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ABSTRACT 
 

 Clostridium difficile infection (CDI) is a typical healthcare-associated infection that contributes to a significant 

proportion of morbidity and mortality among hospitalized patients. Anaerobe microbiological laboratory 

examinations cannot be performed at Prof. Dr. I.G.N.G. Ngoerah Hospital, leading to many undetected cases; 

therefore, it is crucial to determine the risk factors. Identification  of cases may help to prevent, recognize, and  

appropriately treat CDI, reducing morbidity and mortality. This study aimed to determine the risk factors 

associated with suspected CDI in elderly patients with diarrhea due to their vulnerability to immunosenescence. 

This research used medical records as secondary data to determine the risk factors associated with suspected CDI 

in elderly diarrhea patients at Prof. Dr. I.G.N.G. Ngoerah Hospital during the year period of 2017 to 2021 with 

total of 70 samples who met inclusion criteria by purposive sampling technique. One hundred percent of all 

samples had a history of hospitalization for  48 h. There were 53 patients (77.1%) had a history of antibiotic use, 

26 (37.1%) proton pump inhibitors (PPIs), 66 (94.3%) chemotherapy, 66 (94.3%) urinary tract infections, 6 (8.6%) 

kidney disease, and 7 (10%) myocardial infarction. Seven (10%) patients had vascular disease, and 11 (15.7%) 

had diabetes mellitus. Risk factors associated with suspected CDI in elderly patients with diarrhea at Prof. Dr. 

I.G.N.G. Ngoerah Hospital include hospitalization  for 48 hours, use of antibiotics in the last few months, proton 

pump inhibitors, decreased immune system, urinary tract infection, kidney disease, myocardial infarction, vascular 

disease, and diabetes mellitus.  
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INTRODUCTION  

 

 Clostridium difficile is an anaerobic 

Gram-positive bacillus capable of forming 

spores and toxins that are transmitted to 

humans via the fecal–oral route. In the United 

States, C. difficile is the most commonly 

reported pathogen of HAIs, with a case 

fatality rate of 14% within 30 days of 

diagnosis.1 In addition, the high health costs 

associated with Clostridium difficile infection 

(CDI) increase the government's financial 

burden on health spending. It was noted that 

half a million infections were associated with 

CDI in the United States in 2011, with an 

incidence rate of 8.75 cases/1,000 adults 

treated in 2009.2,3 A literature study by 

Collins et al. obtained CDI case data. The 

study found that The Japanese study only 

reported C. difficile ribotyping results 

without information on the prevalence or 

incidence of CDI in Japan; the incidence of 

CDI increased from 1.7/1,000 to 2.7/1,000 

adults in Korea, and 17.1/10,000 hospitalized 

patients in Shanghai were associated with 

CDI. Meanwhile, approximately 44% and 

14% of colitis patients were diagnosed as 

positive for C. difficile toxin in the 

Philippines and Malaysia.4 A more recent 

study showed that the prevalence of CDI was 

9.2% in Thailand.5 There are few reports on 

the incidence or prevalence of CDI in 

Indonesia. One study reported that eight 

strains of C. difficile appeared in healthy 

people, while another study showed that the 

prevalence of C. difficile (toxin A) was 1.3% 

in communities and hospitals in Jakarta.6,7 

The latest report from Central Java showed a 

CDI prevalence of 20.6% in 2017.8 

Several risk factors, including 

advanced age, exposure to antibiotics, and 

hospitalization, are strongly associated with 

CDI.9 The ability of the elderly group's 

immunity to decrease with increasing age, 

including the speed of the immune response 

against infections. Elderly individuals with 

recent antibiotic treatment are at the highest 

risk for CDI because they lack beneficial gut 

microbiota and have low immunity due to age 

and other comorbidities.10-13 This group is 

severely affected and has the highest 

mortality from CDI, with a 2% increase in 

risk each year after age 18 years. A report 

described that around one in ten deaths due to 

CDI in the elderly in the United States in 

2010.14 There are no data on CDI in the 

elderly in Bali, Indonesia due to lack of 

surveillance of CDI cases followed by limited 

laboratory facilities in hospitals capable of 

diagnosing CDI. In addition, cases of relapse 

(relapse/reinfection) and death from CDI in 

the elderly will be higher due to inappropriate 

treatment. 

