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Phage therapy holds great promise as a new therapeutic option in the face of increasing antimicrobial 
resistance, but sound clinical data remains a stumbling block to its application. Here, Snehit Satish Mhatre 
from Eurofins Biopharma Product Testing outlines key considerations to address when designing clinical trials. 

THE RISE IN antimicrobial 
resistance,1 lack of significant 
antimicrobial discovery in 
recent years, and increasing 

instances of multidrug-resistant (MDR) 
microorganisms2 have propelled the 
interest in bacteriophage (Phage) therapy 
as a potential new course of treatment. 
Patients with implantable devices 
are more prone to biofilm-mediated 
infections,3 while other infections such 
as skin structure infections, chronic 
lung diseases resulting from respiratory 
infections, and urinary tract infections 
(UTIs) can have reoccurrences despite 
antibiotic treatments. Over the years, 
phage therapy has consistently evolved 
and been subjected to multiple clinical 
trials.4,5 Phages selectively eliminate the 
target bacterial host population with 
no impact on human cells and a much 
smaller impact on the host commensal 
bacterial population, which otherwise 
would be affected by antibiotics. 
However, one of the most significant 

challenges concerning phage therapy 
is the regulations surrounding its 
clinical usage.

The need for validated and controlled 
clinical trials is the major hurdle in 
the clinical approval of phage therapy. 
Therefore, utmost care should be 
practiced with an experimental plane 
and design of phage clinical trials. 
The clinical trial design for phage 
therapy is similar to a standard drug 
clinical trial; however, several factors 
are unique to phages and thus require 
special consideration.6 Given the severe 
lack of knowledge and solid clinical data, 
here we make an attempt to provide 
considerations that would help develop a 
clinical framework for the testing of phage 
therapy products.

Infections
Various infections such as respiratory 
tract infections, UTIs, endovascular 
infections, gastrointestinal tract infections, 
osteoarticular infections, and biofilm-

born infections can be treated using 
phage therapy. In general, phage 
therapy is limited to treating bacterial 
infections like Klebsiella pneumoniae, 
Enterococcus faecalis and faecium, 
Acinetobacter baumannii, Escherichia 
coli, Proteus mirabilis, Burkholderia 
species, and nontuberculous 
mycobacteria.7 However, data is also 
emerging for treating infections caused 
by Aspergillus species.8,9

Antibiotics
A synergistic effect of the phage-antibiotic 
combination is recommended for 
MDR- and biofilm-associated cases 
that do not resolve with antibiotic 
treatments alone.10,11 The added benefit 
of this approach would be to reinstate 
antimicrobial susceptibility in the target 
bacterial population. One of the most 
recommended approaches is testing 
bacterial isolates before and after 
phage therapy treatment for antibiotic 
and phage susceptibility. One can also 
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perform clinical studies for antibiotics 
alone and antibiotic-phage treatment to 
understand the value of phage therapy 
over antibiotic treatment.

Patient safety
Phage therapy patients should be 
monitored weekly for renal and liver 
function and blood counts until robust 
data is established. Published data on 
phage therapy has shown no adverse 
reactions for phages administered 
orally, locally, or intravenously.12,13 
However, because there is still a dearth 
of knowledge concerning clinical trials, 
patients should be monitored closely 
during clinical trials.

Practical considerations
Two important parameters determine 
whether a patient is a potential phage 
candidate. First, knowledge of a qualified 
bacterial host for identifying phage with 
lytic capabilities against the isolate. 
Second, the clinical status of the patient 
is critical. A terminally ill patient needing 
therapy within hours or days will not be 
an ideal candidate for phage therapy. 
The ideal time from patient request to 

drug administration ranges between 
28 and 386 days.10 

Patient immunological parameters
Patient immunological response should be 
tested for phage neutralising antibodies, 
especially during prolonged phage 
administration. The complex interplay 
between the human immune system, 
phages and bacteria could affect phage 
activity.14,15 The neutrophile and innate 
immune response was shown to affect 
the phage treatment of acute pneumonia 
in mice.16 Similarly, a seven-year-old girl 
treated for P.aeruginosa septic arthritis 
and osteomyelitis showed upregulation 
of innate and adaptive immunity genes.17 
Several factors determine the level and 
class of antibodies produced against the 
phages, such as route of administration, 
phage dosage, and frequency of 
administration. However, despite 
decreased phage levels, phage 
therapy effectively reduced the target 
bacterial population.

Acceptable standard
The phages used for phage therapy 
should not encode any of the genes of 

concern, for example, antibiotic resistance 
genes or toxin genes, in their genome. 
Furthermore, the phages should also 
be incapable of undergoing lysogeny. 
Therefore, whole genome sequencing 
and annotation should be performed 
for both the phage and host bacterial 
strain used for its propagation. The host 
bacterial and phage genomes must be 
screened for antibiotic resistance genes, 
toxin genes, presence of prophage 
genomes, integrase genes, regulators 
for integrase genes, and integrase-like 
genomic elements using appropriate 
bioinformatics solutions.18

Phage quantification in 
clinical specimens
Phages should be quantified in the clinical 
specimen obtained from the infection site 
using accurate and reproducible methods. 
The rationale behind obtaining such data 
is to determine the optimal dose, dosage 
frequency, dose route administration 
and duration of treatment.19 A mix 
of microbiological, microscopic and 
molecular biology methods can be used 
to assess the number of phages in your 
clinical specimen. 

