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Abstract 

This doctoral research represents the first multicenter study in Latin America analyzing antimicrobial 

and proton pump inhibitor consumption trends and their association with hospital acquired 

Clostridiodes difficile infection (CDI) in tertiary care hospitals of the Costa Rican Social Security 

System. The study aimed to close a critical evidence gap by evaluating the incidence, risk factors, 

and clinical characteristics of hospital acquired CDI, as well as antibiotic use patterns from 2017 to 

2021. 

Methods 

The research consisted of three components: (1) a retrospective trend analysis of antimicrobial 

consumption using Defined Daily Doses (DDD) per 100 bed-days and per 100 discharges from 2017 

to 2021; (2) an ecological study correlating antimicrobial and proton pump inhibitors consumption 

with CDI incidence through time-series and Spearman correlation; and (3) a case-control study using 

propensity score matching to identify risk factors for nosocomial CDI in hospitalized adults from 

2019 to 2021. Statistical analyses included logistic regression, Kaplan-Meier survival analysis, and 

segmented Poisson regression for interrupted time series. 

Results 

• Between 2017 and 2021, cefotaxime, vancomycin, oxacillin, and fluconazole were among 

the most consumed antimicrobials. Despite a decline in cephalosporin and macrolide use, 

consumption of carbapenems, fluoroquinolones, and vancomycin increased. 

• The study identified 354 HA-CDI cases and 1172 controls. Antibiotic exposure, particularly 

to third-generation cephalosporins and clindamycin, was the most significant risk factor. ICU 

admission, prolonged hospitalization, and multiple comorbidities were also independently 

associated with increased HA-CDI risk. 

• No statically significant association was found between proton pump inhibitors use and CDI 

incidence. During the COVID-19 pandemic, although antimicrobial use increased, CDI 

incidence unexpectedly declined. 

Discussion 

The results highlight antibiotics as the primary modifiable risk factor for hospital acquired CDI. The 

declining CDI rates during the pandemic may reflect improved hygiene and infection control 
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measures through Antimicrobial Stewardship Programs recommendations. The lack of association 

with proton pump inhibitors use aligns with emerging international findings. The study underscores 

the need to monitor specific high-risk antimicrobials and to implement tailored antimicrobial 

stewardship programs. 

Conclusions  

The study provides critical data for guiding Antimicrobial Stewardship Programs in Costa Rican 

hospitals and similar healthcare settings. Recommendations include expanding surveillance to 

primary, secondary and private healthcare facilities, integrating molecular strain typing, and 

evaluating environmental disinfection practices. Future research should explore the impact of 

Antimicrobial Stewardship Programs interventions and expand the use of the latest alternatives 

such as fidaxomicin and continue investigating the potential benefit of fecal transplant. 
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Resum 

Aquesta recerca doctoral representa el primer estudi multicèntric a Amèrica Llatina que analitza les 

tendències de consum d’antimicrobians i inhibidors de la bomba de protons, i la seva associació amb 

la infecció nosocomial per Clostridioides difficile (ICD) en hospitals de tercer nivell de la Caixa 

Costarricense de Seguretat Social. L’objectiu general d’aquesta investigació fou cobrir una 

important bretxa d’evidència científica en aquesta temàtica mitjançant l’avaluació de la incidència, 

els factors de risc i les característiques clíniques de la ICD, així com les tendències de consum 

d’antimicrobians durant el període comprès entre els anys 2017 i 2021. 

Mètodes 

L’estudi constà de tres components: (1) una anàlisi retrospectiva de tendències de consum 

antimicrobià mitjançant Dosis Diàries Definides (DDD) per cada 100 estades i per cada 100 altes 

hospitalàries (2017–2021); (2) un estudi ecològic correlacional entre el consum d’antimicrobians i 

d’inhibidors de la bomba de protons amb la incidència de la ICD, mitjançant anàlisi de sèries 

temporals i correlació de Spearman; i (3) un estudi de casos i controls amb emparellament per 

puntuació de propensió per identificar factors de risc en pacients adults hospitalitzats (2019–2021). 

Es van aplicar regressions logístiques, anàlisi de supervivència de Kaplan-Meier i regressió 

segmentada de Poisson. 

Resultats 

• Els antimicrobians més utilitzats durant el període d’estudi van ser la cefotaxima, la 

vancomicina, l’oxacil·lina i el fluconazole. Tot i la reducció en l’ús de cefalosporines i 

macròlids, es va observar un augment en el consum de carbapenems, fluoroquinolones i 

vancomicina. 

• Es van identificar 354 casos de ICD i 1172 controls. L’exposició a antibiòtics especialment 

cefalosporines de tercera generació i clindamicina fou el principal factor de risc. L’ingrés a 

la UCI, l’estada hospitalària prolongada i les comorbiditats múltiples també s’associaren de 

manera independent a un major risc. 

• No es va trobar una associació estadísticament significativa entre l’ús d’ inhibidors de la 

bomba de protons i la incidència de la ICD. Durant la pandèmia per COVID-19, malgrat 

l’augment en l’ús d’antimicrobians, la incidència de ICD va disminuir. 
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Discussió 

Els antibiòtics es confirmen com el principal factor de risc modificable per a la ICD. La reducció de 

casos observada durant la pandèmia podria estar relacionada amb una millora en les mesures 

d’higiene i control d’infeccions, impulsades per les recomanacions dels Programes d’Optimització 

de l’Ús d’Antimicrobians (PROA). L’absència d’associació amb els inhibidors de la bomba de protons 

coincideix amb troballes recents a nivell internacional. Es destaca la importància de monitorar els 

antimicrobians d’alt risc i d’implementar PROA adaptats als contextos locals. 

Conclusions 

Aquest estudi aporta evidència clau per orientar els PROA en hospitals de Costa Rica i en entorns 

sanitaris similars. Es recomana estendre la vigilància als centres d’atenció primària, secundària i al 

sector privat; incorporar la tipificació molecular de soques i avaluar les pràctiques de desinfecció 

ambiental. Es proposa investigar l’impacte de les intervencions PROA, ampliar l’ús de les darreres 

alternatives terapèutiques com la fidaxomicina i continuar investigant el potencial benefici del 

trasplantament de microbiota fecal. 
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Resumen 

Esta investigación doctoral representa el primer estudio multicéntrico en América Latina que analiza 

las tendencias de consumo de antimicrobianos e inhibidores de la bomba de protones y su 

asociación con la infección nosocomial por Clostridioides difficile (ICD) en hospitales de tercer nivel 

de la Caja Costarricense de Seguro Social. El objetivo general de esta investigación fue cerrar una 

importante brecha de evidencia científica en este tema, mediante la evaluación de la incidencia, 

factores de riesgo y características clínicas de la ICD, así como las tendencias de uso de 

antimicrobianos en el periodo comprendido entre 2017 y 2021. 

Métodos 

El estudio constó de tres componentes: (1) análisis retrospectivo de tendencias de consumo 

antimicrobiano mediante Dosis Diarias Definidas (DDD) por 100 estancias  y por 100 altas 

hospitalarias (2017–2021); (2) estudio ecológico correlacional entre consumo de antimicrobianos e 

inhibidores de bomba de protones con la incidencia de ICD mediante análisis de series temporales 

y correlación de Spearman; y (3) estudio de casos y controles con emparejamiento por puntaje de 

propensión para identificar factores de riesgo en adultos hospitalizados (2019–2021). Se aplicaron 

como métodos estadísticos la regresión logística, análisis de supervivencia de Kaplan-Meier y 

regresión segmentada de Poisson. 

Resultados 

• Los antimicrobianos más consumidos en el periodo de estudio fueron cefotaxima, 

vancomicina, oxacilina y fluconazol. Aunque se redujo el uso de cefalosporinas y macrólidos, 

aumentó el consumo de carbapenémicos, fluoroquinolonas y vancomicina. 

• Se identificaron 354 casos de ICD y 1172 controles. La exposición a antibióticos 

especialmente cefalosporinas de tercera generación y clindamicina fue el principal factor de 

riesgo. El ingreso a UCI, la estancia hospitalaria prolongada y las comorbilidades múltiples 

también se asociaron de forma independiente con mayor riesgo. 

• No se encontró una asociación estadísticamente significativa entre el uso de IBP y la 

incidencia de ICD. Durante la pandemia por COVID-19, a pesar del aumento en el uso de 

antimicrobianos, la incidencia de ICD disminuyó. 
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Discusión 

Los antibióticos se confirman como el principal factor de riesgo modificable para la ICD. La 

disminución de casos durante la pandemia podría deberse a una mejora en las medidas de higiene 

y control de infecciones impulsadas por recomendaciones de los Programas de Optimización de Uso 

de Antimicrobianos (PROA). La falta de asociación con inhibidores de bomba de protones coincide 

con hallazgos internacionales recientes. Se subraya la importancia de vigilar antimicrobianos de alto 

riesgo e implementar programas PROA adaptados. 

Conclusiones 

El estudio aporta evidencia clave para orientar los PROA en hospitales de Costa Rica y entornos 

similares. Se recomienda extender la vigilancia a centros de atención primaria, secundaria y al sector 

privado; incorporar tipificación molecular de cepas y evaluar prácticas de desinfección ambiental. 

Se sugiere investigar el impacto de las intervenciones PROA, ampliar el uso de las últimas 

alternativas como la fidaxomicina y continuar investigando el potencial beneficio del trasplante de 

microbiota fecal. 
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Clostridiodes difficile infection (CDI) has emerged as a critical challenge in the context of healthcare 

associated infections. Over the past thirty years, its epidemiological profile has undergone a 

significant transformation, initially noted in Western countries and subsequently observed on a 

global scale (1). 

 

The organism demonstrated a remarkable capacity for adaptation, presenting ongoing difficulties in 

clinical management. Infections typically arise in individuals with disrupted intestinal microbiota, 

most commonly due to prior exposure to antimicrobial treatment (2). Main risk factors include 

advanced age, immunosuppression and use of broad-spectrum antimicrobials. 

 

A typical case of CDI in a hospitalized patient involves the exposure to C.difficile spores, which can 

germinate, proliferate and release toxins. These toxins are responsible for a spectrum of diseases 

ranging from mild diarrhea to fulminant colitis and in severe cases, death (3). 

 

The molecular epidemiology of CDI is dynamic over time, across healthcare facilities and geographic 

regions, it is often influenced by factors such as antimicrobial consumption patterns, pathogenic 

characteristics of circulating strains, among others. A remarkable example is the emergence of the 

hypervirulent strain ribotype (RT) 027 (North American pulsed-field gel electrophoresis type) NAP1 

in the early 2000s, which has been implicated in severe outbreaks in multiple world regions (4). 