  One cohort study estimated that about 

40% of CDI cases were community-acquired 

(CA-CDI).15 CA-CDI occurs in younger 

people, symptoms are less severe, hospital 

stays are shorter, relapse rates are lower, but 

no deaths have been reported due to CA-

CDI.16 In addition, CDI was exacerbated by 

the discovery of hypervirulent strains and 

antibiotics that were resistant to quinolones, 

gatifloxacin, and not levofloxacin.17 The 

appearance of CA-CDI is a risk factor for 

domestic and foreign tourists visiting Bali. 

The identification of cases and appropriate 

treatment will reduce morbidity and mortality 

due to CA-CDI. Therefore, increasing the 

laboratory capacity to detect CDI and clinical 

awareness of the presence of CA-CDI is very 

important. Microbiological CDI diagnosis 

was not performed at Prof. Dr. I.G.N.G. 

Ngoerah Hospital, even though there are 

likely to be many undetected cases. 

Furthermore, if there is an underdiagnosis of 

CDI, the death rate of the elderly due to CDI 

will increase. Therefore, the modality of CDI 

examination is crucial. Owing to geriatric 

vulnerability to immunosenescence, this 

study aimed to determine the risk factors 

associated with Clostridium difficile infection 

(CDI) in elderly patients with diarrhea at 

Prof. Dr. I.G.N.G. Ngoerah Hospital. 
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 METHODS  

 

 This type of research was a 

retrospective study using hospital medical 

records that aimed to determine the risk 

factors associated with suspected CDI in 

elderly patients with diarrhea at Prof. Dr. 

I.G.N.G. Ngoerah Hospital, Bali, Indonesia. 

The target population of this study included 

all elderly inpatients with suspected CDI. 

Based on the study of Collin et al. , the 

sample used in this study were all elderly 

inpatients (age 65 years and over) with 

suspected CDI  at Prof. Dr. I.G.N.G. Ngoerah 

Hospital for the last 5 years (2017 to 2021), 

which included diarrhea patients with one or 

several risk factors: (i) pharmacotherapy: 

history of use of antibiotics (clindamycin, 

fluoroquinolones, second-generation 

cephalosporins or higher), chemotherapy, 

proton-pump inhibitors, and histamine type 2 

blockers for at least two weeks; (ii) decreased 

host immunity: presence of comorbid 

diseases such as diabetes mellitus, chronic 

kidney disease, and human 

immunodeficiency virus; (iii) have 

experienced CDI previously.4 CDI was 

diagnosed based on the Infectious Diseases 

Society of America (IDSA) 2011 criteria.2,4 

The sampling technique used was purposive 

sampling. The data-collection process began 

during the preparation stage. The processes 

carried out from the preparation stage to the 

data collection process included: (i) 

administration of research ethics and permits 

at the ethics committee of the Faculty of 

Medicine, Universitas Udayana, Prof. Dr. 

I.G.N.G. Ngoerah Hospital; (ii) arrangement 

of permits for conducting research from the 

Education and Training Section of Prof. Dr. 

I.G.N.G. Ngoerah Hospital; and (iii) data 

collection was carried out from medical 

records. 

 

RESULTS 

 

 The research sample totaled 70 

participants for the last five years (2017–

2021) who met the inclusion criteria. One 

hundred% of all samples had a history of 

hospitalization  for 48 h are showed on 

Table 1. Antibiotic use is frequently reported 

as a risk factor are showed on Table 2. A total 

of 53 patients (77.1%) had a history of 

antibiotic use. A total of 26 patients (37.1%) 

had a history of using proton pump inhibitors 

(PPIs), 66 samples (94.3%) had a history of 

chemotherapy, 66 samples (94.3%) had a 

history of urinary tract infections, 6 samples 

(8.6%) had a history of chronic kidney 

disease, 7 samples (10%) had a history of 

myocardial infarction, 7 samples (10%) had a 

history of vascular disease, and 11 samples 

(15.7%) had a history of diabetes mellitus. 

