
Author copy. The definitive article may be found at Am J Infect Control American Journal of Infection 
Control 46 (2018) 1154-9). https://doi.org/10.1016/j.ajic.2018.04.206. 

A microbiological study to investigate the carriage and transmission-potential 
of Clostridium difficile spores on single-use and reusable sharps containers  

 

Terry Grimmond FASM, BAgrSc, GrDpAdEd&Tra, terry@terrygrimmond.com Corresponding author 
Anu Neelakanta MD MPHb,  
Barbara Miller MSN, BSN, CPSO, CHSPc,  
Asif Saiyed MT (AMT), BS, BA, MBA, CICd,  
Pam Gill MHA(c), BSN, BBA, RN, CIC, CRNIe,  
Jennifer Cadnum BSf,  
Russell Olmsted MPH, CIC, FAPICg,  
Curtis Donskey MDh,  
Kimberly Pate MSN, RN, ACCNS-AG, PCCN I,  
Katherine Miller BSj.  
a Director, Grimmond & Associates, Microbiology Consultants, Hamilton, New Zealand.  
b Department of Infectious Diseases, Carolinas Medical Center, Charlotte, NC 
c Environmental Health and Safety Dept., Carolinas Health System, Charlotte, NC  
d Infection Control, Sinai Health System, Chicago, IL  
e Infection Prevention, Iredell Health System, Statesville, NC  
f Research Services, Louis Stokes Cleveland Veterans Affairs Medical Center, Cleveland, OH 
g Infection Prevention & Control, Trinity Health Unified Clinical Organization, Livonia, MI 
h Infection Control Department, Louis Stokes Cleveland Veterans Affairs Medical Center, Cleveland, OH; and Research Services, Louis 
Stokes Cleveland Veterans Affairs Medical Center, Cleveland, OH 
i Surgical-Trauma Division, Carolinas Medical Center, Charlotte, NC 
j Levine Cancer Institute, Carolinas HealthCare System, Charlotte, NC.  

 
Funding/Support: Investigation was supported by Daniels Health and included costs associated with 
conducting the study and use of processing facilities to randomly sample reusable sharps containers and 
conduct challenge tests. Disclaimer: Daniels Health was not involved nor reviewed details of study design, 
collation, results, analysis, or study manuscript. 