 

Additionally, treatment poses a clinical dilemma, as antimicrobial agents are both a therapy 

modality and a predisposing factor. Historically, metronidazole and vancomycin were the standard 

treatments for CDI, however significant advances have been made in the past years. In 2013, fecal 

microbiota transplantation (FMT) demonstrated efficacy in treating recurrent CDI (rCDI) (5). 

Moreover, in 2017, bezlotoxumab (a monoclonal antibody targeting CDI) was shown to reduce 

recurrence rates (6). In the same year, fidaxomicin replaced metronidazole as the first-line therapy 

for initial CDI episodes (7). 

 

Actually, CDI represents a clinical problem due to its association with increased morbidity, 

prolonged length of stay (LOS) and elevated healthcare costs. Both surveillance and preventive 

interventions remain as fundamental strategies in controlling its spread. 
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1.1 Clostridiodes difficile global and regional epidemiology  

 

In 1893, J.M. T. Finney conducted the earliest anatomic examinations of pseudomembranous colitis 

(PMC), describing lesions in the intestinal tract of a 22-year-old postoperative patient. By the early 

1950s PMC had emerged as a recognized postoperative complication associated with antibiotic 

therapy, particularly among surgical patients, with reported incidence rates between 14 to 27%. 

Staphylococcus aureus was initially implicated as the causative agent, and oral vancomycin became 

the standard treatment (8).  

 

Clostridiodes difficile, formerly known as Clostridium difficile until 2016, was first detected in 1935 

in the faces of healthy neonates (9). It is a strict anaerobe that produces subterminal, non-bulging, 

elongated spores. Due to its challenging isolation, it was initially named Bacillus difficilis (10). 

Although initially deemed non-pathogenic, the detection of C.difficile in patients with PMC-

associated diarrhea in 1987 revealed its etiological role in the disease (11).  

 

The prevalence and severity of CDI are shaped by the circulation of specific strains, which in turn 

are influenced by antimicrobial resistance patterns and local antimicrobial consumption (4). 

Epidemiological data suggests that up to 3% of healthy adults are asymptomatically colonized by 

toxigenic C. difficile. The rate increases significantly in hospital environments, especially among 

older adults. Approximately 10% of patients aged over 65 years may already be colonized upon 

admission. During hospitalization, the colonization rate can rise from 13% to 20% within the first 

week, reaching up to 50% after four weeks (12). 

 

C.difficile is excreted in faces, and its spores can survive for prolonged periods on dry surfaces. In 

the healthcare settings, transmission often occurs via contaminated hands of healthcare workers or 

medical equipment. After ingestion, the spores germinate into vegetative cells; however, in the 

absence of risk factors, colonized individuals may remain asymptomatic carriers who can still 

disseminate spores or later develop symptomatic disease (13). As a leading cause of healthcare-

associated colitis, C.difficile poses a major public health concern due to its easy of transmission and 

the morbidity and mortality associated with infection (14). 
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The phylogenetic diversity of C. difficile has led to the emergence of various epidemic strains. 

Polymerase chain reaction (PCR) ribotyping, the gold standard for molecular typing, differentiates 

strains based on ribosomal Ribonucleic acid (RNA) gene patterns. These RT help distinguish between 

epidemic (hypervirulent) and non-epidemic strains (Table 1), which vary in prevalence, virulence 

and antimicrobial resistance. Epidemic RT are identified by their widespread presence across 

multiple settings and countries (15). 

 

Adapted from: Molecular Epidemiology of Clostridioides difficile Infections in Patients Hospitalized in 2017–2019 at the Central Teaching Hospital 

of Medical University of Lodz, Central Poland, Antibiotics. 2025; 14(3):219 (15) 

 

A substantial rise in CDI incidence and severity has been observed over the past 30 years, largely 

attributed to the emergence of the hyvervirulent PCR RT 027/toxinotype III, initially identified in 

Quebec, Canada (1). This strain exhibits high-level fluoroquinolone resistance, enhanced 

sporulation, elevated toxin production and a mortality rate three times higher than less virulent 

strains like RT001 or 014 (16). Its introduction into Europe occurred via the United Kingdom, with 

gradual spread to central and southern European countries (17). The Center for Diseases Control 

and Prevention (CDC), has classified CDI as an urgent public health threat, requiring immediate 

action (18). 
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Cross country comparisons of CDI epidemiology remainw complex due to varying diagnostic criteria, 

definitions and reporting systems. It is estimated that C.difficile is responsible for 25% to 33% of 

antibiotic associated diarrhea and up to 90% of PMC cases (1).  A systematic review covering studies 

from 2009 to 2019 found a high global incidence, particularly in hospitalized patients. Incidence 

rates for hospital acquired CDI (HA-CDI) and community-associated CDI (CA-CDI) in the United States 

were 8.00 and 2.00 per 10 000 patient days respectively. In Canada, HA-CDI was reported at 4.3 per 

10 000 patient-days, while CA-CDI were lacking. Among European countries Poland reported the 

highest incidence (HA-CDI and CA-CDI 6.18 and 1.4 per 10 000 patient day, respectively), while the  

 United Kingdom showed the lowest rates (HA-CDI and CA-CDI 1.99 and 0.56 per 10 000 patient 

days, respectively)  (1,19). 

 

Monitoring CDI epidemiology trends over time has become essential, especially with the emergence 

of RT such as 012, 023, 027, 014/020, 017,056, 106, which complicate treatment. A recent 

systematic review and meta-analysis included 59 studies published between 2016 and 2024, from 

24 countries found a higher incidence in the hospital settings (5.31 cases per 1000 admissions (95% 

CI 1.69-2.61) and a higher recurrence rate in CA-CDI (16.22%). Table 2 shows the results of this meta-

analysis according CDI rates by each World Health Organization (WHO) region (20). 

 

Adapted from: The Global Burden of Clostridioides difficile Infections, 2016–2024: A Systematic Review and Meta-Analysis, Infect. Dis. 

Rep. 2025, 17(2), 31  (20) 
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In Latin America, CDI remains underreported due to limited published studies. The first identification 

of C.difficile in the region occurred in Mexico City in 1984, when both toxigenic and non-toxigenic 

strains were isolated from children treated with antibiotics; although, no link to diarrhea was 

established at that time (21). In the early 1990s, a Peruvian hospital study found CDI to be rare, with 

only one case of cytotoxin positivity and negative culture (22). Two decades later, a study in Chile 

by Gardilcic et al. reported 27 CDI cases over four months in a tertiary hospital, highlighting 

fluroquinolones as a major risk factor and underscoring the need for antibiotic stewardship (22). 

 

In 2010, Quesada-Gómez et al. published a landmark study in Costa Rica reporting the first 

identification of the epidemic NAP1/027/ST1 strain in 54% (20/37) of the stool samples from 

patients with antibiotic-associated diarrhea (23). Peak incidence rates were 29-40 cases/10 000 

patient days, with an overall mortality rate of 11.0% (24). In 2012, Hernandez-Rocha et al. identified 

two NAP1/027/ST1 cases in a Chilean university hospital, confirming the presence and regional 

dissemination of hypervirulent strains (25). In 2014, López-Ureña et al. reported the first NAP1 strain 

in Panama; the five isolates were resistant to clindamycin and fluoroquinolones but remained 

susceptible to metronidazole and vancomycin (26). Subsequently, Camacho-Ortiz et al. described 

the first NAP1/027/ST1 outbreak in a Mexican tertiary hospital, confirming its emergence in the 

country (27).  

 

During the COVID-19 pandemic (2020–2021), a modest reduction in global CDI burden was observed 

compared to the pre-pandemic period. In the United States, a decline in CDI positivity rates was 

linked to widespread implementation of non-pharmaceutical interventions. However, other studies 

reported no significant impact of the pandemic on CDI overall. Moreover, some regions with low to 

middle socio-demographic indices experienced a slight increase in CDI burden during this period 

(28). 

 

1.2 Pathogenesis and the role of the gut microbiota 

 

C. difficile is a Gram-positive, anaerobic, spore-forming and toxin-producing bacillus capable of 

colonizing and proliferating in the human gut, particularly following exposure to broad-spectrum 

antibiotics. These agents disrupt the intestinal microbiota, thereby reducing colonization resistance 
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and proving an opportunity for C. difficile to germinate, disseminate, and cause clinical infection 

(29).  

 

This microorganism exists in two biological forms: a vegetative state, which is metabolically active 

and responsible for toxin production and disease manifestation, and a spore form, which plays a 

pivotal role in transmission. The spore structure comprises protective surface layers, including a 

coat and an exosporium, which confer resistance to germicidal agents, acid environments, elevated 

temperatures and antimicrobial agents. These attributes enable C.diffiicle to persist for extend 

periods on various surfaces, facilitating both HA-CDI and CA-CDI (30).  

 

Throughout its life C. difficile interacts dynamically with the host gut microbiota. Colonization is 

closely linked to alterations in the microbiota’s composition. The gut ecosystem encompasses 

diverse microbial domains, including bacteria, archaea, yeasts and viruses. The dominant bacterial 

phyla are Firmicutes and Bacteroidetes, together accounting for approximately 90% of the 

microbiota, followed by Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia. Within 

the Firmicutes phylum, over 200 genera are identified with C.difficile species being highly prevalent. 

Bacteroidetes are primarily represented by Bacteroides and Prevotella (Figure 1) (31). 

 

 
Figure 1 Gut microbiome: distribution of important microorganisms in three different areas of the 

human gastrointestinal tract 

Adapted from: An.bio.cs and the gut microbiome: Understanding the impact on human health. Medicine in Microecology 
20 (2024) 100106 (32) 
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In the healthy individuals, this complex microbial community confers protection against C.difficile 

colonization and infection. The adult gut microbiota exhibits three essential features: diversity ( 

characterized by high species richness and functional variety, often associated with health), 

resilience (the ability to resist and recover from perturbations) and long-term stability at high 

taxonomic levels, which sustains homeostasis over time (33). 

 

When the gut microbiota is disrupted, for instance by antibiotics, advanced age or 

immunosuppression, the ingestion of C. difficile spores can lead to germination and vegetative 

outgrowth. Key mechanisms facilitating germination include reduced microbial diversity, decreased 

competition for nutrients and binding sites, diminished production of bacteriocins, impaired 

conversion of primary to secondary bile acids, and reduced levels of short-chain fatty acids, which 

are integral to intestinal homeostasis and anti-inflammatory regulation (29). Germination and 

adhesion of vegetative C.difficile cells to the intestinal epithelium constitute critical steps in disease  

pathogenesis (12). 

