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 700 

 701 

Figure 3.  MENSA and Serum responses to 10 C. difficile antigens are found at greater frequencies 702 

and magnitudes in infected patients compared to control subjects.  A) Levels of MENSA antibodies 703 

against each of the 10 CD antigens from healthy donors (H; n=44), medical workers (M; n=27), and 704 

symptomatic PCR negative patients (S; n=24) compared to CDI patients (CDI; n=167).  MFI-B(x1000) 705 

value represents the sum of IgA, IgG, and IgM detection.  The red dashed line represents the C0 value for 706 

each antigen.   707 
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 709 

Figure 4.  Control subjects negative for C. difficile responses are used to construct C0 diagnostic 710 

thresholds for each antigen.  A heat map showing the MENSA (top panel) and serum (bottom panel) 711 

responses of all healthy donors, medical workers, and symptomatic PCR negative patients to the 10 CD 712 

antigens.  Each subject is represented as a single column and each antigen as a single row.  The subjects 713 

without an asterisk at the bottom (38/44 H and 26/27 M) were used to construct the cutoff values (C0): 714 

average plus five or four standard deviations in MENSA and serum, respectively.  C0 values for each 715 

antigen are presented in the green column at the right side of the figure. The subjects with an asterisk were 716 

eliminated from the C0 calculation for having values greater than 10X the median of all healthy and 717 

medical subjects.  Light grey rectangles represent MFI-B values less than C0 for each antigen.  718 
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 720 

Figure 5.  CDI patients can be categorized as positive in MENSA, serum, both, or neither. A heat 721 

map showing MENSA and serum responses from 167 CDI patients at a single time point, using the same 722 

C0 values and color conventions as in Fig. 4. CDI patients are categorized as MENSA Only Positive 723 

(n=32), MENSA and Serum Positive (n=52), Serum Only Positive (n=27), or Negative in both sample 724 

types (n=56).  To facilitate comparison, data for a subject in the MENSA (upper) figure is placed directly 725 

above the serum data for the same patient in the serum (lower) figure.   726 
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 728 

Figure 6. Testing individual antigens in MENSA or serum identifies smaller subsets of CDI patients 729 

than testing all antigens together.  MENSA and serum samples from infected patients were tested 730 

against ten C. difficile antigens.  Pink bars represent the percentage of CDI patients who were positive for 731 

each antigen their MENSA. Yellow bars represent the percentage of CDI patients who were positive for 732 

each antigen their serum. Black bars represent the percentage of CDI patients who were positive for each 733 

antigen in their MENSA and/or serum. 734 
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 736 

TABLES 737 

Table 1. Molecular Weight, Functions, and Immunogenicity of Ten C. difficile Antigens. 

Antigen 
MW (kDa) 

Function Immunogenicity 
Original Recombinant 

TcdA-
CROP 99 102 

Subunits of Toxin A (TcdA) and Toxin B (TcdB) are 
most extensively studied and accepted as major 
virulence factors in C. difficile literature.  Cause 
extensive damage to large intestine by disrupting actin 
cytoskeleton and impairing tight junctions in intestinal 
epithelial cells via proinflammatory and cytotoxic 
activity (59). Combined repetitive oligopeptides 
(CROP) of each toxin are binding domains that reside 
on the C-termini of TcdA and TcdB (60). TcdBvir-
CROP is the TcdB-CROP region of virulent strain (53, 
61)  

TcdA-CROPMice immunized with high 
amounts of TcdA-CROP monoclonal 
antibodies protected against challenge with 
toxigenic strains of C. difficile (62). 

TcdB-
CROP 61 64 

TcdBvir-
CROP 61 64 

TcdA             
GTD 63 66 

N-terminal glucosyltransferase (GTD), binds to and 
inactivates epithelial intracellular Rho GTPases by 
glucosylation, disrupts cytoskeleton, causes necrosis 
of the colonic monolayer (52)  

TcdB-GTD effective in protecting both cells in 
invitro cytotoxicity assay and mice upon lethal 
C. difficile toxin challenge, when combined 
with anti-TcdA-CROP (63). Coadministration 
of TcdA-CROP & TdB GTD protected animals 
from C. difficile challenge by inducing 
systemic neutralizing IgG (64). 

