
Cocktail  of  fully  human  recombinant monoclonal  antibodies
against  Clostridium difficile associated  disease
Natalie G. Anosova1, Leah E. Cole1, Lu Li1, Jinrong Zhang1, Anna M. Brown1, Sophia Mundle1, Jianxin Zhang1, Satyajit Ray1, Fuqin
Ma1, Pierre Garrone2, Nicola Bertraminelli2, Harry  Kleanthous1, and Stephen F. Anderson1

1Sanofi Pasteur Biologics, 38 Sidney Street, Cambridge, MA 02139 USA; 2BliNK Biomedical, Gerland Plaza Techsud, 70, rue Saint Jean de Dieu 69007 Lyon, France

Chip-based high throughput VIVA/Screen
methodology for cloning B cells from human blood
donors to generate neutralizing mAbs  

Antibody selection strategy focused on breadth and
functionality

METHODS
Efficacy of selected mAb combinations in passive protection in vivo against C. difficile spore challenge with clinical
strain 630, toxinotype 0 

● Four selected mAb pairs were tested in hamster against challenge with clinical strain 630 of most prevalent toxinotype 0 
• Three most efficacious mAb pairs at 6 mg/kg dose are shown

● A2+B2 was the most efficacious pair in protection against mortality and morbidity

The best efficacious A2+B2 mAb pair does not protect against high toxin producing strains of C. difficile 
● A2+B2 does not protect against in

vivo challenge with the clinical
isolate NAP1/027, 13695#7 of
toxinotype III or hypervirulent
reference strain VPI10463 of
toxinotype 0 (data not shown).

● In vitro cultures of  both the 13695#7
and VPI10463 strains  produce
markedly higher toxin A and B levels
than the 630 strain 

Synergistic effect of 2-anti-B mAbs combinations against high toxin B challenge in Vero assay in vitro

● B2+B1 anti-toxin B mAb combination showed the best synergy and level of protection against in vitro challenge with increasing doses of
purified toxin B of ribotype 027/toxinotype III 
• Similar results were obtained for in vitro challenge with the toxin of hypervirulent strain VPI10463 of toxinotype 0 (data not shown)

● B2+B4 showed the lowest potency 
● The highest concentration of toxin abolishes activity of all mAbs

• At least 5 orders of magnitude molar excess of mAbs over toxin was used even at the highest concentration of toxin challenge

Strategy for 3-mAb combinations to be tested for efficacy against high toxin producing strains in vivo
● In vitro data suggested a synergistic impact of

combining selected anti-toxin B mAbs against
different epitopes 

● Does increasing the number of binding sites for
toxin B by bringing an additional anti-toxin B
mAb to the mAb cocktails improve the in vivo
efficacy against high toxin producing strains? 

● Three mAb combinations: A2+B2+B1,
A2+B2+B4, and A2+B2+B6 were tested in vivo
in the hamster challenge model

Adding second anti-B mAb results in
superior in vivo protection vs. challenge with high-toxin producing strains
● All 3 mAb combinations except

A2+B2+B4 (6mg/kg) protected
completely against death and
illness following challenge with
13695#7 strain of toxinotype III

● The results are in agreement
with the in vitro “stress test”
ranking identifying the B2+B4
combination as potentially the
weakest

● Same results were seen for
challenge with hypervirulent
strain VPI10463 of toxinotype
0 (data not shown)

RESULTS
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● We have identified and characterized the first fully-human efficacious anti-C. difficile toxins mAbs isolated from healthy donors: A2,
B2, B1, B6 and B4. 

● These mAbs bind to unique, broadly-neutralizing epitopes against the C. difficile toxinotypes prevalent in pandemic areas such as
the Americas, Europe and Asia. 

● The combination of mAbs A2+B2 provided full protection against challenge with clinical strain 630 of toxinotype 0. 

● Addition of a third mAb, B1 or B6, to the cocktail of mAbs A2+B2 exhibited markedly improved potency against the more virulent
strains VPI10463 and 13695#7, the latter of which also secretes binary toxin. Thus, in this study we have demonstrated a possibility
of protection with the C. difficile toxin A- and toxin B-specific antibodies against both morbidity and mortality caused by a binary
toxin producing strain. 

● We have confirmed effectiveness of antibodies binding outside of the C-terminal domain of toxin B as two out of the top three anti-
B candidates bound to epitopes within the N-terminal domain of the toxin and yet were highly efficacious. 

● These results validate the approach of targeting the two large toxins of C. difficile as a viable non-antibiotic strategy against CDI. 