 

Multiple risk factors contribute to intestinal dysbiosis and increased susceptibility to CDI. These 

include antibiotic therapy, age >65 years, prolonged hospitalization (especially in intensive care 

units (ICU) or shared hospital rooms), residency in long-term care facilities, immunosuppressive 

conditions, suppression of gastric acid via proton pump inhibitors (PPI) or histamine 2- receptors 

antagonist, extended use of elemental diets in enteral nutrition, inflammatory bowel diseases and 

gastrointestinal surgeries. Each of these factors has been associated with characteristics shifts in 

microbiota composition and a heightened risk of CDI (Figure 2) (33). 

 
Figure 2. Representation of Clostridiodes difficile colonization 

Adapted from: Asymptoma0c Clostridium difficile coloniza0on: epidemiology and clinical implica0ons BMC Infec0ous 
Diseases volume 15, Ar0cle number: 516 (2015)(34) 

 

https://bmcinfectdis.biomedcentral.com/
https://bmcinfectdis.biomedcentral.com/
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Virulence factors for C.difficile include surface-layer proteins that mediate strong adherence to the 

intestinal epithelium and modulate host immune responses. Notably, the bacterium expresses 

collagen binding proteins that facilitate mucosal adhesion, biofilm formation and evasion of immune 

defenses (35). 

 

Once colonization is established in the colon, C.difficile releases two potent exotoxins Toxin A and 

Toxin B (TcdA and TcdB) which are considered the principal virulence factors for CDI. These large 

clostridial toxins (LCTs) are glycosyltransferases composed of four functional domains and are 

responsible for severe mucosal injury and inflammatory responses (12). TcdA and TcdB bind host 

cell surface receptors and are internalized via endocytosis. Within the endosome, acidification 

triggers a conformational change that enables the formation of pores through which the 

glucosyltransferase domain (GTD) enters the cytosol. The GTD then glucosylates Rho-family 

GTPases, leading to cytoskeletal disruption, epithelial barrier dysfunction and eventually apoptosis 

(36). 

 

Some hypervirulent strains, such as PCR RT027, also produce a third virulence factor, C. difficile 

transferase (CDT or binary toxin). CDT is an ADP-ribosyltransferase that binds to host cells receptors, 

is internalized and depolymerizes actin, exacerbating cellular injury and promoting adherence and 

colonization (14). 

 

The combined action of these toxins results in hallmark features of CDI- fluid secretion, intense 

inflammation and mucosal damage. During this process, C.difficile also initiates sporulation, allowing 

transmission to new hosts and perpetuation of the infectious cycle (14). TcdB in particularly, exhibits 

strong cytotoxic effects, directly damaging the intestinal mucosa. TcdA, while more associated with 

fluid loss and hemorrhagic necrosis, also contributes to disease severity through is proinflammatory 

effects (30). 

 

Animal model studies initially suggested that TcdA was the dominat toxin, with TcdB exerting 

pathogenic effects only in conjuction with TcdA induced tissue injury. However, human colonic 

tissue models have shown that TcdB alone can elicit severe inflammation and epithelial damage and 

both toxins can independently trigger CDI symptoms (37,38). 

 



 35 

In severe cases, the mucosal injury progress to the formation of characteristics pseudomembranes 

accumulations of necrotic epithelial cells, neutrophils and fibrin on the intestinal surface, 

representing one of the classic histopathological features of PMC (Figure 3). 

 

 
Figure 3. Pathogenesis Clostridiodes difficile 

After disruption of the gut microbiota, spores of C.difficile germinate. Vegetative cells of C.difficile 

colonize the colon, where they release toxins A and B (TcdA and TcdB), this leads to severe 

inflammation due to massive neutrophil and monocyte recruitment, triggering the opening of 

epithelial cell junctions and apoptosis. Together, these factors can lead to the formation of a 

pseudomembrane and the manifestation of disease. 

Adapted from: Clostridium difficile infec.on: new developments in epidemiology and pathogenesis Nature Reviews 
Microbiology volume 7, pages526–536 (2009) (39) 

 

1.3 Risk factors associated with Clostridiodes difficile infecVon 

 

When considering risk factors for CDI, it is important to recognize that they vary depending on 

whether the concern is a first episode, recurrent diseases or severe/complicated CDI. Host-related 

factors such as genetics, gut microbiota, age, immunity and comorbidities modulate individual 

susceptibility. Among these, antibiotic use and advanced age are the most relevant and well-

established risk factors. CDI risk factors are commonly categorized into environmental (exposure-

related) and host-related factors (Figure 4). 

 

 

https://www.nature.com/nrmicro
https://www.nature.com/nrmicro
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Figure 4. Relevant environmental and host Clostridiodes difficile infection risk factors  
Original artwork by the thesis author 

 

1.3.1 Environmental risks 

As a spore-forming bacterium, C.difficile can persist on inanimate surfaces for extended periods. 

Admission to acute care hospitals, long-term care facilities or rehabilitation centers increases the 

risk of acquiring C.difficile. Risk rises with longer lengths of stay and proximity to symptomatic 

individuals, both of which heighten exposure to toxigenic strains. Higher levels of environmental 

contamination are directly associated with C. difficile presence on the hands of healthcare 

personnel.  The CDC recommends handwashing with soap and water over alcohol-based sanitizers 

and strict isolation precautions for patients with active CDI. These practices are essential to reduce 

transmission between patients and healthcare workers (40,41).   

 

Environmental disinfection using sporicidal agents is critical, as conventional quaternary ammonium 

compounds used in healthcare are not effective against spores and may even trigger sporulation.  

Chlorine-based solutions (for example sodium hypochlorite or isocyanuric acid compounds) are 

sporicidal and have demonstrated efficacy against hypervirulent strains, including NAP1/027 

(42,43). It is vital to ensure that all high touch surfaces are cleaned thoroughly. Patients discharged 

home or managed as outpatients are often advised to clean bathroom surfaces with freshly 

prepared 10% bleach solutions to minimize the risk of home transmission. 
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1.3.2 Host-Related Risk Factors 

Host-related risk factors play an important role in who becomes infected but also in predicting the 

likelihood of recurrence. The most relevant factors are described below. 

 

a. Host immunity 

There is robust evidence that asymptomatic colonization with C. difficile confers protection against 

progression to active disease through an immune-mediated mechanism. A prospective study among 

hospitalized patients found that asymptomatic carries had higher IgG levels at colonization 

compared to patients who later developed diarrhea. Moreover, increased IgM levels targeting 

toxins A. B and non-toxin antigens were associated with a protective effect. In contrast, patients 

unable to generate anti-toxin A were 48 times more likely to develop diarrhea (40,44). 

 

Many healthy children and up to 60% of adults have detectable serum IgG and IgA antibodies against  

toxins A and B, even in the absence of active infection. This suggests that adaptative immunity 

against C.difficile may develop from early-life environmental exposures and persists as a dynamic, 

host-mediated defense mechanism (34,45). 

 

b. Ansbiosc exposure 

Antibiotic use is the most important modifiable risk factor for CDI. Antibiotics disrupt the intestinal 

microbiota, allowing overgrowth of C.difficile (46). The extent of CDI risk varies by antibiotic class, 

with further stratification withing classes. This risk evolves over time in response to changes in strain 

prevalence and antimicrobial resistance patterns (1).  

 

When C.difficile is resistant to the antibiotic to which the patient is exposed, the risk of CDI increases 

significantly (30,47). Antibiotics reduce microbiota diversity, alter metabolic activity and favor the 

selection of resistant organisms. The mechanisms by which antibiotics affect gut cells and 

microbiota are illustrated in Figure 5 (48,49). 
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Figure 5. Action of antibiotics on gut cells and microbiota  

Organisms cited using green and red color indicates their increasing and decreasing concentration in the presence of the appropriate 

antibiotics respectively 

Adapted from: Antibiotics and the gut microbiome: Understanding the impact on human health. Medicine in Microecology 20 (2024) 

100106 (32) 

 

Antibiotics most frequently associated with CDI include ampicillin, amoxicillin, cephalosporins, 

clindamycin and quinolones. Among these, third generation cephalosporins pose the highest risk 

due to C. difficile intrinsic resistance. The CDI risk tends to decrease from third/fourth, to second to 

first generation (Figure 6) (1,30).  
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Figure 6. Risk of Clostridiodes difficile infection development according to antibiotic classes 

Adapted from:  Clostridioides difficile infec.on: history, epidemiology, risk factors, preven.on, clinical manifesta.ons, 
treatment, and future op.ons (1) 

 

Duration of antibiotic therapy is also critical: longer courses cause greater and more sustained 

microbiota disruption. For instance, a 14-day course is associated with a 27% increased CDI risk, 

compared to 7% with a 7-day course. Even 5-day regimens carry measurable risk. CDI risk peaks 

during and within the first month after antibiotic use but remains elevated for up to three months 

post exposure (50,51). Concomitant use of multiple antimicrobials further increases CDI risk (52). 

Importantly, even single dose prophylactic antibiotics for surgery may increase CDI risk (52).  

 

c. Age 

Advanced age is a well-recognized, independent risk factor for incident CDI, rCDI, severe disease and 

CDI related mortality. Individuals aged ³ 65 years, particularly those with comorbidities like 

inflammatory bowel disease, chronic kidney diseases or immunodeficiency are at heightened risk. 

Aging also reduces gut microbiota diversity, particularly affecting protective species such as 

bifidobacteria. These microbes produce beneficial metabolites such as short-chain fatty acids and 

bacteriocins (53). 

The relative abundance of bifidobacteria declines with age: 

• 60-70% in early life 

• 30-40% in early adulthood 

• 10% in late adulthood 

• 0-5% in the elderly (36).  
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Additionally, both cellular and humoral immune responses decline with age, further contributing to 

susceptibility. 

 

d. Gastric acid suppression 

Gastric acidity serves as a non-specific barrier against ingested pathogens. Since C.difficile 

transmission occurs via ingestion, the potential link between CDI and gastric acid suppression has 

been widely explored (54). While C. difficile spores can survive gastric acidity, the use of PPIs has 

been associated with intestinal dysbiosis, which may facilitate colonization. Animal studies show 

that PPI use may cause epithelial damage, edema, and neutrophil infiltration in colon (55). 

 

However, the exact causal relationship between PPIs and CDI remains unclear. Some meta-analysis 

report very low-quality evidence for an association and Infectious Diseases Society of America (IDSA) 

guidelines state that current data are insufficient to recommend discontinuing PPIs solely to prevent 

CDI. Nonetheless, stewardship initiatives to reassess PPI necessity are encouraged (56,57). 

 

Other well-established risk factors include prolonged hospitalization, inflammatory bowel disease, 

gastrointestinal surgery, immunosuppression, malignacy, organ transplantation and chronic kidney 

disease(36). 

 

1.4 Clinical manifestaVons 

1.4.1 Colonic manifestaVons 

a. Asymptomasc carrier:  

The acquisition of toxigenic C. difficile frequently leads to colonization without clinical illness. 