 
ABSTRACT 
Background. A 2015 study matching use of disposable and reusable sharps containers (DSC; RSC) with C. 
difficile infection (CDI) incidence found a decreased incidence with DSC. We conducted microbiological 
samplings and examined the literature and disease-transmission principles to evaluate the scientific 
feasibility of such an association. 
Methods. (i) 197 RSC were sampled for C. difficile at processing facilities; (ii) RSC were challenged with 
high C. difficile densities to evaluate efficacy of automated decontamination; (iii) 50 RSC and 50 DSC were 
sampled in CDI patient rooms in 7 hospitals. Results were coupled with epidemiological studies, clinical 
requirements and Chain-of-Infection principles, and Tests-of-Evidence of disease transmission applied. 
Results. C. difficile spores were found on 9 of 197 (4.6%) RSC prior to processing. Processing completely 
removed C. difficile. In CDI patient rooms, 4 of 50 RSC (8.0%) and 8 of 50 DSC (16.0%) had sub-infective 
counts of C. difficile (p=0.27). DSC were in permanent wall cabinets; RSC were removed and 
decontaminated frequently. 
Conclusion. With C. difficile bioburden being sub-infective on both DSC and RSC, sharps containers being 
no-touch, and glove-removal required after sharps disposal, we found two links in the Chain of infection 
to be broken and 5 of 7 Tests of Evidence to be unmet. We conclude sharps containers pose no risk of C. 
difficile transmission.   
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BACKGROUND 
In 2011, Clostridium difficile (CDI) was 
responsible for 453,000 health care–associated 
infections (HAI) and 29,000 deaths in U.S. 
hospitals.1 Despite an 8% decrease in incidence 
by 2014,2 it is the most commonly reported 
pathogen causing HAI.3 
C. difficile is spread by the fecal-oral route and 
any surface, device, or material contaminated 
with feces containing C. difficile vegetative cells 
or endospores may serve as a reservoir for this 
pathogen.4 Hospitalised, non-colonized patients 
may acquire C. difficile directly from other 
patients with CDI or indirectly from the 
environmental or from contaminated hands of 
healthcare personnel.5 Surfaces in the patient 
room environment serve as a reservoir for 2-
10% of CDI cases,6-9  and frequently touched 
surfaces close to the patient’s bed are more 
likely the source of C. difficile contamination.10-13  
Sharps containers are an “environmental surface” 
and may be a disposable (single-use) sharps 
container (DSC) or a reusable sharps container (RSC) 
and in the U.S. have close to an equal market share. 
In patient rooms they are commonly wall-mounted 
1.5-3m from the patient’s bed. Although attention 
has been drawn to the microbial bioburden of 
poorly-cleaned reusable regulated medical waste 
bins14 and reusable sharps containers,15 neither DSC 
or RSC have been scientifically shown to be a 
fomite. With specific reference to CDI, neither DSC 
nor RSC have been mentioned as a “touched-item” 
in C. difficile environmental surveys,10-13,16 nor as a 
potential fomite in C. difficile evidence-based 
prevention guidelines.6,17,18 
However, in 2015, Pogorzelska-Maziarz obtained 
hospital-wide CDI rates via Medicare Provider 
Analysis and Review data, ascertained and 
linked RSC or DSC usage via a telephone 
questionnaire of participating hospitals, and 
found a significantly lower rate of CDI in 
hospitals using DSC over those using RSC 
(Incidence Risk Ratio = 0.846, p = 0.001).19 Dikon 
questioned the scientific credibility of the 
survey,20 and Pogorzelska-Maziarz in reply 
confirmed the soundness of the methodology21 
but did not propose a scientific explanation as to 
how sharps containers might act as a fomite,  
and recommended  further studies involving 
direct culturing of sharps containers.   
We elected to conduct such a study - our 
hypothesis being that the statistical association 
found by Pogorzelska-Maziarz study is an 
artifact and that sharps containers (irrespective 

of type) may have a low spore burden but have 
no fomite potential. We adopted a multi-faceted 
epidemiological, microbiological, Chain of 
Infection and Test of Evidence approach to 
determine if a relationship between CDI and 
sharps containers was scientifically feasible.  
  
METHODS 
The microbiological aspect consisted of three stages 
and was approved by institutional review boards at 
participating hospitals. An RSC company (Daniels 
Health, Chicago IL) was approached and permission 
obtained to sample recently-received full RSC before 
processing at their factories (Stage 1) and to conduct 
the challenge experiments (Stage 2). Six multi-
hospital systems using RSC and/or DSC were 
contacted by the authors and invited to participate 
in Stage 3. An equal total number of beds was 
sought for RSC and DSC hospitals.  
 
Stage 1 – Do RSC carry C. difficile upon arrival at 
processing facilities? 
One hundred and ninety-seven, full, used, 22-liter 
RSC (Sharpsmarts, Daniels Health, Chicago IL) 
received at four geographically unique processing 
facilities (Sturtevant WI, Walton KY, Westland MI 
and Fresno CA) were randomly chosen on arrival 
from client hospitals. Prior to processing, the RSC 
were swabbed for presence of C. difficile by the 
same microbiologist at each processing facility. BD 
BBL Culture Swab Collection and Transport System 
(BD, Franklin Lakes, NJ) were used and each sterile 
package contained two swabs co-joined by a cap, 
and a sealed tube with transport medium in its base. 
Using a thumb-forefinger rolling action, a dual swab-
set moistened in sterile water was briskly rubbed in 
two opposing directions over the entire front 
surface and lid (approximately 700 cm2 in total), 
inserted into labelled transport medium and 
couriered to a C. difficile reference laboratory at VA 
Medical Center, Cleveland OH. At the lab, each swab 
was cultured for broth enrichment into a tube of C. 
difficile Brucella Broth with thioglycolic acid and L-
cystine (CDBB-TC) (qualitative growth) and 
incubated aerobically at 370C for 72 hours22 (CDBB-
TC was chosen due to its superior sensitivity and 
specificity over standard C. difficile growth media22). 
C. difficile was confirmed by morphology and 
Microgen latex agglutination (Microgen 
Bioproducts, Surrey, UK). Culture results for this 
stage were recorded as Pos/Neg. Quantitation of C. 
difficile spores (via direct plate culture) was not 
conducted in Stage 1. Isolates were tested for toxin 
production by sub-culturing the isolate into 1 mL of 