TcdB             
GTD 63 66 

CDTa 53 49 
Subunits of Binary Toxin AKA C. difficile transferase 
(CDT): Third toxin produced by hypervirulent strains 
associated with increased severity of CDI; induces 
depolymerization of actin cytoskeleton, produces 
microtubule-based membrane protrusions forming 
network on epithelial cells, increasing bacterial 
adherence (65, 66). CDTa is the enzymatic ADP-
ribosyltransferase, modifies actin. CDTb binds host 
cells and translocates CDTa into the cytosol. 

Mice challenged with native TcdA, TcdB, and 
binary toxin, immunization with inactive 
versions all three toxins required for protection. 
CDTa only partially protected against binary 
toxin, whereas CDTb alone or with CDTa 
afforded full protection (67). Protection against 
CDTa and CDTb required for challenge against 
BI17/NAP1/BI/027. 

CDTb 99 121 

GDH 46 47 

Glutamate Dehydrogenase (GDH): NAD-specific 
enzyme converts L-glutamate into α-ketoglutarate; 
highly conserved among C. difficile ribotypes; often 
initial test for C. difficile in stool (31, 32); highly 
sensitive but not specific for toxin-producing C. 
difficile isolates; part of a two or three step diagnostic 
algorithm (68). 

No direct evidence for immunogenicity yet. To 
be determined by us. 

Cwp84 87 85 

Secreted cysteine protease; cleaves C. difficile 
paracrystalline surface layer proteins (SLP); cleaves 
host structural proteins fibronectin, vitronectin and 
laminin (26-28, 69). 

Immunized hamsters 26% weaker & slower 
colonization and 33% greater survival (28).  
FliC, FliD, Cwp84 & Cwp66 antibodies found 
in C. difficile patient sera (70). 

FliC 31 34 

Flagella, composed of flagellin (FliC) and a flagellar 
cap protein (FliD), enables chemotaxis & adherence to 
epithelial cell surface (motility& colonization); 
involved in biofilm formation and toxin production; 
highly conserved across C. difficile strains (20, 55, 56, 
71-76)  

Immunization of FLiC or anti-FliC polyclonal 
serum protective in mice (30). FliC, FliD, 
Cwp84 & Cwp66 antibodies found in C. 
difficile patient sera (70) 
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Table 2. Demographics of Control and C. difficile-infected Subjects 

  
Age   Race**   Sex 

< 50 ≥ 50   Black White   Female Male 

All Controls                                                 n  (%)        n  (%)               n   (%)       n   (%)               n  (%)       n  (%) 

  

Healthy (n=44) 37 (84) 7 (16)   24 (55) 10 (23)   30 (68) 14 (32) 

Medical (n=27) 23 (85) 4 (15)   20 (74) 6 (22)   22 (81) 5 (19) 

Symptomatic (n=24) 12 (50) 12 (50)   12 (50) 9 (38)   9 (38) 15 (63) 

Total (n=95) 72 (76) 23 (24)   56 (59) 25 (26)   61 (64) 34 (36) 

Co Controls 

  

Healthy (n=38) 31 (82) 7 (18)   19 (50) 10 (26)   26 (68) 12 (32) 

Medical (n=26) 22 (85) 4 (15)   19 (73) 6 (23)   21 (81) 5 (19) 

Total (n=64) 53 (83) 11 (17)   38 (59) 16 (25)   47 (73) 17 (27) 

C. difficile Patients 

  

Pretrial (n=108) 40 (37) 68 (63)   68 (63) 39 (36)   64 (59) 44 (41) 

Non-recurrent (n=55) 22 (40) 33 (60)   32 (58) 21 (38)   33 (60) 22 (40) 

Recurrent (n=9) 2 (22) 7 (78)   4 (44) 5 (56)   5 (56) 4 (44) 

Trial: NR+R (n=64)  24 (38)* 40 (63)*   36 (56) 26 (41)   38 (59) 26 (41) 

  Total (n=172) 64 (37) 108 (63)   104 (60) 65 (38)   102 (59) 70 (41) 

All Controls vs All CDI patients p <0.0001   p = 0.26   p = 0.51 

Pretrial vs Trial                                p = 1.00   p = 0.51   p = 1.00 

*Percentages add to 101% due to rounding. **Race percentages ≠ 100% due to small sub-population of 740 
other races not listed.  741 
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