CONCLUSIONS

Background
Clostridium difficile infection (CDI) is the principal cause of nosocomial diarrhea and pseudomembranous colitis associated with antibiotic therapy. Recent increases in the
number of outbreaks attributed to highly-virulent antibiotic-resistant strains underscore the importance of identifying efficacious alternatives to antibiotics to control this
infection. CDI is mediated by two large exotoxins, toxin A and toxin B. Strong humoral toxin-specific immune responses are associated with recovery and lack of disease
recurrence, whereas insufficient humoral responses are associated with recurrent CDI.  
Objective
To generate human monoclonal antibodies (mAbs) able to prevent recurrent CDI and ameliorate disease symptoms.
Methods
B cells were isolated from individuals whose sera possessed broad binding and neutralizing activity against C. difficile toxin A and toxin B. After in vitro activation, isolated B
cells were screened for toxin-binding and -neutralizing antibody production and single B cells with desirable activity were collected. Variable IgG domains from single B cells
were sequenced, cloned and used to synthesize recombinant mAbs.  All mAbs were assessed in an IMR-90 cell-based assay for inhibition of toxin cytotoxicity and the top
39 unique mAbs were selected for further evaluation. All of these mAbs were assessed using the Vero cell-based cytotoxicity and T84 cell-based TEER assays. The most
potent mAbs were tested for efficacy in C. difficile hamster challenge model. Epitope mapping was performed using peptides  (ELISA) and toxin fragments (Western blotting). 
Results
The 39 mAbs were ranked based on their ability to inhibit the actions of toxins A and B in vitro and the top candidates, namely anti-toxin A mAb A2 and anti-toxin B mAbs
B1, B2, B4 and B6, were selected for further characterization in the in vivo hamster challenge model. Additional in vitro characterization studies demonstrated that these mAbs
also bound unique epitopes and exhibited neutralizing activity against a wide breadth of clinically important toxinotypes 0, III, V, VIII and X.  Four mAb pairs were created by
combining the anti-toxin A mAb A2 with one of the four anti-toxin B mAbs B1, B2, B4 or B6.   While these  2-mAb combinations protected against challenge with toxinotype
0 clinical isolate 630, they did not protect against hypervirulent C. difficile strains VPI10463 (toxinotype 0) and 13695#7 (toxinotype III). Based on in vitro data showing the
synergistic impact of combining various anti-B mAbs together, we also assessed 3 mAb combinations with 1 anti-A mAb and 2 anti-B mAbs in vivo.  The 3-mAb combinations
protected against challenge with either one of the hypervirulent strains. The A2+B2+B1 and A2+B2+B6 combinations were more efficacious than A2+B2+B4.   
Conclusions
We have identified and characterized the first anti-C. difficile toxins mAbs isolated from human donors.  These mAbs bind to unique, broadly-neutralizing epitopes. We found
that expansion of the toxin B epitope coverage by addition of a second anti-toxin B mAb with non-overlapping specificity resulted in an improvement in potency as measured
in the in vitro and in vivo models. Three-mAb combination with one anti-A candidate and two anti-B mAbs exhibited great potency against even highly virulent strains VPI10463
and 13695#7, the latter of which also secretes binary toxin. We have confirmed effectiveness of antibodies binding outside of the C-terminal domain of toxin B as two out of
the top three anti-B candidates bound to epitopes within the N-terminal domain of the toxin and yet were highly efficacious.   

ABSTRACT

● C. difficile infection (CDI) is spread by spores and identified as the leading cause of infectious
nosocomial diarrhea and pseudomembranous colitis associated with antibiotic therapy but also is
increasingly reported in the community1

● Emergence and spread of a hyper-virulent strain BI/NAP1/027 (associated with increased morbidity
and mortality) since 2003 in North America and Europe, is now becoming endemic2,3

● Approved treatment options mostly rely on antibiotics; a non-antibiotic alternative is desirable
● Primary virulence factors for CDI are exotoxins A and B4,5

● Serum anti-A and anti-B IgG have been associated with protection6,7,8

● Evidence for the importance of antibodies against toxin A and toxin B in protection from CDI is provided by clinical and preclinical studies
of toxin-based vaccines and clinical studies of natural antibody responses6,7,9, 10,11,12 

● Sanofi pasteur is developing a C. difficile toxoid vaccine for the prevention of primary CDI for the adults at risk of CDI (currently
undergoing Phase III clinical efficacy trials)13,14

● While the vaccine approach holds great potential for CDI prevention, the time required to mount an active immune response limits its
utility for individuals with recurrent CDI and for those in need of immediate hospitalization. In contrast, a mAb therapy offers a control
over timing and dose. 

