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Abstract


	Clostridium Difficile (CDI) is the leading nosocomial infection in healthcare facilities and continues to be a problem.  Yet there are varying ways in which to prevent an infection in these facilities that could in fact be improved.  This paper focuses on CDI prevention which includes environmental cleaning and hand hygiene (HH) as well as the antibiotic stewardship. This paper proposes to make suggestions to improve HH compliance by implementing more strict instructions for personnel as well as patients. Environmental cleaning could be improved if all facilities used sporicidal agents as well as more detailed cleaning on surfaces such as floors and toilets.  The final suggestion is to stop the early use of antibiotics before a diagnosis is complete and proven to prevent early onset of a CDI. The addition of guidelines for Antibiotic Stewardship to educate both the healthcare workers and the patients is a huge step to prevent future infections.  The prevention of this infection will increase patient safety and satisfaction as well as decrease hospital expenses.  The implementation of these techniques could decrease the onset of infection which would improve patient’s safety and health while they are in healthcare facilities.  This subject is of Public Health concern and importance because it is an ongoing issue in healthcare facilities and prevention could solve many issues to come.
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Clostridioides Difficile or C. Diff is a gram positive, anaerobic bacterium that produces a cytotoxin toxin A and B.⁵ The toxins of CDI bacteria are the pathogenic parts of the bacteria both of which cause specific problems.  Along with the toxins, the bacteria can form spores that help it to survive in oxygen abundant areas.
Toxin A has both cytotoxic and enterotoxin qualities and has serious effects on the cells normal actions such as cell signaling. 12  Toxin B also has cytotoxic characteristics that effect the cell structure and cell signaling like the Toxin A.12 These toxins cause several symptoms in the body that make it difficult to deal with and even trickier to treat.  Symptoms pertaining to the infection of C. Diff. include watery diarrhea which is the most common, fever, pain in the abdomen, and nausea that leads to loss of appetite. 12  Even though there are symptomatic forms of this infection, there are also asymptomatic forms that are still transmissible and are more common in hospital settings.
According to NCBI research, infections acquired in hospitals are around 59% yearly whereas those that are acquired through community interaction are 41%.14 In 2012 alone there were 29,000 deaths that were caused by a Clostridium Difficile infection and about two-thirds of the infections were in patient care facilities.14 In 2015 there were close to 500,000 acquired infections where around 15,000 of those cases were fatal.1
When CDI bacteria is spread it is through fecal matter either spread directly via contact with someone who has the infection or from contaminated environmental surfaces.2  Because the bacteria form these spores, it can survive on a surface for long periods of time.⁵  Patients who stay in healthcare facilities have a higher risk of the infection than people who are not.  There are many forms of high-risk patients which means those patients who are more in danger of getting the infection.  Extended stays in hospitals for serious treatment or long stays in a nursing home facility or any other health care setting are risk factors. ₂₃ Another risk that could lead to an infection is if the person has any type of immunocompromised conditions. ₂₃ This could be anything from cancer to an autoimmune disorder or any other disorder that would cause the immune system to become weakened.  Previous exposure to clostridium difficile through a previous infection can also cause someone to become more susceptible to having a return infection.₂₃  There are cases where healthy people will encounter the CDI bacteria and will not show any signs and will not have any symptoms of having the infection.  These patients are termed as carriers and can in fact spread the infection to others even though they are not physically sick themselves.13  
CDI is a serious infection for a couple of reasons that are very important.  Symptomatically, if this infection is left untreated, it can lead to complications such as dehydration from the rapid and frequent watery diarrhea, the colitis can rupture the colon, and most severely can cause sepsis.14  Another severe characteristic is that CDI bacteria flourishes when someone is taking antibiotics.  The antibiotics that people are taking knock out the normal flora in the gut and make the perfect environment for the bacteria to infect without being challenged.  Antibiotics such as cephalosporins, fluoroquinolone’s, penicillin’s and clindamycin’s are the most common ones to lead to the infection.20  If any of these symptoms are left untreated or are left to become more intense or severe, there is a large chance that the infection will overcome the patient leading to death.
The treatment of the infection is through antibiotic treatment or treatment of the symptoms caused by the infection.  The antibiotics that can be used to treat the infection or prevent it from growing are metronidazole, vancomycin and fidaxomicin for mild/moderate infection. 20  These antibiotics are recommended to be given by mouth. Supportive care is essential when caring for someone who is infected with techniques that help with rehydration, pain management, anti-nausea and any other patient specific treatments.5
CDI is a continued issue in many situations, especially in a Hospital setting.  The most obvious risk factor that could lead to a CDI is that the patient is on any certain type of antibiotics such as fluoroquinolones. 17 These types of antibiotics are used to treat urinary tract infections and various types of respiratory infections.  The next risk factor would be the age of the patient or person being treated.17  If a person who is the age of 65 or older is being treated or is taking antibiotics, they are more likely to have a CDI than someone that is younger than them.23
			There are many ways that this infection can be prevented.  Prevention of the infection is the first step in any process and is the aim of this paper.  The first way to prevent the spread of infection is to clean any are that meets a person that has the infection or anyone that encounters the healthcare workers that treat the infected.  The cleaning agents that should be used are those that are able to kill spores and spore forming bacteria.⁶ Another form of prevention is to have healthcare professionals where gloves, gowns and masks that can be removed and thrown into a hazardous bin.⁶  The next form of prevention would be to wash hands and or any body part that encounters the infected patient with soap and water (not hand sanitizer).⁶  Along with infection prevention, healthcare facilities must consider how antibiotics are handled otherwise known as antibiotic stewardship.