Brucella broth, incubating anaerobically for 3 days 
(to accumulate toxin) then conducting a toxin assay 
on the broth using a commercial kit (Alere Inc., 
Waltham, MA). The sterile water used at each 
factory and an unopened swab were submitted for 
culture as negative controls. The results of Stage 1 
were used to calculate sample sizes for Stage 3.23 
   
Stage 2 – Does the decontamination process 
remove C. difficile spores from RSC? 
The proprietary decontamination process of the RSC 
in this study comprised 6 wash stages: two cold 
water flushes, two hot water washes at 550C (the 
first with detergent), a scald rinse with water at 
850C, an air-knife drying stage, and a final stage 
where a fine film of a proprietary formulation was 
applied to all internal surfaces to decrease 
adherence of organic matter and soil during the 
next client’s use. The process has been repeatedly 
validated by independent laboratories to achieve a 
6-log reduction of vegetative pathogens and a 4 log 
reduction of spores. Our experience in patient room 
surface-sampling indicated that the density and 
frequency of C. difficile spores on RSC would be low 
given they are no-touch20 and are distant from the 
patient.24,25 A statistical power calculation indicated, 
that with low density and frequency, several 
hundred RSC would need be microbiologically 
sampled after processing. Instead we elected to 
increase the test-severity by challenging the 
process’s ability to remove high-density challenges 
of C. difficile spores applied to RSC. Our reference 
laboratory standardly conducts C. difficile surface-
challenges in two x triplicate tests (6 surfaces) 
however we increased this number to 10 RSC. The 
challenge suspension of nontoxigenic spores (in 
sterile water) was supplied by the C. difficile 
reference laboratory and was designed to apply C. 
difficile spores to RSC at two densities: a high-
density at approximately 1,000 to 10,000-fold higher 
than counts we standardly find on low-touch CDI 
patient room surfaces; and a medium density of 
1/100 dilution of the high-density suspension. 
Using a sterile transfer-pipette, one drop 
(approximately 0.2 ml) of high-density suspension 
was applied in a precise area to the right side of the 
counterbalanced tray on four clean RSC and a 
second drop (Positive control) placed on the left 
side. The medium-density suspension (test and 
control drops) were applied in the same manner in a 
defined area on the front of six clean RSC.  Once dry, 
a 10 x 10 cm square area encompassing the control 
drop was swabbed in two opposing directions with a 
sterile moistened dual-swab and the labeled swab 

placed in its sterile transport media tube. The 10 
RSC were subjected to the factory’s automated 
decontamination process (“Washsmart”), according 
to the factory’s standard protocol. 
Upon completion of the process, for each of the 10 
RSC, a 10 x 10 cm square area with the test-drop 
area in its centre was swabbed in the same manner 
as the control drop areas. All control and test swabs 
were couriered to the C. difficile reference lab. Each 
swab set was suspended in 200ul of sterile water 
and vigorously vortexed for 1 min. An aliquot was 
taken from the eluant and serially diluted and plated 
onto C. difficile Brucella Agar (CDBA) and incubated 
anaerobically at 370C for 72 hours and any resultant 
growth quantitated.26  
 