 
Table 1. Risk Factors Associated with Suspected CDI in Elderly Diarrhea Patients at Prof. Dr. 

I.G.N.G. Ngoerah Hospital. 

Variable Percentage (%) 

(n=70) 

History of hospitalization  

 48 hours 0 (0) 

 48 hours 70 (100) 

History of antibiotic usage  

Yes 53 (77.1) 

No 16 (22.9) 
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History of proton pumps inhibitor usage  

Yes 26 (37.1) 

No 44 (62.9) 

History of chemotherapy  

Yes 4 (5.7) 

No 66 (94.3) 

History of human immunodeficiency virus  

Yes 11 (15.7) 

No 59 (84.3) 

History of urinary tract infection  

Yes 4 (5.7) 

No 66 (94.3) 

History of chronic kidney disease  

Yes 6 (8.6) 

No 64 (91.4) 

History of myocardial infarction  

Yes 7 (10) 

No 63 (90) 

History of vascular disease  

Yes 7 (10) 

No 63 (90) 

History of diabetic mellitus  

Yes 11 (15.7) 

No 59 (84.3) 

 

Table 2. Antibiotic Used in Elderly Diarrhea Patients at Prof. Dr. I.G.N.G. Ngoerah Hospital. 

Antibiotic Percentage (%) 

(n= 53) 

Azithromycin 2 (3,8) 

Doxycycline 1 (1,9) 

Levofloxacin 7 (13,2) 

Metronidazole 5 (9,4) 
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 Cefoperazone 8 (15,1) 

Ciprofloxacin 30 (56,6) 

  

 Eleven patients (15.7%) experienced 

diarrhea accompanied by blood and/or pus, 

48 patients (68.6%) experienced cramps and 

abdominal pain, 16 patients (22.9%) 

experienced flatulence, 23 patients (32.9%) 

%) had fever, 16 patients (22.9%) 

experienced nausea, 23 patients (32.9%) 

experienced dehydration, 13 patients (18.6%) 

experienced decreased appetite, and 11 

patients (15.7%) experienced decreased 

weight. Symptoms of suspected CDI in elderly 

diarrhea patients are showed on Table 3. 

 

Table 3. Symptoms of Suspected CDI in Elderly Diarrhea Patients at Prof. Dr. I.G.N.G. Ngoerah 

Hospital. 

Variable Percentage (%) 

(n=70) 

History of diarrhea   

                              With blood and/or pus 11 (15.7) 

  

                              Without blood and/or pus 59 (84.3) 

History of abdominal cramp and pain  

Yes 48 (68.6) 

No 22 (31.4) 

History of bloated stomach  

Yes 16 (22.9) 

No 54 (77.1) 

History of fever  

Yes 23 (32.9) 

No 47 (67.1) 

History of nausea  

Yes 16 (22.9) 

No 54 (77.1) 

History of dehydration  

Yes 23 (32.9) 
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No 47 (67.1) 

History in decreased of appetite  

Yes 13 (18.6) 

No 57 (81.4) 

History in decreased of body weight  

Yes 11 (15.7) 

No 59 (84.3) 

DISCUSSION 

 

 Risk factors associated with 

suspected Clostridium difficile infection 

(CDI) in elderly diarrhea patients at Prof. 