Asymptomatic C. difficile colonization is the condition where C. difficile is detected in the absence 

of symptoms of infection. This is condition is relatively common in healthcare facilities, with 

prevalence or incidence rates ranging from 7% to 18% in hospitals and up to 51% in long term care 

facilities. The number of colonized patients often is higher than symptomatic CDI cases among 

hospital patients, particularly when disease is endemic. After successful treatment, patients with 

CDI frequently transition to asymptomatic carriage while continuing to shed spores (58,59).  

 

Moreover, the majority of infants are colonized with C.difficile but remain asymptomatic, possibly 

due to the absence of toxin-binding receptors in the infant gut, as suggested by the common 
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development of antibodies to C.difficile toxins in infants without clinical infection (30). 

Asymptomatic colonization by toxigenic C.difficile in infants appears to stimulates a durable immune 

response that appears to protect against symptomatic infection later in life (60). 

 

It has been proposed that asymptomatic carries may be protected from disease progression due to 

their ability to mount an immune response to clostridial toxins. However, these patients potentially 

act as an infection reservoir and may present a risk to others (34).Despite this, the transmission 

potential from asymptomatic carriers is lower than of symptomatic patients, and there is no 

conclusive evidence supporting the extension of contact precautions to C.difficile asymptomatic 

carriages during their hospital stay (1). 

 

b. Clostridiodes difficile associated diarrhea 

Symptomatic patients develop a clinical presentation that covers a large spectrum of diseases, with 

diarrhea and colitis being the most common to life-threatening PMC. The incubation period typically 

ranges from 2 and 3 days but may extend beyond this in some cases. CDI can affect all parts of the 

colon, but the distal segment is most commonly affected. Most patients with CDI suffer from mild 

diarrhea and recover spontaneously after 5 to 10 days of antibiotic withdrawing (57). 

 

Diarrhea usually occurs during or shortly after antimicrobial therapy, although it may also develop 

weeks later. Hospitalized patients with diarrhea occurring >72 hours after admission while on 

antibiotic therapy are much more likely to have CDI than an infection caused by an alternative 

enteric pathogen (61). The wide clinical spectrum is likely influenced by host, microbiota and 

pathogen-related factors. The significant mortality associated with C.difficile typically arises from 

more severe manifestations, including PMC, fulminant colitis, and toxic megacolon (62).  

 

Symptomatic CDI is mediated through the production of toxins that are cytotoxic to epithelial cells 

of the colon, causing extensive inflammation and epithelial tissue damage to the host (34). Clinical 

features of CDI, include watery diarrhea with a characteristic foul odor, abdominal pain, fever, 

nausea and vomiting, weakness and loss of appetite. Diarrhea could persist for days despite the 

clinical improvement (1). 
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c. Clostridiodes difficile coliss:  

Colitis without pseudomembrane formation is the most common clinical manifestation and is a 

more serious illness, symptoms are life-threatening and include significant dehydration, abdominal 

distension, hypoalbuminemia with peripheral edema, and subsequent circulatory shock. Severe CDI 

may cause paralytic ileus that can evolve into toxic megacolon with significant systemic involvement 

and high mortality risk.  

 

d. Pseudomembranous colitis 

PMC can be identified during sigmoidoscopy as raised yellow plaques, a few centimeters in 

diameter, scattered over the colorectal mucosa. Sometimes these plaques coalesce to form the 

classical pseudomembrane. Most commonly, the rectosigmoid area is involved in most patients with 

PMC. But in approximately one-third of the patients, the pseudomembranes are limited to the 

proximal colon. PMC is the typical manifestation of full-blown C. difficile colitis and is accompanied 

by more severe symptoms than those observed in nonspecific colitis. In severely ill patients, 

elevated white blood cell (WBC) count (>20,000/mL) and hypoalbuminemia (serum albumin 

<3.0 g/dL) may be observed (63). 

 

e. Fulminat colitis: 

Fulminant colitis presents with severe lower quadrant or diffuse abdominal pain accompanied by 

distension and diarrhea. Some patients may have high fever, chills and marked leukocytosis. 

Fulminant colitis due to C. difficile infections occurs in 3% to 8% of patients. It accounts for most of 

the serious complications including perforation, prolonged ileus, megacolon and death. Patient with 

toxic megacolon show signs severe toxicity, such as fever, chills, dehydration and leukocytosis (63). 

In fulminant CDI refractory to medical therapy or with complications (toxic megacolon, perforation 

with peritonitis, or septic shock), surgical intervention, including hemicolectomy or subtotal 

colectomy, may be required. Several retrospective cohort studies have found a survival benefit with 

early surgical intervention, particularly in patients undergoing total colectomy; nevertheless, overall 

morbidity and mortality in fulminant CDI is very high despite surgery, with mortality rates up to 80% 

reported (64). 
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f. Recurrent CDI: 

Recurrent CDI is common, affecting approximately 15%-25% of patients after an initial episode, even 

in the absence of additional risk factors. Recurrence is characterized by the sudden reappearance 

of diarrhea and other symptoms usually within one week of stopping C. difficile treatment. In theory 

subsequent episodes of CDI are usually less severe compared to the first episode, however, if they 

are temporarily close or if the patient is very frail, they may contribute to unfavorable outcomes. 
Recurrent CDI may result from persistent disruption of the gut microbiota due to repeated antibiotic 

exposure allowing C. difficile to overgrowth or from an impaired immune response.  Evidence 

suggests that about half of the recurrent CDI cases are due to relapses of infection with the original 

strain, whereas the other half is caused by re-infection with different strains (1,63). 

 

1.4.2 Extraintestinal manifestations: 

Extraintestinal involvement of CDI is uncommon (approximately 0.17%of CDI cases). These 

manifestations typically include infiltration of the small intestine and bacteremia, visceral or soft 

tissue abscess formation, infection of implanted prosthetic devices, wound infections, and 

osteomyelitis are the main reported extraintestinal localizations (65). Since CDI affects the colon in 

the vast majority of cases, the risk of bacterial and fungal gut translocations is high, with the colon 

acting as the port of entry. Mortality rate directly due to CDI is estimated at 5%, whereas mortality 

associated with CDI complications reaches 15–25%, and up to 34% in ICUs. Poor prognostic 

indicators include advanced age, high leukocytosis, hypoalbuminemia, and high creatinine level. It 

has also been shown that the first-ever CDI episode increases the overall risk of death (64). 

 

1.4.3 Classification of CDI according to case origin 

The designation of case origin is determined by the time and place of the onset of CDI symptoms 

(66).  

 

Cases of Hospital-associated CDI (HA-CDI) had an onset of symptoms in a hospital on day three or 

later, following admission to a healthcare facility on day one or they had onset in the community 

within 4 weeks of discharge from a hospital (67). 

 

Community-associated CDI (CA-CDI) cases have had no discharge from a hospital within the 12 

weeks before the onset of symptoms. In addition, their onset of symptoms either took place outside 
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health care facilities or took place in a healthcare facility on the day of admission or on the following 

day (67). 

 

If a CDI case has been discharged from a hospital in the 4-12 weeks before the onset of their 

symptoms, the case origin is “unknown” (66,67). 

 

The designation of a CDI as rCDI is independent of the designation of CDI case origin. Recurrent CDI 

are individuals who meet the CDI case definition (including return of diarrhea stools with a positive 

laboratory test) after completion of CDI treatment, who had new onset of symptoms between 2 and 

8 weeks after the onset of symptoms from a previous episode of CDI (57,67) 

 

1.4.4 ClassificaVon of CDI according to severity 

 

Multiple clinical scoring systems have been proposed to evaluate CDI severity, aiming to identify 

patients at greater risk for treatment failure, recurrence ICU admission or mortality. There is no 

widely accepted model to predict CDI severity and usually severe criteria are based on expert 

opinion and previously identified risk factors in the literature. This section highlights seven models 

chosen according their prominence in the literature and prior validation in different studies (68). 

Table 3 provides a comparative overview of these scoring systems, emphasizing their ability to 

predict severe disease and related outcomes. 

 

a. ATLAS score 

A combination of five simple clinical and laboratory values: ATLAS (Age, Treatment with systemic 

antibiotics, leukocyte count, albumin and serum creatinine), measured at the time of CDI diagnosis, 

combined into an 11-category scoring system (rank score 0-10), is able to predict treatment 

response to CDI therapy. The ATLAS score may be useful to stratify CDI patients to evaluate and 

compare CDI therapies among patient categories (69). A low ATLAS score correlates with higher cure 

rates (Score >6 is associated with poor responses) in patients with CDI receiving antibiotic treatment 

(metronidazole, vancomycin or fidaxomicin).  However, there are limitations regarding applicability 

of this tool in clinical practice, although ATLAS score correlates with cure it does not correlate with 

recurrence (70). 

 



 45 

b. Clostridiodes difficile Disease (CDD)/Hines VA CDI severity score 

The Hines VA CDI severity score was reported to best predict severe CDI with poor outcome. This 

score included fever, hypotension, elevated white blood cell count and radiological findings on 

computed tomography scan (thickened colonic wall, colonic dilation or ascites). These factors need 

to be assessed soon after a positive test for C difficile toxin and within three days of therapy 

commencement. A score of 3 or more indicated severe CDI (71).  

 

c. Zar score 

The Zar score assess the severity of CDI and identify patients who may require more treatment 

interventions, complications and mortality. It is calculated by summing points based on clinical and 

laboratory factors. The total score ranges from 0 o 6, with higher scores indicating more severe CDI. 

A score of 2 or more is often used to classify CDI as severe (6,72). 

 

d. Hensgens score 

The Hensgens score is a tool to assess the risk of a complicated course of CDI. The score helps 

clinicians to identify patients at higher risk for complications. The score is calculated based on the 

combination of patient characteristics and clinical factors; points are assigned based on the 

presence or absence of certain clinical risk factors. The score ranges from -3 to 8, a higher score 

indicates a higher risk of complication (73,74) 

 

e. Shivashankar score 

The Shivashankar score, developed by Shivashankar in 2014, is a risk assessment tool used to predict 

severe or complicated CDI outcomes. It helps to identify patients at higher risk for complications like 

ICU admission, colectomy or death. The score considers factors like age, WBC count, creatinine 

levels and medication use (75,76). 

 

f. Clostridium difficile Severity Score (CDSS) 

The CDSS is a clinical predictor rule used to identify patients with severe CDI. It is based on three 

factors: age, serum creatinine and white blood cell count. The CDSS helps clinicians determine which 

patients are at higher risk for complications. A score of 3 indicates a high risk of severe CDI (77).  