Stage 3 - Do DSC and RSC in CDI patient rooms 
differ in their carriage rate of C. difficile spores? 
In the rooms of all patients recently diagnosed with 
active CDI in hospitals using DSC or RSC, the containers 
had their outer surfaces swabbed in-situ for the 
presence of C. difficile spores at least 48 hrs after the 
diagnosis was made (to allow time for spore dispersal). 
Each CDI patient was involved only once. The sample 
size was determined by Stage 1 results. 
Seven hospitals in North Carolina and Illinois using RSC 
or DSC (or both) participated in this stage. BD dual 
swabs were suppled to all hospitals and study 
personnel were instructed in the swabbing technique. 
Sharps containers were swabbed in the same manner 
as in Stage 1. If DSC were housed in cabinets, then the 
cabinet front and top were swabbed covering an area 
of approximately 700 cm2. Both container types are of 
similar size and container and cabinet front vertical 
surfaces were included as they are the largest surface, 
and static charges on fomites may attract bacteria at a 
rate greater than gravitational sedimentation.27 All 
swabs were refrigerated and couriered to the C. difficile 
reference lab where one swab was direct-cultured onto 
a CDBA plate and incubated anaerobically at 370C for 
72 hours and colony forming units (cfu) counted, and 
the second swab cultured in CDBB-TC as in Stage 1. 
Details regarding sharps container cleaning protocols 
were sought from each facility. 
 
Results were analyzed using WinPepi v11.26 
(Abramson J, School of Public Health and 
Community Medicine, Hebrew University, 
Jerusalem, Israel). A Yates-corrected χ2 test was 
used for the analysis of proportions. If the cell value 
was <5 in the 2 × 2 table, Fisher’s exact test was 
used. All P values were 2-sided. Statistical 
significance was set at p ≤ 0.05. 
 



RESULTS 
In Stage 1, 9 of 197 (4.6%) RSC were positive by 
enrichment broth culture only. All controls were 
negative. Eight of the 9 isolates were toxigenic 
strains. Using the RSC positivity rate of 4.6% and a 
DSC rate 15% lower to reflect the IRR of 
Pogorzelska-Maziarz study, and to eliminate a type 1 
error in Stage 3 (using 80% power and significance 
of 0.05), the sample size was determined to be 
13,036 for both containers.   
In Stage 2 the control swabs of the high-density and 
medium-density challenge-drops yielded an average 
of 4.44 Logs and 1.51 Logs of C. difficile spores 
respectively, equating to approximately 25,000 and 
30 spores respectively.  Following routine 
decontamination processing, all test-drop areas 
yielded zero spores (Table 1). 
In Stage 3, 7 hospitals in 2 states participated. The 
sample size of 13,036 (determined in Stage 1) was 
deemed impractical as, in the 7 participating 
hospitals, it would require many decades to 
complete. In lieu, a pilot sampling of 50 RSC (from 2 
hospitals, total 909 beds) and 50 DSC (from 5 
hospitals, total 885 beds) was conducted over a 9-

month period to obtain an estimate of the positivity 
rate in patient rooms for both containers. Samplings 
from CDI patients in varied clinical units (med-surg, 
ICU, rehab) were taken from 3-23 days after the CDI 
diagnosis was made (median 4.0 days). The length 
of time the container had been in the room prior to 
the CDI patient was not recorded. The samplings 
revealed a C. difficile carriage rate of 8.0% with RSC 
(all enrichment broth) and 16% with DSC (1 also 
positive on CDBA - 7 cfu) (Table 2). Although the 
frequency of carriage of C. difficile on RSC in CDI 
patient rooms was not significantly different from 
random RSC sampling in Stage 1 (4/50 vs 9/197; p = 
0.33), this may be due to sample sizes however 
there was an 83% statistical chance that those from 
CDI patient rooms were higher.  
All hospitals disinfected the external surfaces of 
wall-mounted RSC and DSC cabinets with either 
chlorine-based or hydrogen peroxide-peracetic acid 
disinfectants. Six hospitals did this daily and at 
patient discharge, and one hospital at patient 
discharge only. 
  