● Herein we describe the characterization of a novel, efficacious, fully-human mAb cocktail against C. difficile toxin A and toxin B 

INTRODUCTION
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Identification of specific  B cells

Majority of human adult population has detectable levels of
anti-toxin Abs from natural exposure to C. difficile

3000 healthy & 23 CDAD donors screened

*CDAD - C. difficile associated diarrhea

Chip-based B cell cloning method

Single cell 

ELISA+

Micro-sequencing Recombinant 

cell line 

Neutralizing

mAb

Vero: Toxin  Cytotoxicity Neutralization Assay

T84 TEER: Enterotoxicity Neutralization Assay

A2+B2+B1 (50mg/kg)  

A2+B2+B1 (6mg/kg)   

A2+B2+B4 (50)     

A2+B2+B4 (6)     

A2+B2+B6 (50)     

A2+B2+B6 (6)

A2+B2 (50)

A2+B2 (6)

PBS 

Illness

Days post challenge

3

2

1

0

G
ro

up
 M

ea
n 

Ill
ne

ss
 S

co
re

s

0 2 4 6 8 10

Survival against strain 13695#7

Days post challenge

100

80

60

40

20

0

%
 s

ur
vi

va
l

0 2 4 6 8 10

A2+B2

Survival

Days post challenge

100

80

60

40

20

0

%
 s

ur
vi

va
l

0 2 4 6 8 10 12 14

A2+B2
A2+B1
A2+B4

PBS

Diarrhea

Days post challenge

3

2

1

0

G
ro

up
 M

ea
n 

Sc
or

e

0 2 4 6 8 10 12 14

x
A2+B2

A2+B1

A2+B4

PBS

DeathX 

Selection of candidates for in vitro evaluation

Down-selection of individual toxin A and toxin B mAbs
against toxins of toxinotype 0 using in vitro functional
assays 

● The A2 candidate showed far superior potency and completeness of
protection in both cell-based assays in comparison with the other
anti-toxin A mAbs, and was the only mAb selected out of all anti-toxin
A mAb candidates for further evaluation.

● There was no single anti-toxin B antibody that was superior in both
in vitro assays therefore we selected a variety of anti-toxin B mAbs,
B1, B2, B4 and B6, that performed well in at least one cell-based
assay for further evaluation. Individual B4 and B6 displayed no
detectable activity in the Vero cell assay, but strong activity when
combined. Moreover, they were among the most potent individual
anti-toxin B mAbs in TEER. 

Epitope mapping, binding affinity and breadth of
selected functional mAb candidates

Selection of candidates for in vivo evaluation

mAb NT50 (pM) Maximum % completeness
Vero TEER Vero TEER

A1 64 <1,300 90 80
A2 33 700 96 75
A3 1,130 1,300 90 80
A4 2,700 4,700 90 65
A5 2,000 7,300 75 60
B1 33 270 90 100
B2 33 70 70 100
B3 100 600 100 100
B4 ND 130 0 100
B5 270 190 95 65
B6 ND 100 0 95
B4+B6 70 NT 100 NT

Intra-assay precision for both methods was +20%; Average of n >3 is shown.
ND – Tested, Not Detected; NT-Not Tested.

Activity in Vero and TEER assays

Selected mAb candidates bind to unique non-overlapping epitopes

A2 recognized 6 linear epitopes from C-terminal repeats of TcdA and B1 recognized
linear epitope from N-terminal domain of TcdB (as identified by PepSet ELISA)

Binding epitopes of B1, B2, B4
and B6 anti-toxin B mAbs

(A) immunoblotting of cloned fragments using
candidate mAbs;  (B) dot blotting of cloned CTD’s

of various toxinotypes with mAb B6

Binding affinity of selected toxin-

specific mAbs  as measured by

biolayer interfereometry (Octet)

mAbK D (M)K on (1/Ms)K on errorK off (1/s)K off error

A2<1 x 10 -11 3.56 x 105 2.16 x 103 <1 x 10-6 3.16 x 10-6

B14.77 x 10 -11 5.85 x 105 4.34 x 103 2.79 x 10-5 3.73 x 10-6

B27.97 x 10 -11 4.20 x 105 3.18 x 103 3.35 x 10-5 3.92 x 10-6

B41.21 x 10 -10 5.31 x 105 4.46 x 103 6.44 x 10-5 4.26 x 10-6

B6<1 x 10 -11 7.30 x 105 4.61 x 103 <1 x 10-6 3.13 x 10-6