The crucial role of next-generation 
sequencing in the GMP testing of 
live biotherapeutic products and 
bacteriophage therapy
Michael Timm (MT): Are there specifi c 
guidelines regarding the use of next-
generation sequencing (NGS) in 
the pharmaceutical industry?
Snehit Satish Mahtre (SSM): � e European Medicines 
Agency (EMA) and US Food and Drug Administration 
(FDA) have given prime importance to the use of NGS 
in the biopharmaceutical and pharmaceutical industries. 
However, neither agency provides speci� c guidelines 
that de� ne the parameters regarding the quality of NGS 
platforms, the approach for whole-genome sequencing 
(WGS), metagenome and metatranscriptome sequencing, 
or the bioinformatics approach one must take for 
analysing NGS sequencing data.

MT: What about its application for 
microbiome-based products/ live 
biotherapeutic products (LBPs)?
SSM: Euro� ns BioPharma Product Testing 
(BPT) Glostrup, Denmark, is actively inculcating 
the NGS and bioinformatics protocols as per 
recommendations provided by the FDA and the 

EMA to introduce a microbiome pipeline that 
will be certi� ed and used for WGS and analysis of 
microbiome products. Euro� ns uses validated methods 
for DNA/RNA extractions, NGS library preparations, 
NGS sequencing, and bioinformatics analysis compliant 
with GMP requirements.

MT: Which kind of GMP tests are 
supported by the NGS technology?
SSM: We test products for identity, stability, potency, 
process variation, and the absence of contaminating 
microorganisms across di� erent stages of clinical trials 
by performing WGS using di� erent NGS technologies. 
We have developed a complete work� ow for microbiome 
product risk assessment recommended for 
market authorisation.

Euro� ns BPT provides GMP testing for live 
biotherapeutic, bacteriophage therapy, and microbiome 
products. Furthermore, we are intensely focused on 
building our bioinformatics services that will serve as 
the minimum standard requirement for microbiome 
and related product testing in compliance with GMP.

For further information, visit:

www.eurofi ns.com

Michael Timm
Director of Sales and 
Business Development, 
Eurofi ns BPT

Snehit Satish Mhatre
Senior Scientifi c Director 
Microbiome, Eurofi ns BPT
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Types of phage products
Phage products are available in different 
forms, eg, phages as monophage, 
cocktails of different phage strains, 
premanufactured phages, and phage 
products built as per patient needs in 
real-time. Among the range of phage 
products, cocktails may be the preferred 
choice to either increase the chances of 
targeting specific bacterial populations 
or multiple bacterial species, such as in 
biofilm-born infections.20 Phage cocktails 
also optimise bacterial lysis over time, 
reducing the risk of developing resistance. 
A potential drawback of the phage 
cocktail, however, is the formation of 
agglomerate, which can be avoided 
by administrating phages sequentially. 
Premade phage mixes are prepared in 
advance and available as over-the-counter 
medicine.21 Premade phage products can 
be for either empirical or personalised use, 
however, personalised phage products are 
developed on demand for patients with 
known isolates.20

Pharmacokinetic and 
pharmacodynamic considerations
The large size of phages, their protein 
content, and their self-replicating 
properties provide phages with unique 
pharmacokinetic properties compared to 
antibiotic molecules.22,23 These properties 

therefore limit the concentration of 
phages at the site of infection as the 
mononuclear phagocytes rapidly remove 
them and are potentially also neutralised 
by antibodies. Therefore, factors such 
as the density of host bacterial cells and 
their growth rates, the number of phages 
and their infectivity rates, the phage 
latency period and burst size determine 
the killing of the bacterial population 
at the site of infection.

Frequency of phage dose 
administration
To ascertain the ideal dosing frequency 
of phage therapy for any route of 
administration or any form of infection, 
requires more data.10,24 There are 
published cases where doses have been 
administered daily, twice daily, and 
every six to eight hours. Phage DNA was 
detected 12 hours after administration 
in the human bloodstream for 
staphylococcal infection. A handful of 
studies demonstrate phages in faeces and 
blood following oral administration.

Phage therapy has emerged as a strong 
contender to combat increasing cases 
of antimicrobial resistance. Over the last 
decade, many clinical trials have been 
carried out, with several uncontrolled 
case studies reporting successful clinical 
outcomes, but simultaneously many 

studies likely underreport clinical failures. 
Much remains unknown about the efficacy 
of phage therapy and the potential reason 
for failures, such as dosage, frequency 
of dosage, duration of therapy, routes of 
administration, interaction with antibiotics, 
and super host immune response. 
Therefore, more data is needed to draw 
further conclusions on building a solid 
regulatory case for therapeutic phage 
products. Although the field is making 
great strides towards therapeutics, 
we must refine regulatory processes 
from a novel phage-based perspective. 
The recommendations provided in this 
article are by no means comprehensive or 
final. However, we make an honest effort 
to provide critical points for clinicians to 
address while applying phage therapy 
in the future. 
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Batch to batch variations, challenging safety assessments,    
Live Biotherapeutic Products can become a difficult project 
to navigate when you don’t have the right guide. 

Whether it’s balancing CMC testing complexities, regulatory 
requirements or the latest innovative technologies, Eurofins 
BioPharma Product Testing is your testing partner toward 
successful submissions and commercial market supply. 

Our GMP certified facilities offer a single-source complete 
package of services in compliance with Pharmacopeia (EP, 
USP). 

Don’t spend time searching your way, get in touch for 
timely and insightful routes. 

www.eurofins.com/LBPtesting

microbiomeLBPtesting@eurofins.com

BioPharma
Product Testing

Find the right path 
when developing 
Live Biotherapeutic 
Products. 