Dr. I.G.N.G. Ngoerah Hospital 

 

 Previous studies have shown that 

most CDI cases are related to contact with 

healthcare facilities, and previous hospital 

admission has been widely described as a risk 

factor for CDI. C. difficile spores can survive 

for a long time on inanimate objects (resistant 

to heat, acids, and antibiotics), which is the 

main reason why these bacteria can cause 

infection in patients with long 

hospitalizations in health care facilities.3,5,7,9 

C. difficile spreads via the fecal-oral route and 

causes disease in humans through the 

production of two protein exotoxins (toxin A 

and toxin B) that are cytotoxic to colonic 

epithelial cells.11,12 

Almost any antibiotic can increase 

susceptibility to CDI infection, but 

cephalosporins, fluoroquinolones, 

clindamycin and certain penicillins (eg co-

amoxiclav) increase the risk to a greater 

extent.9,11,15,16 The impact of antibiotic on the 

gut microbiome remains the most important 

risk factor. Antibiotic-associated diarrhea is 

one of the most common side effects of 

antibiotic use. Most cases are mild, but C. 

difficile infection causes a spectrum of 

illnesses, ranging from diarrhea to colitis, 

toxic megacolon, and potentially death.17-19 

Intestinal microbiota biology has been 

considered to play a role in the pathogenesis 

of this condition as well as the role of gut 

microbiota manipulation as a new therapeutic 

approach. Antibiotic use can cause diarrhea 

through a variety of mechanisms, including 

osmotic diarrhea (through the loss of gut 

bacteria that absorb short-chain fatty acids) 

and colonization and overgrowth of toxin-

secreting C. difficile.18,19 

Proton pump inhibitors (PPIs) are 

among the most prescribed outpatient and 

inpatient agents worldwide, with sales 

reaching billions of dollars worldwide. PPI 

has been shown to be effective in the 

treatment of stomach ulcers (including 

bleeding gastric ulcers), gastroesophageal 

reflux disease, Helicobacter pylori (in 

combination with antibiotic), Zollinger-

Ellison syndrome, in prophylaxis of upper 

gastrointestinal complications with non-

steroidal anti-inflammatory drugs (NSAIDs), 

ulcer prophylaxis stress in intensive care unit 

(ICU) patients, and functional dyspepsia.11-17 

The widespread use of PPIs over the last 25 

years in clinical practice is a result not only 

of their high efficacy but also their excellent 

safety profile, proving to be one of the safest 

drug classes used in gastroenterology.18-20 

The relationship between the use of PPI and 

CDI is, at least theoretically, rational. 

Intestinal homeostasis is maintained by host 

defense mechanisms in which gastric acid 

plays an important role as a barrier to ingested 

bacteria and bacterial overgrowth. PPI 

therapy severely inhibits gastric acid 

production, leading to spore proliferation and 

transformation into the vegetative form of C. 

difficile. In addition, PPI impair leukocyte 
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 function by inhibiting phagocytosis and 

acidification of phagolysosomes.21,22 

Chemotherapy that disrupts the gut 

microbiome and causes mucositis may make 

germination of C. difficile spores more 

common, leading to greater virulence.1-7 

While CDI rates in patients with cancer vary 

between studies, that is, 10% during 

chemotherapy and up to 20% risk overall.11-

15 A total of 59 patients (84.3%) had a history 

of decreased immune system. 

Immunocompromised patients have an 

increased incidence and poor prognosis when 

accompanied by CDI. Several studies have 

demonstrated clinical outcomes and risk 

factors for CDI and CDI relapse in haemato-

oncological and haematological stem cell 

transplanted (HSCT) patients.15-19 The 

etiology for high CDI and rCDI rates in the 

immunocompromised population is 

multifactorial, consisting of repeated and 

prolonged exposure to broad-spectrum 

antibiotics, high-dose chemotherapy, acute 

graft-versus-host disease on HSCT, history of 

hospitalization, exposure to antibiotics, and 

repeated hospitalizations.15,17 In contrast to 

antimicrobials that disrupt the normal gut 

microbiome, facilitating C. difficile 

proliferation, and in contrast to PPIs that 

allow survival of the vegetative forms of C. 

difficile, the biological mechanism is the 

negative impact of corticosteroids on the 

integrity of the gastrointestinal mucosa.19-22 

Most comorbidities of CDI require 

polypharmacy and prolonged hospitalization, 

which directly influence the shift from C. 