 
Table 1. Stage 2 – efficacy of RSC decontamination process: average spore density (n10) 

High-density Cd challenge  
(Log 10) 

Medium-density Cd challenge  
(Log 10) 

Control area 
pre-wash 

Test area 
post-wash 

Control area 
pre-wash 

Test area 
post-wash 

4.44 0* 1.51 0* 
*No spores were detected after the decontamination process.  
RSC reusable sharps containers; Cd C. difficile 

 
 

Table 2. Stage 3 – sampling of RSC and DSC in rooms of CDI patients#  

 Number 
containers 
sampled 

Number containers 
+ve for Cd in 

enrichment broth (%) 

Number containers 
+ve for Cd on CDBA 

plates 

Estimated 
highest spore 

count/cm2 

RSC 50 4 (8.0%)* 0 0.007 
DSC 50 8 (16.0%)* 1 0.07 

# Sampling area = 700 cm2 on RSC and DSC; *No significant difference (p = 0.22) 
RSC reusable sharps containers; DSC disposable sharps containers; Cd C. difficile 

 
DISCUSSION 
Two articles prior to Pogorzelska-Maziarz have 
examined the microbiology of reusable bins.14,15 

Neely et al., disturbed that reusable medical waste 
bins (not sharps containers) were arriving visibly 
unclean, microbiologically examined reusable and 
disposable medical waste bins.14 Both bin types had 
potential pathogens present with reusable having a 
higher rate than disposable (94% vs 10%). The 
authors instituted hospital-wide changes in room-

cleaning, glove-use, handwashing, and reusable bin-
cleaning and lid-handling, and found a 45% 
decrease in nosocomial infection rates over the 5-
year study (p = 0.05).  However, in acknowledging 
the wide range of changes implemented, the 
authors stated, “…there is no direct proof that 
microorganisms from the infectious waste boxes 
caused nosocomial infections in patients”.14  
The second article,15 conducted at a 130-bed 
community hospital, examined RSC that were 



grossly unclean on arrival. The author found several 
organism types including gram-negative organisms 
and genomic remnants of bloodborne viruses in 3-
13% of containers. The author stated RSC may be an 
infection risk to staff and patients and suggested 
further studies. Both studies offer a reminder that 
due diligence is essential in selecting a waste 
contractor with high standards of service and 
cleanliness, however neither study scientifically 
linked reusable bins with disease transmission. 
The goal of our investigation was to scientifically 
investigate the potential for sharps containers to 
transmit an infective dose of C. difficile to patients.  

The patient environment and C. difficile Chain of 
Infection 
Patient-room surfaces may serve as a reservoir in 
the transmission of C. difficile spores to susceptible 
patients.17,28 Determining which surfaces may be C. 
difficile reservoirs is essential in understanding 
cross-transmission5 and is consistent with well-
established principles in the Chain of Infection.29 
Specifically, each of the 6 links in the Chain 
(Pathogen; Reservoir; Mode of transmission; Portal 
of Entry; Susceptible host; Portal of exit) is essential 
for disease transmission – break one link and 
transmission stops.30 
Contaminated, nearby, high-touch surfaces are 
associated with CDI transmission to patients,10,31 
confirming that a “Pathogen”, “Portal of Entry”, 
“Susceptible Host”, and “Portal of Exit” are present. 
We therefore addressed the two remaining links 
(“Reservoir” and “Mode of Transmission”) to 
investigate the possibility of a causal association 
between sharps containers and CDI.  

