-focal with the 
greatest adherence occurring between the tissue folds and in 
uterine horns. Bacteria are at greater numbers deep in the en-
dometrial glands compared to the luminal surface. Treatment 
options may need to penetrate deeper into the glands and tis-
sue to effectively clear these infections. There is an alteration 
in the host immune response with reduced PMNs surround-
ing areas of adherent biofilm compared to areas free of bacte-
ria. Unfortunately, no clinical diagnostic tests are available for 
detection of a biofilm-related infection.19 In human medicine, 
a biofilm is suspected if appropriate antibiotic therapy is given 
and the infection is unable to be eliminated. 

Treatment options for biofilms

Bacteria residing in a biofilm can be up to 1,000 times more 
resistant to treatment with antibiotics compared to free-liv-
ing (i.e., planktonic) bacteria. Simple treatment of antibiotics 
has been unable to eliminate chronic infections suspected of 
involving a biofilm in both human and veterinary medicine. 
The goal in treating a biofilm associated infection is to remove 
the biofilm material and kill the bacteria residing within the 
biofilm. 

A series of in vitro and in vivo studies were conducted to as-
sess biofilm dispersal and/or bacterial killing for antibiotics 
and nonantibiotic agents alone or in combination against 
gram-negative bacteria.19 Data indicate that antibiotics and 
nonantibiotic agents are more effective against biofilm if treat-
ed concurrently (i.e., in the same syringe). Uterine infusions 
(based on the in vitro data) are provided (Table). Amount of 
either antibiotic or nonantibiotic agent for each infusion is the 
minimum effective concentrations against E. coli, K. Pneumo-
niae, and P. aeruginosa. Duration of treatment must be at least 
72 hours, repeated every 24 hours (i.e., a uterine infusion of 
the selected combination once every 24 hours for 3 consecutive 
days). This treatment protocol resulted in complete biofilm dis-
persal and bacterial killing in vitro. 

It is important to note that some nonantibiotic agents and an-
tibiotics should not be combined in the same syringe. For ex-
ample, in vitro data indicated that mixing acetylcysteine with 
antibiotics in the same syringe reduced antibiotics activity.

We recommend antibiotic sensitivity testing for all gram-nega-
tive organisms. Bacteria inherently resistant to an antibiotic will 
still be resistant when that antibiotic is used in combination 
with a nonantibiotic agent.

Latent bacteria or persister cells and infections

Persister cells, representing ~ 1% of all bacteria in a free-float-
ing state, are characterized by tolerance to antibiotics with no 
change in genetic expression. It is often believed that these bac-
teria are potentially dormant and metabolically inactive. This 
phenomenon was originally described in the 1940’s in that 
cultures of Staphylococcus aureus exposed to lethal doses of peni-
cillin resulted in < 1% of the original CFUs surviving penicillin 
exposure.20 Although this work was conducted before genetic 
sequencing was available, authors did not feel the acquired 
antibiotic resistance was due to a mutation in the bacteria as 
subsequent culturing and exposure to antibiotics resulted in 
continued susceptibility of these previous tolerant colonies. 

Latent bacteria in the horse

It has been clearly identified that some mares can have a pop-
ulation of dormant Streptococcus equi subsp. zooepidemicus deep 
in the uterine glands.21 This population of bacteria would not 
be identified on routine culture (not actively dividing bacte-
ria) or cause substantial inflammation or infection. However, 
if these bacteria were to leave this dormant stage after the es-
tablishment of pregnancy, the resulting bacterial growth will 
induce inflammation and infection leading to pregnancy loss.



Table. Antibiotic and nonantibiotic combinations for the treatment of biofilm associated bacterial endometritis in mares

Tris EDTA: final concentration in the syringe should be 50 mM Tris and 3.5 mM EDTA
Note: Tris-EDTA and Tricide are similar; however, Tricide is not equivalent to Tris-EDTA in regards to bacterial killing 
To make Tris-EDTA: 16oz bottle of Dechra Triz-EDTA crystals; add 8 oz of sterile water (this is different than the bottle 
instructions). Two x concentration of Tris-EDTA solution will be further diluted by the antibiotics below to the proper final 
concentration.