difficile colonization to subsequent CDI.15,17 

Previous studies comparing patients with and 

without underlying chronic kidney disease 

found that patients with chronic kidney 

disease had a higher risk for both initial and 

recurrent episodes of CDI. Similarly, this 

finding was supported by a recent study that 

observed a nearly four-fold increased risk 

(OR:3.68, CI:1.63-8.31, p=0.002) of 

developing CDI in patients with underlying 

chronic kidney disease.18,19 Reduced kidney 

function not only impairs the elimination of 

toxins from the body but also alters the 

functioning of the gut microbiota and 

activates systemic inflammation. 

Hypertension affects gut microbiota 

dysbiosis. In contrast, antihypertensive drugs 

have been shown to improve or harm the gut 

microbiota. For example, verapamil protects 

cells from C. difficile toxicity.20,21 

Furthermore, several studies have 

shown that patients with diabetes are three 

times more likely to be at risk of CDI than 

non-diabetic patients.13-19 The relationship 

between CDI and diabetes has been 

extensively studied. Diabetes is a possible 

independent risk factor for primary and 

recurrent CDI. Diabetes causes structural 

remodeling of the colon, which affects 

various functions of the digestive tract, 

leading to impaired motility and changes in 

the composition of the gut microbiota, which 

can lead to C. difficile diarrhea.17-21 Similarly, 

an intervention study observed that 

metformin-treated diabetic patients 

experienced higher levels of Clostridium 

spp., which can significantly impact C. 

difficile colonization. The potential 

mechanism that has been investigated is that 

metformin alters secondary bile acid 

reabsorption and consequently inhibits spore 

development, vegetative growth, and toxin 

activity in C. difficile strains. Structural and 

functional changes in the colon caused by 

diabetes or diabetes treatment are likely to 

change the composition of the gut microbiota, 

consequently increasing or decreasing the 

risk of CDI; therefore, various measures have 

been implemented to limit potential 

exposure.11,12 

 

Symptoms of suspected CDI in elderly 

diarrhea patients at Prof. Dr. I.G.N.G. 

Ngoerah Hospital 

 

 The clinical manifestations of CDI are 

very heterogeneous, ranging from an 

asymptomatic carrier state, mild or moderate 

diarrhea, to life-threatening fulminant 

colitis.15-19 Although the incubation period is 
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not precisely defined, and according to some 

studies is 2-3 days, more recent studies have 

shown that the incubation period may be 

longer than 3 days and is highly individual-

dependent. CDI can affect any part of the 

large intestine; however, the distal segment is 

the most frequently infected site.13,15 Most 

patients with CDI have mild diarrhea and 

recover spontaneously after 5-10 days of 

discontinuation of antibiotic therapy 

discontinuation. Diarrhea occurs in most 

cases during or immediately after 

antimicrobial therapy, although CDI onset 

may also occur several weeks later.17,19 

Clinical manifestations of CDI, apart 

from diarrhea, include abdominal pain, fever, 

nausea and vomiting, weakness, and appetite 

loss. Fecal occult blood tests are often 

positive, although active bleeding is rare. In 

the most severe clinical presentation of CDI, 

symptoms are life-threatening, and include 

significant dehydration, abdominal 

distention, hypoalbuminemia with peripheral 

edema, and subsequent circulatory shock, 

renal failure, systemic inflammatory response 

syndrome, septicemia, and death.23-25 

Extracolonal manifestations of CDI are rare, 

and most often involve small intestinal 

infiltration, reactive arthritis, and 

bacteremia.25,27 The direct mortality rate due 

to CDI is estimated at 5%, while mortality 

due to complications of CDI reaches 15-25%, 

and reaches 34% in intensive care. units 

(ICU). Mortality doubled in ICU patients 

with CDI compared to ICU patients without 

CDI. A poor prognosis is associated with 

older age, high leukocytosis, 

hypoalbuminemia, and high creatinine levels. 