Sharps containers as a reservoir of C. difficile 
spores 
For a sharps container to serve as a reservoir 
(fomite), it must be contaminated with the 
pathogen at a sufficient density to constitute an 
infective dose.32,33 Surfaces in the patient-room 
environment are a reservoir for C. difficile in 2-10% 
of CDI cases, 6-9 however not all surfaces have that 
capability. Of the 6 levels of infection risk that an 
instrument or surface may pose, low-touch 
environmental surfaces have the least risk.33 

Heavily-contaminated surfaces close to the patient 
are the common reservoirs for CDI 
transmission.10,11,13,16,34-36  

Spores may be deposited on surfaces if they 
become airborne after being disturbed on other 
surfaces,11 but airborne C. difficile spores commonly 
aggregate or attach to larger particles and fall to the 
floor relatively quickly.24 Bathrooms excepted, 

environmental surfaces that are distant from the 
patient’s bed are less frequently and less heavily 
contaminated than frequently-touched nearby 
surfaces (bed rails, bedside tables, call buttons, 
telephones, etc.) 12,24,25,37  

In C. difficile environmental-sampling studies, 
spores have been detected on a frequently-
touched, wall-mounted glove dispenser,38 but not 
on walls.28,31,37 Walls (and wall-mounted fixtures) 
are considered non-critical surfaces,33,39 as they 
“...carry few microbes and those which are there are 
not readily detached.”40 Furthermore, airborne 
dispersal to low-touch surfaces may be irrelevant in 
C. difficile transmission as these surfaces are 
infrequently touched.25  

From the above epidemiology, wall-mounted sharps 
containers, being at a distance from the patient and 
not touched during use, would have little spore 
bioburden. Our Stage 3 results confirm this. The C. 
difficile spores found on the 4 patient-room RSC 
were detected only by enrichment CDBB-TC liquid 
culture (all CDBA plates negative). Research 
published by our reference laboratory found CDBB-
TC +ve/CDBA -ve swabs have a C. difficile bioburden 
at the lower end of 1-10 spores.22 Assuming a count 
of 5 spores, and a sampled area of 700 cm2, the 
highest detectable spore bioburden on RSC was 
0.007/cm2.  Of the 8 DSC found positive using 
enrichment broth, 1 CDBA grew 7 cfu indicating a 
spore-density at the lower end of 10-100 spores 
which, assuming a count of 50, equates to 
0.07/cm2.  
Guerrero et al found the average number of 
colonies picked up by hands after touching high-
touch, contaminated surfaces nearby to patients 
was 7 colony forming units (cfu) (range 1-60).13 We 
calculated finger-tip surface area of one hand to be 
17 cm2 and if this finger-area picked up 7 spores 
then the spore density on the contaminated surface 
would be of the order of 0.4/cm2,  similar to the 0.3 
spores/cm2 found by others.10,28 Lawley et al.,41 
found that the C. difficile infective dose in a murine 
model was 5-10 C. difficile spores/cm2. Our 
swabbing technique has been shown to be an 
effective surrogate for hand pick-up of C. difficile 
spores from surfaces,42 and these patient-room 
spore densities and infective doses are some 1000-
fold higher than the density we found on RSC 
(0.007/ cm2) or DSC (0.07/ cm2).  
For RSC to be causally-related to C. difficile 
transmission (given that design, shape, usage, 
patient-distance and fill-time of DSC and RSC are 
identical) RSC would need arrive at the healthcare 
facility with more C. difficile spores on their surfaces 



than DSC. However this is not plausible as: In Stage 
2 the decontamination process rendered RSC spore-
free; clean and used RSC, if road-transported 
together, are separated; In Stage 3 patient-room 
RSC spore-density was extremely low - and no 
higher than DSC. 
Our results show there is an insufficient number of 
spores on sharps containers to constitute an 
“infective dose” and thus sharps containers neither 
meet the epidemiological nor microbiological 
criteria for “reservoir”. This breaks one link in the 
Chain and transmission cannot occur. 