[bookmark: _Toc20594288]Infection Prevention
Each Hospital is required to follow a specific protocol to prevent the spread or production of any infection.  The CDC has guidelines on what should be done to make each patient’s stay as safe and as thorough as possible. When a patient has had more than 3 bowel movements in 24 hours or less then they are to be tested for CDI bacteria.⁹  The patient is to be put into an isolation room that is clearly marked with a sign so that others know that the patient could be infected.⁹ All personnel are to wear hospital grade gloves and a barrier gown when entering the room even in the case of a brief visit.⁶ If the patient has been confirmed to have an infection, they must be kept in isolation and protocol must be continued.⁹ Only certain antibiotics are to be used for treatment of the patients and no other ones are to be used.  After the patient is discharged or transferred out of the room the room is to be cleaned thoroughly and disinfected.⁹ Also, it is recommended that in the case of a patient being transferred that the other room or facility should be informed of their condition so that they can take the correct measures.⁹  
				After patient contact and the removal of gloves, hospital personnel are to wash their hands with soap and water instead of hand sanitizer due to the alcohol in its ingredients not being able to destroy the bacterial spores.⁵  Isolation procedures may be continued after symptoms have disappeared or up until the patient is routinely discharged for the facility.  Around 53% of infections are due to spread from symptomatic patients whereas 20% of these infections are due to asymptomatic patients which is a growing issue in these facilities.10
Infection prevention is a very important part of any healthcare facility.  There are many methods that are useful in this area, but some are more effective than others.  Figure 1 shows the chart of steps needed in hospital or healthcare facilities to prevent infection. The three methods that seem to be of most interest and importance are the products/techniques used to prevent an [image: ]infection spread, hand hygiene, as well as the antibiotic stewardship. 