 

 



 46 

g. IDSA/SHEA and ESCMID severity criteria 

CDI are categorized into non-severe, severe and fulminant, according to IDSA/SHEA guidelines 

(57,66), non-severe CDI is defined as an infection with white blood cell (WBC) £15 000 cells/mL and 

serum creatinine of <1.5 mg/dL. The ESCMID guidelines (78) have a similar WBC count cut-off point 

but add that creatinine level should be £50% above baseline and core temperature £38°C at 

presentation. 

 

IDSA/SHEA defines severe infection as a WBC > 15000 and a serum creatinine of 1.5 mg/dL, while 

ESCMID stipulate the same WBC as IDSA/SHEA or creatinine level >50% of baseline or core body 

temperature >38.5°C, with additional factors, such as dilatation of the large intestine, colonic wall 

thickening or a pericolonical fat standing at imaging (29). 

 

Fulminant CDI is denoted by hypotension or shock, ileus or megacolon according to IDSA/SHEA 

guidelines (57), while ESCMID guideline define it as the presence of hypotension, septic shock, 

elevated lactate, ileus, toxic megacolon, bowel perforation or a fulminant course attributed to CDI 

(78). 

Table 3 Comparative table of CDI severity scores 

 
Adapted from: Validation of Clinical Risk Models for Clostridiodes difficile-Attributable Outcomes Antimicrob Agents Chemother 66:e00676-22(68) 
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1.5 Clostridiodes difficile infecVon in Special High-Risk PopulaVons 

Several patient groups are frequently exposed to healthcare environments and simultaneously 

affected by underlying conditions that can increase the prevalence, severity or atypical presentation 

of CDI. 

 

1.5.1 Criscally ill pasents with CDI: 

CDI represents a significant burden in patients admitted to ICUs due to its high prevalence and 

elevated complication rates. It is estimated that around 11% of episodes of diarrhea in ICU patients 

are due to CDI. This infection may determine a higher length of ICU and hospital stay, and a higher 

overall mortality rate that can reach 30%. Observational studies have shown that patients with CDI 

in the ICUs also had a higher risk for complications such as shock, surgical interventions and complex 

clinical courses (79). 

 

Severe colitis may present with fever, abdominal pain and distension. Notably, up to 20% of patients 

with CDI in the ICU can present ileus without diarrhea which complicates the diagnosis of this 

infection. Analytical findings, such as leukocytosis, bandemia and increased serum lactic 

dehydrogenase levels may lead to suspicion of CDI in these patients. Up to 20% of these patients 

may require colectomy or other surgical procedures. Early surgery can reduce mortality and may be 

more beneficial in patients aged 65 years or more (79). 

 

1. 5.2 Oncological pasents with CDI: 

Patients with cancer can exhibit CDI rates due to frequent exposure to well-established risk factors, 

including recurrent hospitalizations, immunosuppression, antibiotic use (both prophylactic and 

therapeutic purposes), chemotherapy and the use of enteral and parenteral nutrition (80). 

 

Similarly, some chemotherapy drugs, such as platinum-based agents, taxanes and DNA-

topoisomerase inhibitors, have been implicated in a higher risk of CDI. However, other studies have 

failed to find a consistent association between specific chemotherapy agents and CDI incidence (79). 

 

The pathogenesis of chemotherapy-related CDI is not fully understood. One suggested mechanism 

is chemotherapy-mediated fecal microbiota disruption, which creates an environment that is 

appropriate for C. difficile growth. Other possible mechanisms are inflammatory changes in the 
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intestinal mucosa, a decrease in C. difficile toxin deterioration and cancer-related immunological 

changes that could predispose patients to CDI (80). 

 

1.5.3 Transplanted pasents: 

Transplanted recipients, including those undergoing solid organ transplantation and hematopoietic 

stem cell transplantation, have significantly elevated risks of CDI compared to the general 

population. Diarrhea can be a very common complication in both solid organ transplant and 

hematopoietic stem cell transplant recipients. In addition to infectious causes such as C.difficile and 

cytomegalovirus, massive use of antibiotics (mainly for treatments but also for prophylaxis), long 

hospital stays, surgery, immunosuppressants, chemotherapy and graft-versus-host disease (81,82). 

Hematopoietic stem cell transplant recipients are approximately nine time more likely to develop  

CDI than the general population, with the highest incidence occurring in the early post-transplant 

period (83). This fact, together with the use of conditioning chemotherapeutic regimens, suggests 

that C. difficile colonization prior to transplant has a relevant role in many of these patients. The 

frequency of pseudomembranes is low in hematological patients, which may be related to their 

limited inflammatory response due to immunosuppression (79). 

 

On the other hand, solid organ transplant recipients have up to five times higher risk of CDI than 

other patients and is related to the frequent exposure to common risk factors for CDI, such as 

hospital environment, antibiotic and immunosuppressive therapies (79). This group also presents 

diagnostic difficulties because diarrhea is a very common complication and can be caused by 

infectious and non-infectious conditions. Immunosuppressive drugs themselves are a frequent 

cause of non-infectious diarrhea, with C. difficile, cytomegalovirus and norovirus being the most 

frequent infectious causes (82). 

 

1.5.4 Inflammatory bowel disease pasents: 

Patients with inflammatory bowel disease (IBD) are more frequently diagnosed with CDI than the 

general population and represents an important burden on patients with IBD because of the greater 

healthcare costs and increased need for surgical treatment. Detection of this infection could be 

more difficult in these patients, because symptoms, such as abdominal pain and diarrhea, could be 

due to an exacerbation of IBD (84). 
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CDI risk appears to be higher in ulcerative colitis than Crohn’s disease, likely due to more extensive 

colonic involvement. IBD treatments such as corticosteroids and immunomodulators may impair 

host defense mechanisms, particularly in individuals with compromised integrity (1,85). These 

patients often require hospitalization and frequently undergo endoscopic and surgical procedures 

which also increase the risk of CDI (79). 

 

There are no clear recommendations with respect to the maintenance or modification of IBD 

treatment during CDI. One multicenter retrospective study revealed that patients treated with 

immunomodulators plus active treatment against CDI more frequently presented in-hospital 

megacolon, bowel perforation, hemodynamic shock or respiratory failure, and the primary 

composite outcome was death or colectomy within 3 months of admission (86). 

 

Giving the high rate of asymptomatic C.difficile colonization, diagnostic limitations and the risk of 

severe complications, clinicians must maintain a high index of suspicion for CDI in IBD patients 

presenting with gastrointestinal symptoms (79). 

 

1.5.5 Renal disease pasents: 

Patients diagnosed with chronic kidney disease (CKD) are at increased risk of CDI due to frequent 

hospitalizations, recurrent antibiotic use, gastric acid suppression and altered gut motility, all of 

which can promote intestinal dysbiosis. Careful antibiotic stewardship is especially important in this 

population, both to mitigate nephrotoxicity and to reduce CDI risk (1,87). 

 

1.5.6 Pregnant women 

Pregnant women are generally considered at low risk of CDI, because pregnant woman are usually 

young and healthy people. However, pregnancy, peri and the postpartum period put women at an 

increased risk of developing CDI. Main risk factors are prior antibiotic therapy and hospitalization. 

Other risk factors recognized are gestational diabetes, cesarean delivery, age ³35 years old, 

inflammatory bowel diseases, smoking, multiple pregnancies, presence of co-infections during 

pregnancy, chronic steroid therapy, obstetric complications and prior surgery. CDI in pregnant 

women can cause systemic manifestations and pose the risk of complications for both the mother 

and the fetus (79,88). 
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1.5.7 Pediatric pasents: 

During the first months of life, colonization by C. difficile is common, reaching its peak by the end of 

the first year of age. Children under 1 year of age are typically excluded from benign defined as CDI 

due to the high rate of asymptomatic carriers, the absence of toxin A/B receptors in their immature 

colon and the high prevalence of diarrhea due to other etiologies (89). 

 

Despite high rates of colonization, children appear to be less affected by active infection compared 

to adults, the reasons are not yet well understood but some hypotheses have been proposed over 

the years. The first hypothesis concerns the absence of C.difficile toxin receptors in infants, 

additionally age-dependent changes in intestinal microbiota have been proposed as protective 

factors against active infection, as well as the transplacental transfer of maternal antitoxin 

antibodies to newborns (90) 

 

Severe complications of CDI, especially fulminant CDI and PMC are not commonly observed in 

children. The clinical presentation of CDI in these patients consists in most cases of mild to moderate 

diarrhea. Fortunately, the hypervirulent strain (027) has only been detected infrequently in pediatric 

patients  (79). 

 

1.6 Diagnosis of CDI 

The diagnosis of CDI is primarily clinical but must be supported by laboratory testing when 

necessary, imaging and endoscopic findings. Prompt diagnosis is essential to guide appropriate 

patient management and to implement infection control measures, particularly in hospital settings 

 

1.6.1 Stool examination: 

Stool-based diagnostic testing is central to confirming CDI. According to the Infectious Diseases 

Society of America (IDSA) guidelines, CDI should be suspected in patients presenting with 

unexplained, sudden onset of three or more unformed stools within 24 hours (57).  

 

Diagnosis is based on detection of C. difficile toxins directly in a stool sample. Laboratories should 

only process liquid or formless stool samples, Bristol type 6 or type 7 (Figure 7) to prevent testing 

asymptomatic carriers, except in cases of paralytic ileus, where rectal swabs may be accepted for 

testing (29,64). 
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Figure 7. Bristol Stool Scale 

Adapted from: Bristol Stool Chart: Types of Poop Web MD (91) 

 

Routine repeat testing for C. difficile during the same diarrheal episode is not recommended, except 

during outbreak investigations. Notably, toxins may still be detectable in stools up to six weeks after 

treatment and resolution of diarrhea (92). 

 

In pediatric patients, due to the high prevalence of asymptomatic carriage of toxigenic C. difficile in 

infants, testing for CDI should never be routinely recommended for neonates or infants ≤12 months 

of age with diarrhea. In children ≥2 years of age, C. difficile testing is recommended for patients with 

prolonged or worsening diarrhea and risk factors (underlying inflammatory bowel disease or 

immunocompromising conditions) or relevant exposures (contact with the healthcare facilities or 

recent antibiotics) (57). 

 

Testing on the same day of stool collection is highly recommended, if not possible, stool samples 

should be stores at 4°C for maximum 72 hours. Stool samples should be collected before starting 

CDI treatment, to avoid false-negative tests (93). 
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The classical method to detect the free toxin directly from the stool sample by the cell cytotoxicity 

neutralization assay (CCNA) has historically been the standard for the diagnosis of CDI. The other 

possibility is to isolate the C.difficile strain from the stool sample on selective media in an 

appropriate anaerobic environment and detect the toxin production of the isolated strain by any 

toxin detection method, this is referred to as toxigenic culture (TC) (94). CCNA and TC are accurate 

but no longer used in routine practice because they are not advantageous in terms of time and 

resources (95). 