The first episode of CDI also increases the 

overall risk of death.28-30 

  Relapses of CDI symptoms most 

often occur during the first week after the 

initial episode when treatment is 

completed.25After effective treatment of the 

first CDI episode, at least one new recurrent 

episode occurs in 10–25% of patients, and up 

to 65% in patients who have already had > 1 

episode of recurrent CDI.26,27 Some studies 

have shown that half of recurrent CDI cases 

are due to reinfection with the original strain, 

whereas the other half are due to reinfection 

with a different strain. Impaired immune 

responses to C. difficile toxins, as well as 

recent exposure to its spores, are thought to 

contribute to relapses.29 However, antibiotic 

resistance does not appear to affect the risk of 

recurrence. Complications of C. difficile 

include electrolyte imbalance, renal failure 

due to severe dehydration, systemic 

inflammatory response syndrome, and 

sepsis.25-29 Bacteremia is rare, with few case 

reports of C. difficile bacteremia. Diagnosis is 

based on signs and symptoms of CDI, with 

confirmed microbiological evidence of toxin-

producing C. difficile in the stool, or 

colonoscopic or histopathologic findings of 

pseudomembranous colitis, especially with 

the exclusion of other causes.27 However, not 

all patients with CDI have 

pseudomembranes, especially those with 

mild or partially treated infections.29  

 

STRENGTH AND LIMITATION 

 

 The strength of this study is its 

representativeness, as the data were collected 

for five years. A limitation of this study is that 

it was conducted in only one hospital. This 

needs to be developed as a pilot study in more 

hospitals, especially referral center hospitals 

in Indonesia. 

 

CONCLUSIONS 

 

 Several risk factors associated with  

suspected CDI in elderly diarrhea patients at 

Prof. Dr. I.G.N.G. Ngoerah, namely 

hospitalization  for 48 h, use of antibiotics 

in the last few months, use of proton pump 

inhibitors, decreased immune system, history 

of urinary tract infection, history of chronic 

kidney disease, history of myocardial 

infarction, history of vascular disease, and 

history of diabetes mellitus. 

 

ACKNOWLEDGEMENT 



175 

 

 

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991 

Open access under CC-BY-NC-SA 4.0 International License 

Indonesian Journal of Tropical and Infectious Disease, Vol. 11 No. 3 September – December 2023: 167–177 

  The authors would like to express 

their gratitude to all staff in the Medical 

Record and Health Information Unit, Prof. 

Dr. I.G.N.G. Ngoerah Hospital, for their 

support in conducting this study. 

 

ETHICAL CLEARANCE 

 

 This study was approved by the 

Research Ethics Committee of the Faculty of 

Medicine, Universitas Udayana, Prof. Dr. 

I.G.N.G. Ngoerah Hospital (reference letter 

number 1243/UN14.2.2VII.14/LT/2022). 

 

FUNDING 

 

 The authors received financial 

support from Prof. Dr. I.G.N.G. Ngoerah 

Hospital Research Committee for conducting 

this study. 

 

CONFLICT OF INTEREST 

 

  The authors affirmed that there were 

no conflicts of interest in this study. 

 

AUTHOR CONTRIBUTION  

 

Aryana IGPS determined the idea, 

provided guidance, conducted research, and 

was the guarantor and conceptor of the 

manuscript. Budayanti NNS conducted the 

research, reviewed drafts, and final contents 

of the manuscript. Wedari NLPH conducted 

the study, searched the literature, and wrote 

the manuscript. 

 

REFERENCES  

 

1.  Kotila SM, Mentula S, Ollgren J, 

Virolainen-Julkunen A, Lyytikäinen 

O. Community- and Healthcare-

Associated Clostridium difficile 

Infections, Finland, 2008−2013. 

Emerging Infectious Disease Journal. 

2016;22(10):1747.  

2.  Banaei N, Anikst V, Schroeder LF. 

Burden of Clostridium difficile 

infection in the United States. The 

New England Journal of Medicine. 