[bookmark: _Toc20594016][bookmark: _Toc20594235]Figure 1 Clostridioides Difficile healthcare facility infection prevention chart
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Cleaning a patient’s room daily is a very important procedure that plays a large rule in preventing the spread of infection form patient to patient.  When focusing on particular ways to clean and disinfect a room that housed a patient with a CDI, there are many different areas to consider.  It is no mystery that cleaning is important but what could be more unknown is the cleaning products that are the most effective on the bacteria and its spores.  
In recent studies it has been found that less than 50% of surfaces in hospital or health care facilities are thoroughly cleaned which leaves spore residues behind.21 Figure 2 shows the effect of each of the different types of cleaning agents on the spores within 1/5/10/15/20-minute increments after spraying the surface without wiping it.21  The use of non-sporicidal cleaning supplies has very little effect on the spores of Clostridium Difficile.  The only way that these types of cleaning agents have any effect are when they are physically wiped which still only removes 3 log10 of the spores.21  The use of a chlorine based or sporicidal product without physically wiping the surface can remove around 3 log10 of the spores which is the same as using a non-sporicidal agent and wiping it away.21 This means that the physical wiping away of the sporicidal agent would clear a considerable amount of the spores especially if the person who is cleaning the surface is very thorough.  
[image: figure2]
[bookmark: _Toc20594017][bookmark: _Toc20594236]Figure 2 Cleaning products ability to eliminate Clostridium Difficile Spores 
Another form of environmental cleaning is the use of UV light to eradicate any left-over spores in the room after physical cleaning is finished.  The strongest form of sporicidal UV light is UV-C which has a wavelength of about 100-280 nm.3 The use of this type of UV light disrupts the replication process of the germ which stops it from being able to multiply on the surfaces and in the air.3  Since the spores of Clostridium Difficile can survive on surfaces for up to 5 months, it is very important to destroy them and stop them from being able to multiply.3
Although the use of these different cleaning products is very effective in the removal of the spores, some surfaces in healthcare facilities seem to be forgotten in the cleaning process.  The two surfaces that seem to be ignored more times than not when cleaning are the floors and a thorough scrub of the patient’s toilets.  People assume that the floors in healthcare facilities are not dangerous for spread of disease because they are not physically touched by their hands yet there is evidence that the floor is the perfect reservoir for germs to reproduce and spread. Floors are one of the surfaces in a hospital that are not ever considered clean or disinfected.  A study conducted on the floors of a hospital in Cleveland found very interesting results. ⁷ When 120 room floors were swabbed for Clostridium Difficile, 86 of these rooms were positive for containing Clostridium Difficile spores. ⁷ Most of the rooms containing clostridium difficile contamination were those that were considered non-Clostridium Difficile Infection rooms. ⁷ This means that there was possible cross contamination from people shoes from walking from room to room.  Hospital equipment such as blood pressure cuffs and call buttons often have times when they are in contact with the floor (41%) which is another chance for spread.31   Noncritical equipment, which is the equipment that makes contact with the physical skin of the patient and not necessarily a mucous membrane are often seen not to be thoroughly cleaned as well.31  Without these rooms being thoroughly cleaned the spores were able to thrive. ⁷   The other ignored surface is the toilets in the healthcare facilities.  A study performed in a hospital was performed where both the toilets of those with Clostridium Difficile and those with non-Clostridium Difficile related diarrhea were swabbed.2  They found that 10% of the spores that they recovered from the swabbing came from those toilets where patients did not have Clostridium Difficile.2  The act of just flushing a toilet that contains spores could spread the infection to others.  Therefore, cleaning is so important to do in these situations.  
[bookmark: _Toc20594290]Hand Hygiene
Another very important part of infection prevention is that everyone involved in the care or that comes in to contact with the patient must wash their hands.  An example of a hospitals hand hygiene protocol is from unpublished research data.  This studies hospital uses educational services and examples to express the rules for hand hygiene in the hospital setting.  There are points in each point of service to a patient in which the care provider is supposed to wash their hands in order to prevent infection.11  Those points are before they enter the room, when leaving the room, before contact with a patient, after contact with a patient, before a procedure, and after a procedure.11 These steps are a big way to prevent the spread of any infection, not just a CDI.  
A study on the compliance of hand hygiene protocol was conducted at a hospital in 2018 in their rehabilitation facilities.  The study was testing to see that if the automated hand hygiene compliance numbers or in person hand hygiene compliance records were more reliable.  Around 500 visuals, in person samples were taken to see if personnel were washing their hands at the correct times when treating a patient.  All personnel were monitored such as techs, nurses, physicians, etc.  Any room that a patient could be in and could be in contact with personnel was considered in this study.  All interactions with the 6 points of hand washing were recorded in the chart with dates and times. Number were used for visual that if the personnel washed their hands a “1” was marked and if they did not wash their hands a “0” was marked.  The results to this test were compared to audits taken from the hospital internally by the staff.  After the 500 samples were taken, it was found that there was only a 66% compliance rate.  Yet the internal audits showed that out of 238 examples, 93% of them were compliant.