 

In most routine laboratories other diagnostics tests are used on stool samples, C.difficile-specific 

antigens detected using enzyme immune assays (EIAs) for glutamate dehydrogenase (GDH) and 

toxins (TcdA and/or TcdB) and acid amplification tests (NAAT) (95). 

 

GDH is a metabolic enzyme expressed at high levels by all strains of C. difficile, both toxigenic and 

non-toxigenic strains. It shows high sensitivity and a favorable negative predictive value. It is 

frequently used as a screening test for CDI. On the other hand, NAAT include polymerase chain 

reaction (PCR), they detect the presence of a toxin encoding genes, confirming the presence of C. 

difficile toxin-producing strain, but it does not necessarily mean that the strain produces any toxins 

at the moment. As GDH, they have high sensitivity and high negative predictive value (sensitivity 80-

100% and specificity 87-99%). The specificity is especially high, reaching 95%, when a negative result 

is obtained, in this situation, another cause of diarrhea should be considered (64,93).  

 

The IDSA/SHEA and the European Society of Clinical Microbiology and Infectious Diseases (ESCMID)  

guidelines stated that no single test is suitable as a stand-alone test confirming CDI. (57,66,78). For 

this reason, a 2-step testing approach is recommended for the presence of bacterium and its toxins. 

It uses a combination of EIAs for GDH and TcdA/TcdB, GDH is used as a screening test, if the result 

is negative, it rules out CDI. A diagnosis of CDI is made if the combined tests are positive. Discordant 

tests such as a positive GDH and a negative toxin are further clarified with PCR. A negative PCR rules 

out infection and a positive PCR diagnoses CDI. A flow chart for CDI diagnosis is presented on Figure 

8. (29) 
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Figure 8. Algorithm for Clostridiodes difficile infection diagnosis 

Adapted from: Clostridiodes difficile: A concise Review of Best Practices and Updates Journal of Primary Care & Community Health. 

2024;15 

 

1.6.2 Imaging 

Imaging studies are not routinely needed for CDI diagnosis but play a crucial role in evaluating severe 

or complicated CDI. Abdominal imaging (X-ray or ultrasound) could reveal distended bowel loops, 

often with wall thickening. Computed tomography of the abdomen and pelvis with oral and 

intravenous contrast is useful among patients with severe CDI, helping to evaluate for presence of 

toxic megacolon, bowel perforation or other finding warranting surgical intervention (76). 

 

1.6.3 Endoscopy 

Endoscopic evaluation is useful, but it is not performed in patients with uncomplicated CDI that was 

confirmed with immunological test. Endoscopy is indicated if diagnostic problems occur, namely a 

typical CDI presentation with negative C. difficile test results, no response to standard course of 

antibiotics or when an alternative diagnosis is suspected and direct visualization and/or biopsy of 

the bowel mucosa is needed. When gastrointestinal endoscopy is performed an elevated risk of 

perforation and bleeding must be taken into account, particularly in cases of fulminant CDI (64). 
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The typical endoscopic CDI presentation is PMC. Pseudomembranes are lesions of approximately up 

to 2 cm in diameter, usually yellow or white, irregularly distributed in the colon, and attached to the 

mucosa. However, not all patients with CDI have pseudomembranes and their absence does not 

rule out CDI (96). PMC can be caused by several different etiologies, like inflammatory bowel 

disease, ischemic colitis and other infections like cytomegalovirus (CMV) or enterohemorrhagic 

Escherichia coli O157:H7 (97). 

 

1.7 Treatment of CDI 

Antibiotics remain the cornerstone of CDI treatment. Historically, metronidazole, vancomycin and 

fidaxomicin have been the most commonly used agents. Until 2014, metronidazole was considered 

the first choice for mild CDI episode, however guidelines have evolved over time, gradually replacing 

metronidazole with vancomycin in both mild and severe cases.  In the latest guidelines updates due 

to a significant reduction in recurrent rates, fidaxomicin is the preferred option in initial non severe 

CDI and the first CDI recurrence. Treatment should only be started in patients with CDI symptoms; 

presence of C.difficile toxin without symptoms of infection is not an indication for treatment  

(66,78,98).  

 

Beyond clinical efficacy, the antibiotic of choice should align with good antimicrobial stewardship 

principles, prioritizing rapid restoration of the gut microbiota to minimize the risk of recurrence (98). 

 

1.7.1 Pharmacological properVes of anVbioVcs used for treatment of CDI 

A comparison of the pharmacodynamic, pharmacokinetic and microbiological properties for oral 

administration of metronidazole, vancomycin and fidaxomicin is shown in Figure 9. 

 

a. Metrondazole: introduced in 1960, is a nitroimidazole ansbiosc used as ansbacterial and 

ansprotozoal medicason. It is effecsve against infecsons caused by suscepsble anaerobic 

organisms such as Bacteroides, Fusobacterium, Peptostreptococcus, Prevotella and 

Clostridium (Clostridiodes) (99). Metronidazole inhibits nucleic acid synthesis by disrupsng 

the DNA of microbial cells. Oral metronidazole is absorbed almost completely (90%) in the 

upper gastrointessnal tract and enters the large intessne primarily through secreson across 

the gut mucosa (98). Although it is not a Food and Drug Administrason (FDA)-approved 

indicason, historically, metronidazole has long been considered a first-line therapeusc 
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opson based on the 90–95% success rate documented in early clinical trials. However, 

surveillance studies have since described an increasing trend in metronidazole minimum 

inhibitory concentrason (MIC) values for common C. difficile strains, which may contribute 

to the increasing number of metronidazole-associated treatment failures observed over the 

past decade. Addisonally, metronidazole can largely affect the gut microbiota because it is 

acsve against anaerobic bacteria, including gram-negasve anaerobes (100). 

 

b. Vancomycin: introduced in 1954, is a glycopepsde ansbiosc with bacteriostasc acsvity that 

inhibits pepsdoglycan biosynthesis in the cell wall in gram-posisve bacteria. It is 

administered mostly intravenously, as it is not absorbed from the intessne. Vancomycin is 

used for the treatment of complicated skin infecsons, bloodstream infecsons, endocardiss, 

bone and joint infecsons and meningiss caused by methicillin-resistant Staphylococcus 

aureus. Orally giving as a treatment for severe CDI has the advantage of acsng only in the 

intessne. Nearly all strains of C. difficile maintain high suscepsbility to vancomycin in vitro, 

also has the potensal to achieve high fecal concentrasons. Vancomycin inhibits various 

aerobic and anaerobic gram-posisve bacteria present in gut microbiota. Under high 

intessnal concentrasons can suppress the Bacteroides/Prevotella group bacteria (99,100). 

 

c. Fidaxomicin: approved by the FDA in 2011, is a narrow-spectrum macrocyclic ansbiosc that 

targets bacterial RNA polymerase, with a bactericidal acsvity against Clostria belonging to 

clusters and gram-posisve non-spore-forming rods and anaerobic gram-posisve cocci. 

When giving orally it is hardly absorbed from the intessne. Fidaxomicin selecsvely 

eradicates pathogenic C.difficile with relasvely li�le disrupson to the mulsple species of the 

gut microbiota due to its li�le effect or no acsvity against gram-negasve aerobic and 

anaerobic bacteria. Fidaxomicin can achieve high fecal concentrasons and exhibit a 

prolonged post-ansbiosc effect (98,100). Clinical trials for approval showed that it is not 

inferior to oral vancomycin; clinical cure was achieved in 77.7% of pasents (Vancomycin 

67.1%), recurrence of CDI was lower (13.3%) than with oral vancomycin (24.0%) (101). 
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Figure 9 Overview of pharmacological properties for oral administration of metronidazole, 

vancomycin and fidaxomicin 
Adapted from Clostridioides difficile infection: are the three currently used antibiotic treatment options equal from pharmacological 
and microbiological points of view? International Journal of Infectious Diseases Volume 124, November 2022, Pages 118-123 
 

d. Tygecicline: is a broad-spectrum protein synthesis inhibitor of the glycylglycine class, acsve 

against gram-posisve, gram-negasve bacteria and anaerobes, including C. difficile, 

Fusobacterium spp, Prevotella spp, Porphyromonas spp and Bacteriodes fragilis group. Data 

confirm that sgecycline ssll maintains very low resistance rates (1%) against C. difficile. For 

this reason, is a good companion drug in severe/complicated CDI cases especially when 

bacterial translocason is suspected (1).  

 

Based on a clinical trial that compared vancomycin and metronidazole treatment in 150 patients 

stratified by disease severity, metronidazole and vancomycin resulted in a clinical cure in 90% and 

98% of patients with mild disease and 76% and 97% of patients with severe disease respectively, 

demonstrating that metronidazole does not perform as favorably as documented in early trials (99). 

https://www.sciencedirect.com/journal/international-journal-of-infectious-diseases/vol/124/suppl/C
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As a result, an update in 2010 IDSA guidelines for CDI treatment recommended against the use of 

metronidazole specifically for patients with severe disease due to lower clinical cure rates (100). 

 

Moreover, a second study demonstrated that metronidazole was inferior to vancomycin by 

showcasing that vancomycin use was associated with a significantly lower 30-day mortality than 

metronidazole. This favorable response was more evident in patients with severe CDI, in which 

vancomycin significantly reduced the risk of all-cause 30-day mortality by 20% (100). 

 

Based on this evidence, the IDSA CDI treatment guidelines published in 2021 recommended against 

metronidazole for all adult patients with CDI and instead recommend vancomycin or fidaxomicin, 

while metronidazole should only be considered in mild cases when the other two agents are 

unavailable (66).  

 

1.7.2 Treatment of first episode: 

 

For non-fulminant CDI, treatment with oral vancomycin or oral fidaxomicin have demonstrated 

similar clinical cure rates. While fidaxomicin and vancomycin have similar efficacy regarding the 

clinical cure or resolution of acute diarrheal disease, many experts prefer fidaxomicin over 

vancomycin as it has been associated with the improved sustained resolution of disease, a shorter 

time to the resolution of diarrhea, and most importantly, a lower recurrence rate. Fidaxomicin has 

demonstrated a relative risk reduction in recurrence of approximately 40–50% in clinical trials, 

which included patients with first or second episodes of CDI. For this reason, IDSA guidelines 

preferentially recommend fidaxomicin for the treatment of the first episode of non-fulminant CDI 

or for first recurrence (66,100). 

 

Treatment of CDI is based on severity (Figure 10). An initial episode of non-fulminant CDI is treated 

for 10 days with oral fidaxomicin 200 mg twice daily or oral vancomycin 125 mg 4 times daily. Oral 

metronidazole 500 mg 3 times daily for 10 to 14 days can be considered if fidaxomicin or vancomycin 

is unavailable (66,78). 

