
Antimicrobial resistance (AMR), declared by the World 
Health Organization (WHO) to be “a global health emergency 
seriously jeopardizing progress in modern medicine”, is 
responsible for 700,000 deaths per year. Widespread use 
of antibiotics in agriculture and healthcare has contributed 
to this AMR crisis resulting in the rampant emergence of 
multidrug resistant pathogens, aptly described as “nightmare 
bacteria” by the Centers for Disease Control and Prevention. 
Such “superbugs” are frequently capable of transferring 
resistance genes to other species, further complicating this 
serious and escalating threat. Development of urgently 
needed new antibiotics has decreased precipitously 
since 2000, due to steep capital commitments, reduced 
economic incentives, and onerous regulatory requirements. 
Consequently, focus has shifted to preserving the efficacy 
of currently marketed antibiotics to counter resistant 
microorganisms. Not surprisingly, the single most important 
factor inducing AMR is exposure to antibiotics.

A pragmatic approach to mitigate AMR is to reduce 
microbial antibiotic exposure without compromising 
therapeutic benefit. To this end, nontherapeutic use of 
medically important antibiotics in agriculture was banned in 
the United States and European Union, and national antibiotic 
stewardship polices were adopted to guide prescribers on 
prudent antibiotic use. Despite the intent of these measures 
to reduce per capita antibiotic consumption, the Center 
for Disease Dynamics, Economics & Policy reported a 65% 
increase in worldwide antibiotic use from 2000 to 2015 and 
projected consumption to rise an additional 200% from 
2015 to 2030 [1]. Especially disturbing was the observed 
sharp upsurge in use of last-resort compounds such as 
carbapenems and polymyxins [1]. Therefore, an urgent 
need exists for the development of new tactics to maintain 
antibiotic efficacy to preclude the apocalyptic scenario 
predicted by the WHO of “a post-antibiotic era in which 
common infections and minor injuries, which have been 
treatable for decades, can once again kill”.  

TACKLING THE ANTIMICROBIAL 
RESISTANCE CRISIS

An innovative strategy in the war against AMR, 
complementary to judicious antibiotic use, is to limit 
antibiotic exposure within the gut, a site of high microbial 
density and a known reservoir of resistance genes. Many 
antibiotics, including parenterally administered agents, are 
excreted at high concentrations into the GI tract where they 
damage the gut microbiome, provide selective pressure for 
AMR evolution, and can lead to overgrowth of opportunistic 
pathogens such as Clostridium difficile. A novel therapeutic, 
SYN-004 (ribaxamase), being developed by Synthetic 
Biologics, Inc., is an orally-delivered beta-lactamase enzyme 
intended to selectively inactivate antibiotics in the GI tract to 
protect the microbiome and to reduce emergence of AMR.  

Beta-lactamases, generally considered the “enemy”, are 
natural, bacterial-derived enzymes that degrade beta-lactam 
antibiotics, confer antibiotic resistance, and dramatically 
complicate the treatment of bacterial infections. Synthetic 
Biologics, Inc. has harnessed the potent antibiotic hydrolyzing 
power of this enzyme class to develop a prophylactic 
intervention intended to inactivate selected beta-lactam 
antibiotics in the GI tract prior to reaching and harming 
the colonic microbiota. Ribaxamase was engineered from 
the Bacillus licheniformis PenP enzyme, a penicillinase, to 
broaden its antibiotic degradation spectrum to include most 
cephalosporins and is intended for use with intravenously 
administered penicillins and cephalosporins. Ribaxamase is 
manufactured in E. coli and is formulated for oral delivery 
into enteric-coated pellets to protect the enzyme from 
stomach acid. Upon reaching a pH of 5.5 or greater in the 
upper small intestine, the enzyme pellets dissolve and 
release ribaxamase. Animal studies evaluating ribaxamase 
verified that antibiotic inactivation in the upper GI tract 
protected the gut microbiome and reduced emergence of 
AMR without affecting systemic antibiotic levels. Further 
examination of this prevention approach in a phase 2b 
clinical study demonstrated that ribaxamase significantly 
reduced Clostridium difficile infection in high-risk patients 
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who were receiving ceftriaxone for treatment of a lower 
respiratory tract infection without compromising pulmonary 
infection control. Ribaxamase protected the patients’ gut 
microbiomes from antibiotic damage and diminished 
emergence of AMR. 

To broaden the utility of this beta-lactamase technology, 
pipeline products are being developed by Synthetic Biologics, 
Inc. to expand microbiome protection to oral antibiotics and 
carbapenems. For use with oral beta-lactams, a ribaxamase 
formulation, SYN-007, was engineered for release in the 
lower small intestine distal to the site of antibiotic absorption. 
Evaluation of SYN-007 in a canine model of oral amoxicillin-
mediated gut microbiome dysbiosis demonstrated that 
SYN-007 protected the microbiome from antibiotic damage 
and reduced AMR emergence. SYN-007 did not significantly 
affect amoxicillin blood levels indicating that the beta-
lactamase was not released prematurely and did not 
degrade the antibiotic prior to its systemic absorption. To 
expand microbiome protection to carbapenem antibiotics, 
a novel carbapenemase, SYN-006, was identified. SYN-006 is 
a metallo-beta-lactamase derived from Bacillus cereus that 
hydrolyzes all classes of beta-lactam antibiotics including 
penicillins, cephalosporins, and carbapenems. SYN-006 was 
formulated into enteric-coated pellets intended for oral 
delivery and release in the upper small intestine. Evaluation 

of SYN-006 in pigs that received an intravenous carbapenem 
antibiotic, ertapenem, demonstrated diminished antibiotic-
mediated microbiome damage and reduced AMR gene 
propagation in the presence of SYN-006. These data 
demonstrate that ribaxamase, SYN-007, and SYN-006 have 
the potential to protect the gut microbiome from antibiotic-
mediated damage and to diminish evolution, emergence, 
and spread of AMR.

Reducing microbial antibiotic exposure is a promising 
strategy to mitigate AMR that has the potential to contribute 
to solutions for the global AMR crisis. Antibiotic inactivation 
represents a new intervention paradigm to preserve the gut 
microbiome by limiting antibiotic collateral damage and is 
complementary to other AMR initiatives, such as antibiotic 
stewardship, intended to prolong the utility of life-saving 
antibiotics. Ribaxamase represents an innovative approach 
envisioned for use in conjunction with ongoing interventions 
to provide another weapon in war against AMR.
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At Synthetic Biologics, we know the
microbiome. We've studied it for years.  

 
Everything we do is designed to preserve the
microbiome and restore patient health. Our

team has decades of R&D and clinical expertise
and is comprised of industry leaders and

veterans with wide-ranging scientific roots and a
wealth of experience. We remain keenly focused

on our mission of advancing ground breaking
research in support of microbiome-focused

therapeutics. 
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