Not only is it important for the healthcare personnel to perform proper hand hygiene but it is also extremely important that the patients perform just as thorough hygienic procedures.  Patients who are infected with Clostridium Difficile do not always have the opportunity or the correct utilities to practice proper hand hygiene when staying in health care facilities.10  In fact, a study performed at UPMC Shadyside found that only around 51% of patients are provided with proper hand hygiene techniques.10  Fixing this alone could improve the reduction of spread of the infection. 
[bookmark: _Toc20594291]Contact Precautions
The CDC has certain recommendations for contact precautions of CP that they advise healthcare professionals to apply to their care.  Contact precautions can include anything from wearing gloves to wearing a gown.33  Other types of CP could include the use of single use equipment such as blood pressure cuffs, thermometers, and oxygen meters.33  The one of most interest is that they recommend that contact precautions be discontinued after the patient has been diarrhea free for 48 hours.7  A study on CP was produced and found that CDI spores can be shed potentially weeks after the infection.7  Recommendations have changed to spreading the duration of CP past the 48 hours and to increase it to the entire hospital stay for the patient.7  Studies for this subject are still ongoing and there are not many of them to back up this assumption.  
[bookmark: _Toc20594292]Stewardship
Antibiotic use has always been a controversial topic when it comes to Clostridium Difficile prevention and treatment.  The use of antibiotics to treat other infections puts people at serious risk of contracting the infection and some antibiotics are used to treat the infection even if they are not entirely effective.  Studies are starting to show that the antibiotic metronidazole is no longer seen as a first line drug treatment for a CDI. 20  The first line treatment is now only vancomycin and fidaxomicin. 20  The only time that a patient is to be treated with metronidazole is when they are unable to be treated with the other two antibiotics for any reason thus specified. 22  This treatment is only seen to be recommended in those with non-severe infection.  This change in protocol is due to studies showing that the use of vancomycin and fidaxomicin showed a higher and faster cure of symptoms within the first month of treatment. ⁹  The removal of unnecessary medications and antibiotics could be a huge factor in preventing someone from having a repeat infection.  
Extended use of CDI treatment is used in some facilities to hopefully prevent a reoccurrence of the infection.  From January 2012 to December 2015 patients were followed in their CDI treatment journey to see if continued use of the antibiotics would prevent a reinfection.₁₇ In both the control groups (average of 14 days on treatment) and the experimental group (average of 24 days on treatment) showed the same amount or around the same amount of reoccurrence meaning that extending the duration of treatment had no effect on preventing a reoccurrence of the infection. 17
Healthcare facilities have an average of 60% of their patients being given antibiotics and around 73% of CDI occurring after antibiotic use. ⁸  Improper use of antibiotics could anything form prescribing too much antibiotics unnecessarily or prescribing antibiotics before an infection or a true reason to be treated with antibiotics.12  One study performed presented that out of 62 patients treated with antibiotics prior to CDI, 45 of those patients were inappropriately treated with antibiotics even before they were diagnosed with an infection. 12 Even after the patients were diagnosed with a CDI, 38% of them were continued on those antibiotics that caused the infection.13
APIC and SHEA which are the Association for Professionals in Infection Control and Epidemiology and the Society for Healthcare Epidemiology of America created a list of guidelines for Antibiotic Stewardship that could be useful.16  The guidelines that they created include ways to keep track of antibiotics by checking the right dose, what route they will be administering the drug, how long the patient is to be on the drug.16   Another technique that they introduced was that the prescriber of the antibiotic would have to get authorization before the drug could be administered.16  These Antimicrobial or Antibiotic Stewardship Programs are important because they implement an accountability factor for the healthcare professionals and the patients as well.  The guidelines propose educational opportunities for both the healthcare professional and the patients for antibiotic use which would describe the guidelines in detail and help them to take the antibiotics correctly and for the right amount of time. 16
Not only are antibiotics known to cause a Clostridioides Difficile infection, but now studies are showing that there are other types of medications can cause these types of infections.  Proton pump inhibitors are medications most use for treatment of gastrointestinal disorders and are known to have adverse side effects on the patient.25  Since PPI’s inhibit gastric acid secretion, long term use of this medication can lead to pneumonia, kidney disease but most importantly it can lead to a CDI.25  Analysis of patients who are put on PPI’s found that around 38.6% are at increased risk for a CDI than those that are not on PPI’s.5  Studies are still ongoing to really prove that these products cause CDI and there are very few that can prove it.25
Prevention of CDI with the use of probiotics is another study that has been performed in several instances.  Several studies were found to have patients that were given randomized doses of probiotics and these patients were compared to patients who were given placebos.12  Each of the studies produced a result that the patients who received the probiotics had a significant amount less CDI cases than those that received the placebos.12 Research on whether probiotics can prevent secondary CDI’s are not very common so there is not many instances to prove its efficacy.12  Although there is still skepticism for the efficacy of this technique, future study could help to prove probiotics ability to prevent a CD infection or not prevent one.
Vaccines have been proven to be very effective against many different illnesses.  CDI’s have never had a vaccine before and there are not many studies testing them on patients.  One study suggests that a vaccine that is for CDI would target the toxins that are released during the infection, toxin A and toxin B.15  Future studies should be conducted to test this theory and see if it would be a serious preventative method.