 
If the patient has risk factors for recurrence including a previous CDI, consider using fidaxomicin 

200 mg twice daily for 10 days over vancomycin or using an extended fidaxomicin regimen 
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(fidaxomicin 200 mg twice daily for 5 days then every other day for up to day 25) and adding one 

dose of IV bezlotoxumab 10 mg/kg. Oral metronidazole is not an acceptable treatment for severe 

CDI (29,66). 

 

Bezlotoxumab is a monoclonal antibody against toxin B. A single dose decreases the recurrence rate 

by 10% in patients at high risk of recurrence. It is cost effective as it prevents relapse and 

hospitalization in patients >65 years, immunocompromised or with severe CDI (102). 

 
Fulminant CDI is treated orally or via nasogastric tube with vancomycin 500 mg 4 times daily with 

consideration of adding intravenous metronidazole 500 mg every 8 h. Adding rectal vancomycin 

500 mg in 100 mL normal saline every 6 h should be considered if ileus is present. In the absence of 

supportive data, fidaxomicin is not recommended for the treatment of fulminant CDI (66,103). 

 
Figure 10. Treatment of initial CDI 

Adapted from Clostridiodes difficile: a concise review of best practices and updates, Journal of Primary Care & Community Health. 

2024;15 (29) 

 

1.7.3 Treatment of recurrence 

Recurrent CDI is defined as the return of symptoms of CDI in conjunction with positive laboratory 

testing for C. difficile in a patient who has had an episode of CDI in the preceding 2-8 weeks. 

Treatment of rCDI is a common clinical challenge, a first recurrence is experienced in 20% of CDI 

patients who fail to standard of care antibiotics, and nearly 45 to 65% of these patients will 
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experience multiple recurrences, in addition, the treatment of patients with rCDI is also a challenge 

because conventional antimicrobials are largely ineffective to obtain a global cure without 

recurrences (104–106).  

 

Main risk factors for recurrent CDI include advance age, antibiotic se for non- C.difficile after CDI 

diagnosis, gastric acid suppression, hypervirulent strain NAP1/BI/027, severe underlying diseases 

and/or renal insufficiency, history of previous CDI, previous CDI severity, prolonged hospital stays, 

lack of adaptive immune responses to toxin A and B (107). 

 

The main international guidelines agree in favoring fidaxomicin over vancomycin for initial episode 

of recurrent CDI. Tapered/pulsed vancomycin is recommended as an option for recurrent CDI by all 

the main guidelines. According to IDSA guidelines, bezlotoxumab may be added to the standard of 

care for CDI recurrence (1). 
 

Initial recurrence is treated using oral vancomycin or fidaxomicin in a standard dose or tapered 

regimen. If fidaxomicin was used in the first episode, change to extended fidaxomicin 200 mg twice 

daily for 5 days, followed by 200 mg every other day for days 6 to 25, or vancomycin pulse and taper 

125 mg 4 times daily for 10 days, followed by a tapering dose of twice daily, then once daily, then 

every other day up to 8 weeks. If vancomycin was used in the first episode, change to fidaxomicin, 

either in a standard regimen of 200 mg twice daily for 10 days or an extended regimen. If 

metronidazole was used in the initial treatment, change to fidaxomicin or vancomycin standard 

doses or extended/tapered and pulsed regimens. Adjunctive therapy with a single dose of 

bezlotoxumab IV at 10 mg/kg may be used with antibiotic treatment (66,78) 

 

Second or subsequent recurrences can be managed with a standard dose or extended fidaxomicin 

or taper and pulse vancomycin. An alternative approach involves a combination of oral vancomycin 

(125 mg 4 times daily for 10 days) followed by rifaximin (400 mg 3 times a day for 20 days). 

Bezlotoxumab can be used in conjunction with antibiotics (66,78). 

 

 FMT is recommended for the treatment of a third CDI episode for patients who have relapsed twice 

despite appropriate antibiotic treatment, and it can be considered in refractory or fulminant CDI 

(1,66). 
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1.7.4 Fecal Microbiota TransplantaVon (FMT) as treatment for CDI 

Alterations in the gut microbiota are considered a central factor in the development of CDI. Even 

short courses of antimicrobial therapy can significantly reduce gut microbial diversity and full 

recovery may take months. During this period, patients lack their protective barrier and with 

exposure to spores an infection might develop quickly. Microbiota-based therapies, restore the 

microbiota, restore proteins and bile acids to levels comparable to a healthy individual and prevent 

relapse (1,29,108). 

 

Fecal microbiota transplantation (FMT) is a medical intervention involving the transfer of fecal 

material from a healthy donor to a recipient, with the goal of restoring intestinal microbial balance 

and enhancing clinical outcomes. FMT has gained recognition due to its effectiveness in treating 

recurrent C. difficile infections and other gastrointestinal disorders. Additionally, it has been studied 

as an intervention for some inflammatory bowel diseases (106,108). 

 

The proposed mechanisms involve in FMT in the treatment of rCDI may involve restored 

colonization resistance through bacterial engraftment and modulation of non-bacterial 

components, direct effect on C. difficile through modulation of microbial ecology, inhibition of 

C.difficile growth and germination through bacterial-derived metabolites or modulation of host 

immune responses and epigenetic responses. The main recognized mechanism contributes to the 

restoration of gut microbial functionality (106). 

 

According to IDSA/SHEA and ESCMID guidelines, FMT is recommended as a rescue therapy for 

patients with severe and fulminant CDI refractory to antibiotic treatment and who are not eligible 

for surgery, also in patients with at least two rCDI episodes to prevent further recurrences,  by 

optimizing the donor, FMT exhibits efficacy of 90-90% (66,78,106).  

 

Numerous randomized controlled trials, systematic reviews and meta-analysis have built evidence 

for this indication, examining: FMT relative to comparator (placebo, autologous FMT, no 

intervention, or antibiotics with activity against C.difficile), FMT by different routes of administration 

(enteral tube, oral capsules, colonoscopy or retention enemas) or FMT by different formulations 

(fresh, frozen, lyophilized), however, on the basis of available evidence, it is difficult to conclude the 

ideal dosage, route of administration or formulation of FMT and there is no consensus (106).   

https://www.sciencedirect.com/topics/medicine-and-dentistry/gastrointestinal-disease
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The improvement of FMT treatment response is influenced by four key factors: donor selection, 

recipient preparation, graft production, and FMT implementation and management process, among 

these factors, identifying effective donors is considered the most critical step. FMT response is co-

determinate by factors involving the donor, recipient and medical practitioner  (see Figure 11) (109). 

 
Figure 11. Fecal microbiota transplantation response conditioning factors 

Adapted from: Fecal microbiota transplantation in clinical practice: Present controversies and future prospects, Hlife Volume 2, Issue 

6, June 2024, Pages 269-283(109) 

 

According to international expert consensus donor screening criteria has three stages. The first 

stage is medical and drug history screening, the second stage incorporates life history screening, 

and the third stage adds personal history screening and conducting blood and stool laboratory tests 

(108). Several new factors, including the diversity and specific composition of both donor and 

recipient gut microbiota, the immune system and host genetics are thought to be associated with 

FMT treatment response (109). 

 

In addition, multiple factors related to patient characteristic (presence of inflammatory bowel 

diseases, CDI-related hospitalization before FTM, inpatient location of FMT and administration of 

non-CDI antibiotics), procedural pitfalls (poor quality of bowel preparation before colonoscopy) and 

severity of the CDI may increase the risk of failure up to fourfold after FMT (1). 

 

Manufacturing FMT is poorly standardized, three formulations can be produced, fresh, frozen and 

lyophilized FMT products, which can be administrated as a slurry or in a capsular form. It is 

https://www.sciencedirect.com/journal/hlife/vol/2/issue/6
https://www.sciencedirect.com/journal/hlife/vol/2/issue/6
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challenging to produce FMT treatments that have relative consistency to meet regulatory standards 

as a drug or a biologic, although there do not appear to be significant differences in clinical efficacy 

in preventing rCDI (110) 

 

FMT can be performed through different procedures, including colonoscopy, 

nasogastric/nasoduodenal tube or enema or even oral though laboratory-designed frozen oral 

capsulized preparation (1). 

 

After FMT patients showed increased fecal bacterial diversity, similarly to the healthy donor (Figure 

12). Safety concerns are connected with the delivery method (perforation with colonoscopy, 

aspiration pneumonia with oral administration). Although most side effects are generally mild and 

self-limiting, severe adverse events, including death and hospitalization have been reported 

following FMT. Transient diarrhea and abdominal pain occur in £10% of FMT procedures  (106). 

 

 
Figure 12 Fecal microbiota transplant procedure 

Original artwork by the thesis author 

1.7.5 ProbioVcs 

Probiotics are live microorganisms normally found in the intestinal tract, such as bacteria 

(Bifidobacteria and Lactobacilli) and yeasts (Saccharomyces boulardi). There are dozens of different 

species that have the ability of surviving the digestive action of gastric acid, intestinal enzymes and 

bile salts. They are able to adhere to intestinal cells and begin to colonize them, without giving 
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immune reactions. Probiotics have beneficial effects: antagonistic action against pathogenic 

microorganisms, production of antimicrobial substances and protection of the gut against antibiotic 

associated diarrhea (1,13,111). 

 

The use of probiotics to stop the growth of C. difficile has been assessed using various techniques. 

Several studies show that a few species of Lactobacillus and Bifidobacterium can reduce the 

adherence of C. difficile to the epithelial cell line and mucus of the intestine. Although there is little 

evidence on the potential effectiveness of probiotics in CDI treatment, most clinical investigations 

to date have concentrated on prevention (111,112). 

 

Despite positive reports, the current clinical data are still not sufficient to result in a positive 

recommendation to use probiotics in the treatment of CDI. The main international guidelines do not 

support the use of probiotics in any CDI scenario (66,78). 

 

1.8 InfecVon Control 

Infection control is crucial in preventing the spread of C.difficile in healthcare settings. Rigorous 

infection control practices, including proper hand hygiene, contract precautions and environmental 

cleaning are essential to protect patients and healthcare workers from CDI. 

 

1.8.1 Hand hygiene 

Hand hygiene is the foundation of infection prevention. Implementing strict hand hygiene policies 

for healthcare workers is a key strategy to prevent C.difficile cross-infections in healthcare facilities. 