Antibiotic
Drug 

amount
Tris EDTA Expansion volume

Final vol-
ume

Notes:

Amikacin (250 
mg/ml)

4 mls (1 
gram)

30 mls
16 mls sterile fluid (Saline, 
LRS, Sterile H2O)

60 mls
10 mls of 8.4% sodium bicarbonate 
should be added to the amikacin

Ceftiofur
 (1 gram reconsti-
tuted in 20 mls)

20 mls (1 
gram)

30 mls
10 mls sterile fluid
(Sterile H2O)

60 mls

Ciprofloxacin (10 
mg/ml)

40 mls 
(400 mg)

40 mls 0 80 mls Split between 2 syringes

H2O2- 1% final concentration in the syringe
A 3% stock solution is available at many drug stores and veterinary distributors

Antibiotic
Drug 

Amount
H2O2 Expansion Volume

Final vol-
ume

Notes:

Amikacin (250 
mg/ml)

4 mls (1 
gram)

20 mls
26 mls sterile fluid
(Saline, LRS, Sterile H2O)

60 mls
10 mls of 8.4% sodium bicarbonate 
should be added to the amikacin

Ciprofloxacin (10 
mg/ml)

40 mls 
(400 mg)

20 mls 0 60 mls

DMSO- 30% final concentration in the syringe
99% stock solution is used for calculations below

Antibiotic
Drug 

Amount
DMSO Expansion Volume

Final vol-
ume

Notes:

Ceftiofur (1 gram 
reconstituted in 
20 mls)

20 mls (1 
gram)

20 mls
20 mls sterile fluid
(Sterile H2O)

60 mls

Ciprofloxacin (10 
mg/ml)

40 mls 
(400 mg)

20 mls 0 60 mls

Treatment for latent bacteria

Goal for treating mares with latent or dormant bacteria is to 
force the bacteria to move from the dormant state into a met-
abolically active state in which identification and treatment 
can be performed. Dormant Streptococcus zooepidemicus can be 
activated by infusing a proprietary medium (bActivate) into 
uterus.22 At 24 hours after infusion, 64% (15/25) mares were 
positive for Streptococcus zooepidemicus compared to 8% (1/12) 
mares infused with PBS. Proprietary medium forced bacteria 
to move from the dormant state to a metabolically active state 
to initiate treatment.22 

Interestingly, breeding may also activate dormant state bacte-
ria, as 55% (16 of 29) of mares with a negative culture prior 
to breeding that retained fluid postbreeding were positive for 
Streptococcus zooepidemicus.23 Authors concluded that it was 

more likely to be dormant Streptococcus zooepidemicus that was 
reactivated compared to introduction at breeding.23 Devel-
opment of post-mating fluid in barren mares could be due 
to inflammation from breeding and reactivation of dormant 
bacteria. 

Conclusion

Overall, the incidence of biofilm or latent bacteria is unknown 
in the broodmare population. With relatively higher per cycle 
overall pregnancy rates in broodmares, one can suspect that 
the incidence rate of biofilm or latent bacteria is low. Biofilm 
and latent bacteria must be considered as a cause of subfertil-
ity in individual mares failing to become pregnant. Research 
has helped to understand the development of infections, im-
prove diagnostic techniques, and provide effective treatment 
strategies for biofilm or latent bacterial endometritis. 



Conflict of interest

None to declare.

References

1. Causey RC, LeBlanc MM: Clinical and subclinical endometritis in 

the mare: Both threats to fertility. Reprod Dom Anim 2009;44 Suppl. 

3:10-22. 

2. Donlan RM Costerton JW: Biofilms: Survival mechanisms of 

clinically relevant microorganisms. Clin Microbiol Rev 2002;15:167-

193.

3. Troedsson MHT, Liu IKM, Thurmond M: Function of uterine and 

blood-derived polymorphonuclear neutrophils in mares susceptible 

and resistant to chronic uterine infection: Phagocytosis and 

chemotaxis. Biol Reprod 1993;49:507-514.

4. Ohman T, Klein C, Doty A, et al: The phagocytic function of blood-

derived polymorphonuclear neutrophils after administration of 

dexamethasone for the modulation of post-breeding endometritis in 

the mare. Pferdeheilkunde 2011;27:267-270.