[bookmark: _Toc20594293]Conclusion
Although preventative measures and treatment standards have vastly improved over the many years the infection has been around, there is always room for more improvement.  This paper proposes to locate areas in protocol for prevention and find ways in order to improve.  In a study that observed several different resources such as medical databases to find any trends for clinical practice guidelines or CPG’s the results found several reoccurring factors.20  The main focuses that seem to create an effective guidance template are use of probiotics, antibiotic stewardship, bundle strategies and use of chlorinated cleaning products.20
Environmental cleaning as reported above is extremely important in the prevention in spread of CDI.  Proper use of cleaning supplies that include sporicidal ingredients is crucial to properly disinfect all areas of the healthcare facilities and should be mandatory.  Assigning cleaning procedures for all of the staff involved with the patient will ensure that all equipment will get disinfected.31  Each room is to have the cleaning process started within 15 minutes of the patient being discharged from the room.31  Floors in the patient’s room should be thoroughly disinfected and ensured that no bacteria is left behind.  Noncritical equipment in the patient’s room should be split between the personnel to clean to ensure all are cleaned efficiently.  Implementation of weekly swabs in the rooms of patients (including the floors and toilets) should be used to ensure that every surface is disinfected and in no way can spread infection.  If there are traces of the bacteria in the rooms then repeat cleaning will have to be done.  UV light disinfection technology has proved to be useful in the past and should be continued to be used.
The introduction of more hospital check-ins by experienced and certified personnel could be a very useful solution to this problem.  This paper proposes that two days out of each week at least, certified personnel should enter each section of the hospital and observe hand hygiene compliance whether it be unannounced or not.  All of the data that these personnel collect should be calculated and reported back to the head of each section of the hospital.  Guidelines that were released by the WHO recommend that healthcare workers should not have fake nails when working and natural nails should be kept short so that contaminants cannot hide underneath the nails. 26 When an infected area of the patient is touched by the healthcare worker with their gloves, a new pair of gloves should be applied if the healthcare worker plans to make contact with other areas of the patient or the environment. 26   Asymptomatic patients and healthcare workers should be tested for the infection every so often to ensure that they do not spread the infection by being carriers.32  Educational meetings on hand hygiene compliance and implementation should be offered monthly.  Hand hygiene certification and recertification should be required.  Classes on other forms of protocol such as cleaning techniques and the proper way to wear protective gear are also an idea that could be implemented.  
Another way to improve hand hygiene in the facilities is to have proper products that the patients can use to practice hand hygiene easily accessible to them in all points of their stay.  This includes having easily accessible sinks or portable hand washing stations, hand wipes for mealtimes and visible signs instructing the patient on proper hand hygiene as written in the IDSA-SHEA guidelines.16  The patient’s families could also be involved in the instruction on hand hygiene so that everyone that is in contact with the patient are thoroughly informed.  One of the biggest issues here is accountability and if this can be corrected then the problem of infections could be improved tremendously.  The inclusion of CP continuation may be a beneficial addition to the guidelines for healthcare professionals as well.  
APIC and SHEA have recommendations to prevent the unnecessary use of antibiotics. ⁵ Those suggestion include “Audit, analysis, and reporting of data” in the healthcare facility. ⁵ The use of the guidelines that they created by studying the right dose/duration/purpose/administration route would help to increase the accountability and education for the healthcare facilities as well as the patients who are being treated there. Using these guidelines would decrease the use of unnecessary antibiotics.  Possibly if studies continue, PPI usage could be decreased as well to prevent unnecessary CDI cases.  There are obviously many other methods that could improve the prevention techniques for Clostridioides Difficile and there is no guarantee that these suggestions will solve everything.  Yet the implementation of these improvements could at least make a slight difference.
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[bookmark: _Toc20594240]Table 1 Hand Hygiene Compliance Chart 
	Checkpoints
	Washed Hands
	Did not Wash Hands

	Before Entering the Room
	295
	205

	Leaving the Room
	360
	140

	Before Patient Contact
	345
	155

	After Patient Contact
	330
	170

	Before a Procedure
	N/A
	N/A

	After a Procedure
	N/A
	N/A
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Hand Hygiene Compliance

Washed Hands	Before Entering the Room	Leaving the Room	Before Patient Contact	After Patient Contact	57.9	71	69	66	Did not Wash Hands	Before Entering the Room	Leaving the Room	Before Patient Contact	After Patient Contact	42.1	29	31	34	
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