2015;2368–2369.  

3.  Czepiel J, Dróżdż M, Pituch H, et al. 

Clostridium difficile infection: 

review. European Journal of Clinical 

Microbiology and Infectious Diseases. 

2019;38(7):1211-1221. 

4.  Collins DA, Hawkey PM, Riley T V. 

Epidemiology of Clostridium difficile 

infection in Asia. Antimicrobial 

Resistance and Infection Control. 

2013;2(1):21.  

5.  Putsathit P, Maneerattanaporn M, 

Piewngam P, Kiratisin P, Riley T V. 

Prevalence and molecular 

epidemiology of Clostridium difficile 

infection in Thailand. New Microbes 

and New Infections. 2017;15:27–32.  

6.  Diniz AN, Moura LNF, Cruz DSG, et 

al. Characterization of the virulence of 

three novel clade 2 Clostridioides 

(Clostridium) difficile strains and a 

two-year screening in animals and 

humans in Brazil. PLoS One. 

2022;17(8):e0273013. 

7.  Nana T, Moore C, Boyles T, et al. 

South African Society of Clinical 

Microbiology Clostridioides 

difficile infection diagnosis, 

management and infection prevention 

and control guideline. S Afr J Infect 

Dis. 2020;35(1):219. 

8.  Collins DA, Gasem MH, Habibie TH, 

Arinton IG, Hendriyanto P, Hartana 

AP, et al. Prevalence and molecular 

epidemiology of Clostridium difficile 

infection in Indonesia. New Microbes 

and New Infections. 2017;18:34–37.  

9.  Rupnik M. Clostridium difficile : 

(Re)emergence of Zoonotic Potential. 

Clinical Infectious Diseases. 

2010;51(5):583–584.  

10.  Azimirad M, Krutova M, Yadegar A, 

et al. Clostridioides difficile ribotypes 

001 and 126 were predominant in 

Tehran healthcare settings from 2004 

to 2018: a 14-year-long cross-sectional 



176 

 

 

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991 

Open access under CC-BY-NC-SA 4.0 International License 

I Gusti Putu Suka Aryana, et al. Risk Factors Associated with Suspected Clostridium difficile 
Infection (CDI) in Elderly Diarrhea Patients at Prof. Dr. I.G.N.G. Ngoerah Hospital 

 
study. Emerg Microbes Infect. 

2020;9(1):1432-1443.  

11. Nibbering B, Gerding DN, Kuijper EJ, 

Zwittink RD, Smits WK. Host 

Immune Responses to Clostridioides 

difficile: Toxins and Beyond. Front 

Microbiol. 2021;12:804949. 

12.  Engevik MA, Danhof HA, Chang-

Graham AL, et al. Human intestinal 

enteroids as a model of Clostridioides 

difficile-induced enteritis. Am J 

Physiol Gastrointest Liver Physiol. 

2020;318(5):G870-G888.  

13.  Engevik MA, Danhof HA, Chang-

Graham AL, et al. Human intestinal 

enteroids as a model of Clostridioides 

difficile-induced enteritis. Am J 

Physiol Gastrointest Liver Physiol. 

2020;318(5):G870-G888.  

14.  Bagdasarian N, Rao K, Malani PN. 

Diagnosis and treatment of 

Clostridium difficile in adults: a 

systematic review. JAMA. 

2015;313(4):398-408.  

15.  Vázquez-Cuesta S, Villar L, García 

NL, et al. Characterization of the gut 

microbiome of patients 

with Clostridioides difficile infection, 

patients with non-C. difficile diarrhea, 

and C. difficile-colonized 

patients. Front Cell Infect Microbiol. 

2023;13:1130701.  

16.  Ventura MT, Cascario M, Gangemi S, 

Buquicchio R. Immunosenescence in 

aging: between immune cells 

depletion and cytokines up-regulation. 

Clinical and Molecular Allergy. 

2017;15(21):1-8.  