5. Troedsson MH, Liu IK, Thurmond M: Immunoglobulin (IgG 

and IgA) and complement (C3) concentrations in uterine secretion 

following an intrauterine challenge of Streptococcus zooepidemicus in 

mares susceptible to versus resistant to chronic uterine infection. Biol 

Reprod 1993;49:502-506.

6. LeBlanc MM, Asbury AC, Lyle, SK: Uterine clearance mechanisms 

during the early postovulatory period in mares. Am J Vet Res 

1989;50:864-867.

7. Troedsson MH, Liu IK, Ing M, et al: Multiple site electromyography 

recordings of uterine activity following an intrauterine bacterial 

challenge in mares susceptible and resistant to chronic uterine 

infection. J Reprod Fert 1993;99:307-313.

8. Troedsson MHT, Wistrom AOG, Liu IKM, et al: Registration of 

myometrial activity using multiple-site electromyography in cyclic 

mares. J Reprod Fert 1993;99:299-306.

9. Jefferson KK, Goldmann DA, Pier GB: Use of confocal microscopy 

to analyze the rate of vancomycin penetration through Staphylococcus 

aureus biofilms. Antimicrob Agents Chemother 2005;49:2467-2473.

10. Brown MR, Allison DG, Gilbert P: Resistance of bacterial biofilms 

to antibiotics: A growth rate related effect? J Antimicrob Chemother 

1998;22:777-780.

11. Anwar H, Strap JL, Costerton JW: Establishment of aging biofilms: 

Possible mechanism of bacterial resistance to antimicrobial therapy. 

Antimicrob Agents Chemother 1992;36:347-351.

12. Stewart PS, Costerton JW: Antibiotic resistance of bacteria in 

biofilms. Lancet 2001;358:135-138.

13. Shah D, Zhang Z, Khodursky A, et al: Persisters: A distinct 

physiological state of E. coli.BMC Microbiology 2006;6:53. 

14. Chiang WC, Pamp SJ, Nilsson M, et al: The metabolically 

active subpopulation inPseudomonas aeruginosa biofilms survives 

exposure to membrane-targeting antimicrobials via distinct molecular 

mechanisms. FEMS Immunol Med Microbiol 2012;65:245-256. 

15. Williamson KS, Richards LA, Perez-Osorio AC, et al: Heterogeneity 

in Pseudomonas aeruginosa biofilms includes expression of ribosome 

hibernation factors in the antibiotic-tolerant subpopulation 

and hypoxia-induced stress response in the metabolically active 

population. J Bacteriol 2012;194:2062-2073. 

16. Walters MC, Roe F, Bugnicourt A, et al: Contributions of antibiotic 

penetration, oxygen limitation, and low metabolic activity to tolerance 

of Pseudomonas aeruginosa biofilms to ciprofloxacin and tobramycin. 

Antimicrob Agents Chemother 2003;47:317-323. 

17. Pezzanite L, Hendrickson DA: Controlling wound bacteria and 

biofilm. Proc Am Assoc Equine Pract 2021; p. 58-63.

18. Loncar KD, Ferris RA, McCue PM, et al: In vitro biofilm disruption 

and bacterial killing using non-antibiotics compounds against gram-

negative equine uterine pathogens. J Equine Vet Sci 2016;53:94-99.

19. Ferris RA, McCue PM, Borlee GI, et al: In vitro efficacy of 

nonantibiotic treatments onbiofilm disruption of Gram-negative 

pathogens and an in vivo model of infectious endometritis utilizing 

isolates from the equine uterus. J Clin Micro 2016;54:631-639.

20. Hobby GL, Meyer K, Chaffee E: Observations on the mechanism 

of action of penicillin. Proc Soc Exp Biol Med 1942;50:281-285.

21. Petersen MR, Nielsen JM, Lehn-Jensen H, et al: Streptococcus equi 

subspecies zooepidemicus resides deep in the chronically infected 

endometrium of mares. Clinical Theriogenology 2009;1:161-165.

22. Petersen MR, Skive B, Christoffersen M, et al: Activation of 

persistent Streptococcus equi subspecies zooepidemicus in mares with 

subclinical endometritis. Vet Microbiol 2015;179:119-125.
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