Sharps containers and Mode of Transmission of C. 
difficile spores 
For sharps containers to be a mode of CDI 
transmission, spores must get from the sharps 
container to the patient. But how? Contaminated 
hands of staff (from touching heavily-contaminated 
surfaces close to the patient) are the common 
mode of transmission of C. difficile to 
patients.10,17,18,28,31,43 However, sharps containers 
are designed for hands-free deposition of used 
sharps, i.e. the sharp is dropped into the aperture 
with one hand and neither the depositing hand nor 
the other hand touch the container.20 Moreover, 
healthcare personnel must wear gloves while 
attending CDI patients,6  and removal of gloves and 
hand hygiene is recommended after each patient 
interation,17 and is mandatory after a sharps 
procedure with potential blood and body fluid 
exposure.44, 45 With either of these two practices 
(hands-free deposition; removal of gloves) a “mode 
of transmission” to a patient is not possible. This 
breaks a second link in the Chain and transmission 
cannot occur.   

RSC vs DSC in relation to C. difficile transmission  
Pogorzelska-Maziarz found a statistical link between 
use of single-use sharps containers and lower C 
difficile case-rates.19 We do not dispute 
Pogorzelska-Maziarz’s finding but we find it 
problematic to support the assertion that sharps 
containers may serve as a fomite. Disposable and 
reusable sharps containers are similar in design, 
shape, function, usage, placement, cleaning while in 
use, fill-time, and hospital handling. They differ only 
in that wall-mounted DSCs commonly have an 
external cabinet which remains permanently on the 
wall, while the RSC in this study were not housed in 
cabinets and were regularly removed for 
decontamination (with other RSC brands, they too 
are removed regularly but are commonly housed in 
cabinets identical to DSC). Our finding of a higher, 
but statistically non-significant, carriage rate of C. 

difficile spores on DSC cabinets (16.0% vs 8.0% in 
RSC; p = 0.22) is likely due to the pilot-sample size 
being lower than that indicated in stage 1, however 
it was deemed adequate for this study as: (i) the 
statistical analysis revealed a 90% chance that the 
higher carriage incidence of C. difficile on DSC was 
true; (ii) a second power calculation using Stage 3 
carriage rates indicated that 552 samples of each 
container would be required to achieve statistical 
significance (a further 8 years); and (iii) we believe it 
plausible that DSC cabinets, being a permanent wall 
fixture, may be more likely to accumulate spores 
(unlike the RSC which are removed and 
decontaminated monthly on average). We were 
satisfied that DSC most likely had a higher carriage 
rate, or at least, did not have a lower carriage rate 
and Pogorzelska-Maziarz’s findings could not be 
causally-related to DSC/RSC differences. 
Notwithstanding which container type may have a 
higher C. difficile carriage rate, we believe it is not 
scientifically plausible for either to play a role in CDI 
transmission.   

Strength of Evidence of RSC association with C. 
difficile Transmission 
There are 8 criteria for evaluating the strength of 
evidence for environmental sources of infection:33 
(i) the organism can survive on the fomite; (ii) be 
cultured from the fomite; (iii) can proliferate on the 
fomite; (iv) acquisition of infection cannot be 
explained by other modes of transmission; (v) 
retrospective case-control studies show an 
association between exposure to the fomite and 
infection; (vi) prospective case-control studies may 
be possible when more than one fomite is in use; 
(vii) prospective studies in a subset of patients show 
an association between exposure and infection; 
(viii) decontamination of the fomite results in 
elimination of infection transmission.  
In CDI transmission, 1 of the 8 criteria is irrelevant 
(C. difficile spores do not need to proliferate on the 
fomite); however our results and epidemiological 
literature show that 5 of the remaining 7 criteria 
cannot be met by sharps containers.  
Endeavors to investigate reservoirs and additional 
routes of transmission of C. difficile are laudable, 
but they must have scientific feasibility. We 
estimate that since their inception in 1986, 
approximately 100 million RSC have been used 
worldwide, however, in this time, with the 
exception of the Pogorzelska-Maziarz paper19 and 
the two papers mentioned above,14, 15 in the many 
patient-room “surface-touch” studies in the world 
literature,10-12,16,28,31,37,39 none have mentioned 