17. Fuentes E, Fuentes M, Alarcon M, 

Palomo I. Immune system dysfunction 

in the elderly. Annals of the Brazilian 

Academy of Science. 2017;89(1):285-

299.  

18.  Magnusson C, Mernelius S, Bengnér 

M, et al. Characterization of 

a Clostridioides difficile outbreak 

caused by PCR ribotype 046, 

associated with increased 

mortality. Emerg Microbes Infect. 

2022;11(1):850-859.  

19.  Magnusson C, Mernelius S, Bengnér 

M, et al. Characterization of 

a Clostridioides difficile outbreak 

caused by PCR ribotype 046, 

associated with increased 

mortality. Emerg Microbes Infect. 

2022;11(1):850-859.  

20.  Ho J, Dai RZW, Kwong TNY, Wang 

X, Zhang L, Ip M, et al. Disease 

Burden of Clostridium difficile 

Infections in Adults, Hong Kong, 

China, 2006-2014. Emerging 

Infectious Diseases. 

2017;23(10):1671–1679.  

21.  Kim YS, Han DS, Kim YH, Kim WH, 

Kim JS, Kim HS, et al. Incidence and 

clinical features of Clostridium 

difficile infection in Korea: a 

nationwide study. Epidemiology and 

Infection. 2013;141(1):189–194.  

22.  Sartelli M, Di Bella S, McFarland LV, 

et al. 2019 update of the WSES 

guidelines for management 

of Clostridioides (Clostridium) difficil

e infection in surgical patients. World 

J Emerg Surg. 2019;14:8.  

23.  Hain-Saunders NMR, Knight DR, 

Bruce M, Riley TV. Clostridioides 

difficile infection and One Health: an 

equine perspective. Environ 

Microbiol. 2022;24(3):985-997. 

24.  Jones AM, Kuijper EJ, Wilcox MH. 

Clostridium difficile: a European 

perspective. The Journal of Infection. 

2013;66(2):115–128.  

25.  Cheng JKJ, Unnikrishnan 

M. Clostridioides difficile infection: 

traversing host-pathogen interactions 

in the gut. Microbiology (Reading). 

2023;169(2):001306. 

25. Guerrero DM, Nerandzic MM, Jury 

LA, Jinno S, Chang S, Donskey CJ. 

Acquisition of spores on gloved hands 

after contact with the skin of patients 

with Clostridium difficile infection and 

with environmental surfaces in their 



177 

 

 

IJTID, p-ISSN 2085-1103, e-ISSN 2356-0991 

Open access under CC-BY-NC-SA 4.0 International License 

Indonesian Journal of Tropical and Infectious Disease, Vol. 11 No. 3 September – December 2023: 167–177 

 rooms. American Journal of Infection 

Control. 2012;40(6):556–558.  

26.  Asempa TE, Nicolau DP. Clostridium 

difficile infection in the elderly: an 

update on management. Clinical 

Interventions in Aging. 

2017;12:1799–1809.  

27.  Raeisi H, Azimirad M, Nabavi-Rad A, 

Asadzadeh Aghdaei H, Yadegar A, 

Zali MR. Application of recombinant 

antibodies for treatment 

of Clostridioides difficile infection: 

Current status and future 

perspective. Front Immunol. 

2022;13:972930. 

28. Leffler DA, Lamont JT. Clostridium 

difficile Infection. New England 

Journal of Medicine. 

2015;372(16):1539–1548.  

29.  De Roo AC, Regenbogen 

SE. Clostridium difficile Infection: An 

Epidemiology Update. Clinics in 

Colon and Rectal Surgery.  

2020;33(2):49-57. 

30. McDonald LC, Gerding DN, Johnson 

S, et al. Clinical Practice Guidelines 

for Clostridium difficile Infection in 

Adults and Children: 2017 Update by 

the Infectious Diseases Society of 

America (IDSA) and Society for 

Healthcare Epidemiology of America 

(SHEA). Clin Infect Dis. 

2018;66(7):e1-e48.  

 

 