sharps containers as a touched item during 
observational studies nor have sharps containers 
been mentioned as a potential fomite in U.S. C. 
difficile Guidelines.6,17,18 We acknowledge “absence 
of evidence is not evidence of absence”,46 however 
in the decades of intensive searching for CDI 
fomites, sharps containers have not been 
implicated as a fomite – we believe on sound 
epidemiological and microbiological grounds. 
Our findings are in agreement with a “probability of 
occurrence” paper that found the probability of 
disease-transmission risk with reusable waste bins 
was less than 1 in 400 million.47 
We believe the Pogorzelska-Maziarz methodology 
to be sound but a scientific explanation for the DSC 
association was not proposed. The association of 
any sharps container with CDI is at odds with Chain 
of Infection principles,29,30 CDI transmission studies, 
10-12,16,28,31,37,39 CDI guidelines, 6,17,18 the clinical 
practices taught at our facilities, and guidelines 
surrounding sharps container and glove 
usage.6,17,20,44,45 In examining epidemiological, 
microbiological, Chain of infection and Tests of 
Evidence criteria, we could find no scientific 
evidence or mechanism whereby sharps containers 
could be implicated in CDI transmission. We believe 
the statistically significant association of DSC with 
lower CDI found by Pogorzelska-Maziarz is not a 
causal relationship but is a casual correlation as may 
be found in unrelated events.48  

Limitations: The number of containers sampled in 
CDI patient rooms was sub-optimal (our statistical 
power calculation indicated impractical sample-
numbers) however, the difference found (16% vs 
8%) allowed us to state, with 90% confidence, that 
DSC cabinets had a higher C. difficile carriage rate. 
Microbiological sampling was not conducted on RSC 
on arrival at the healthcare facility as our results 
indicate RSC arrive at healthcare facilities spore-free 
(see Discussion). The enrolment of study hospitals 
was not random however we believe their clinical 
practices with regard to sharps container use and 
glove use are compliant with national guidelines 
and are unlikely to be dissimilar from other 
hospitals. The study hospitals enrolled and the 
microbiological findings in these clinical settings 
may not be representative of all U.S. hospitals nor 
of all RSC commercially available in US.  Recording 
the length of time containers had been in the room 
prior to the CDI patient was impractical and 
considered of minor importance as all DSC were 
housed in permanent cabinets and RSC were 
replaced monthly on average. The personnel 

swabbing containers in patient-rooms were not 
blinded as to the purpose of the swabbing, however 
all were either Infection Control and Prevention 
practitioners or Infectious Disease physicians 
trained in the technique. Finally, this investigation 
did not include real-time observation of processes 
of care for CDI patients to document staff 
movement after disposal of sharps.  

Strengths: Collaborative authors’ knowledge and 
clinical experience; Multi-facet study encompassing 
(i) extensive review of epidemiological literature, (ii) 
microbiological sampling of full RSC, (iii) 
microbiological confirmation that RSC 
decontamination process removed very high C. 
difficile challenges, (iv) comparative microbiological 
sampling of RSC and DSC in CDI patient rooms. 
Additional strengths were the random, large, 
geographically widespread RSC sampling in Stage 1; 
large area of sampling on containers; having access 
to a C. difficile reference laboratory; two links being 
broken in the Chain of Infection; and the non-
fulfilment of 5 of 7 tests-of-evidence for sharps 
containers having a role in CDI transmission. 

Conclusions 
We conclude that: DSC and RSC have a low density 
and low frequency of C. difficile carriage; carriage is 
not higher in RSC; C. difficile bioburden on sharps 
containers in CDI patient rooms is below that 
required for an infective C. difficile dose; C. difficile 
spores on RSC are completely removed in the RSC 
factory decontamination process; and that neither 
DSC nor RSC play a role in C. difficile transmission to 
patients or staff.  In applying the above 
epidemiological and microbiological results, the 
Chain of Transmission, and Strength of Evidence 
criteria, we conclude that, although a statistical 
association was found by Pogorzelska-Maziarz, the 
assertion that sharps containers may be a fomite for 
C. difficile transmission is not scientifically feasible.
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