Alcohol-based hand rubs are not effective in removing C.difficile spores, leading to 

recommendations for hand hygiene preferentially with soap and water before and after caring for 

a patient with CDI.  Handwashing with soap and water is preferred if there is direct contact with 

feces or an area where fecal contamination is likely (perineal region). Alcohol gel dispenser 

commonly used in hospitals have even been shown to act as fomites for C.difficile (57,113) 

Handwashing following the World Health Organization´s 5 moments of hand hygiene is 

recommended. When staff wear gowns and gloves, they must remove them before leaving the 

hospital rooms and then perform hand hygiene. The implementation of hand hygiene programs in 

healthcare settings may have a highly positive impact on improving healthcare workers ‘adherence 

to hand hygiene (113,114). 
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1.8.2 Isolation and contact precautions 

Patients may be exposed to CDI not only because of direct contact with an infected patient but also 

indirectly by contact with a contaminated environment It is recommended that patients with CDI be 

isolated in single rooms and or cohorted with other CDI patients to limit patient-to-patient cross 

transmission (113,115). Furthermore, personal protective equipment (PPE), including gloves and 

gowns should be worn by providers to limit self-contamination with C.difficile and its spores from 

either the patient or the environment around the patient (57). PPE should be removed and 

discarded when exiting the patient room before initiating care with other patients (57,78). 

The duration of isolation for CDI patients is controversial. There is a widespread agreement that 

isolation should be continued until the patient is no longer having diarrhea, however, once the 

patient improves to baseline, there is variability from 24 to 48 h to the duration of stay in the amount 

of additional time on isolation that is recommended. If feasible in terms of space and staff resources, 

continuing isolation for 48h after the resolution of diarrhea is recommended to allow for patient 

hygiene and environmental cleaning (113). 

 

1.8.3 Environmental cleaning 

Similarly to hand hygiene, environmental cleaning procedures are among the interventions with the 

highest theoretical rationale for the control of CDI. Basic rules, such as starting to clean from the 

cleanest toward the dirties zones of the room should be followed. The most effective intervention, 

resulting in a 45% to 85% reduction in CDI, include a daily to twice-daily sporicidal disinfection of 

hospital surfaces, particularly those considered “high touch” like bedrails, door handles and side 

tables, also shared medical equipment such as blood pressure cuffs, glucometers and portable 

equipment that travel between rooms (113,114). 

During outbreak situations cleaning and/ or the use sporicidal disinfectant agents (1:10 sodium 

hypochlorite solution) are part of bundled approaches (114). Other no-touch disinfection systems 

such as continuous ultraviolet germicidal irradiation at the room level have been shown to 

significantly reduce airborne bacteria, with the potential to lower the incidence of CDI (1). 

 

1.8.4 Antimicrobial stewardship programs 

Antimicrobial stewardship involves the development of systematic measures to optimize 

antimicrobial use, decrease unnecessary antimicrobial exposure, and decrease the emergence and 
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spread of antibiotic resistance. These measures directly influence CDI epidemiology by improving 

infection prevention and control measures and promoting appropriate treatment strategies (116). 

In fact, CDI incidence has been used as an indirect index of the effectiveness of antimicrobial 

stewardship programs (ASPs) (Figure 13) (117). 

 
Figure 13 Benefits of Antimicrobial Stewardship Programs 

The purpose of ASPs is to improve the use of antimicrobial agents in every clinical aspect 
Adapted from: Recommendations for implementing Antimicrobial Stewardship Programs in Latin America and the Caribbean (118) 

 

In addition to optimizing the effectiveness of antimicrobial therapies, ASPs also limit the 

unnecessary use of antibiotics thus preserving the normal microbiota. Antibiotics to be targeted 

should be based on the local epidemiology and the C.difficile strains present. Restriction of 

fluroquinolones, clindamycin and cephalosporins (except for surgical antibiotic prophylaxis) should 

be considered (66). Nonrestrictive polices, such as prospective audit and feedback and 

implementation of new hospital procedures or guidelines have demonstrated success, often also 

combined with restrictive strategies (119). 

The impact of ASPs on C. difficile risk is documented in multiple systematic reviews that calculate 

significant pooled risk reductions of 43%–52% in C. difficile infections as a result of ASP interventions 

(120,121). 

International guidelines recommend that every health care facility should have an ASP, including 

C.difficile rates as an indicator outcome along with other antimicrobial resistance pathogens and 

antimicrobial use quantification (57). 
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1.9 Surveillance of anVmicrobial consumpVon 

 

Although the association between antimicrobial consumption (AMC) and the risk for developing CDI 

is well established, the risk profile of antimicrobial groups or individual antimicrobial agents is 

insufficiently characterized (122).  This information could guide ASP interventions to prevent 

irrational use of antimicrobials or even C.difficile outbreaks in the hospital and community settings. 

 

AMC quantification is part of the main objectives of ASP. It involves measuring and analyzing the 

amount of antimicrobial used, allowing for the identification of trends and areas of improvement in 

antimicrobial prescribing practices(123,124). 

 

The monitoring of antimicrobial consumption in hospitals uses aggregated local data sources, such 

as hospital pharmacy dispensing or procurement databases. This allows healthcare facilities to 

continuously monitor antimicrobial consumption and inform antimicrobial management on a 

routine basis. To obtain more accurate information on actual antimicrobial use, hospitals need 

patient-specific information from medical records. Although they provide valuable information on 

prescribing practices and use, patient-level data for consumption is not always available in many 

hospitals. Each source of information complement each other and should be employed according 

to hospital-specific objectives and needs (125). 

 

1.9.1 The anatomical therapeutic chemical/defined daily dose system 

 

There is a need for a common system of classification and standard metrics to facilitate comparisons 

of AMC between health facilities, between countries and between regions. The most used 

classification system is the anatomical therapeutic chemical (ATC), and the most used measurement 

metric is the number of defined daily doses (DDDs). In ATC classification, the active substances are 

divided into different groups according to the organ or system in which they act and their 

therapeutic pharmacological and chemical properties (126). On the other hand, the DDD is the 

assumed average maintenance dose per day for a medicine used for its main indication in adults. A 

DDD is only assigned for drug that already have an ATC code. The DDD is only a technical unit of use, 

it does not necessarily reflect the recommended or average prescribed dose. There are no separate 

DDDs for children (127). 
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Since changes in ATC codes or DDD values are possible, it is important that the ATC/DDD version 

that has been used for the calculations is noted and reported with the data (125). 

 

The number of DDDs is calculated as follows: 

 
The number of DDD provides a measure of extend of use, however for comparative purposes these 

data are usually adjusted for population size or population group or hospital activity depending on 

the level of data desegregated (128).   

 

Standardization by hospital activity data allows the comparison of data from different time periods 

and from different hospitals or hospital units. Information on hospital structure and hospital activity 

data is normally provided by the hospital administration. A selected hospital activities description is 

provided bellow(125): 

• PaVent days (PD): the sum of pasent days for a defined period of sme 

• Bed days (BD): sum of bed days of a defined period of sme in which the unite was acsve 

• Occupied bed days (OBD): sum of occupied bed days in a defined period of sme 

• Admissions (ADM): sum of pasents admi�ed in a defined period of sme 

• Discharges (DIS): sum of pasents discharged in a defined period of sme 

 

At a hospital level, the most frequently used denominators are: 100 or 1000 OBD and 100 or 1000 

ADM (or DIS), while at community level, the most frequently used unit is DDD/1000 inhabitants 

(124). Calculation of DDD/100 OBD and DDD/100 DIS follows the next formula:  

 
 

The indicator DDD/100 OBD expresses hospital exposure to antibiotics, but it does not describe the 

density of employment, since it does not provide information on the number and proportion of 

patients treated with antimicrobials, while the use of DDD/100 DIS provides information on 
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exposure per patient and helps to interpret consumption trends over time as they show changes in 

hospital activity. Both measurement units are complementary to interpretate AMC in hospital 

settings (129). 

 

1.9.2 Other unit of measurement of antimicrobial consumption  

 

Even though WHO ATC/DDD methodology allow the comparison of AMC between different setting 

and between different drugs, they do not reflect the actual dosage used for individual patients or 

specific patient populations and their use is not recommended in children (130). For this reason, 

other AMC indicators like days of therapy (DOTs), length of therapy (LOTs) and prescribed daily dose 

(PDDs) have been proposed (131).  

 

• Days of therapy (DOTS) are defined as the number of days that a pasent receives ansbioscs 

regardless of the dose. When a pasent receives more than one ansbiosc, more than one 

DOT may be counted  

 

• The length of therapy (LOT) is the number of days that a pasent receives systemic 

ansmicrobial agents, irrespecsve of the number of different ansbioscs. 

 

• Prescribed daily dose (PDD) is derived from actually prescribed/administrated dose to a 

pasent. It is the average dose prescribed according to a representasve sample of 

prescripsons. The PDD will give the average daily amount of a drug that is actually 

prescribed. 

 

The monitoring of antimicrobial consumption is usually presented as a report that records the 

periodicity of measurement, the healthcare setting studied and the level of data aggregation. As 

part of WHO essential medicines list, in 2017 it was introduced a new categorization of antibiotics 

to guide prescriptions and treatment. The categorization is called AWaRE and is based on a 

methodological approach that takes into consideration treatment guidelines and infectious 

diseases.  
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1.9.3 AWaRe classification of antibiotics for evaluation and monitoring use 

 

The WHO's AWaRe classification of antibiotics (Access, Watch, Reserve) is a tool to promote 

appropriate antibiotic use and curb antimicrobial resistance. It categorizes antibiotics based on their 

spectrum of activity, potential for resistance, and intended use, guiding clinicians on when to use 

which antibiotics. The Access group contains first-choice, narrow-spectrum antibiotics, while the 

Watch group includes broader-spectrum antibiotics used more cautiously. The Reserve group is 

reserved for last-resort situations against multidrug-resistant infections (127,132). 

 

The overall goal is to reduce the use of Watch and Reserve group antibiotics and to increase the 

relative use and the availability of Access group antibiotics where needed. The concept of AWaRe 

combined with a simple traffic light system used for graphical presentation, may help to raise 

awareness and understanding of the concept of broad-spectrum and narrow-spectrum antibiotics 

(125). Figure 14 includes a selection of antibiotics according to the AWaRe classification (133) 

 

 
Figure 14 WHO AWaRe classification for antibiotics Adapted from Encouraging AWaRe-ness and discouraging 

inappropriate antibiotic use—the new 2019 Essential Medicines List becomes a global antibiotic stewardship tool The Lancet Infectious 

Diseases, Volume 19, Issue 12, 1278 – 1280 (133) 

 

 

 

 



 70 

1.10 Overview of Costa Rican Public Healthcare System 

 

Costa Rica is an upper-middle-income country in Central America, with a population of 5 million, 

mostly urban and concentrated around the capital, 72% live in urban areas and 62% in the 

metropolitan region (134). 

 

The foundation of Costa Rica´s healthcare system lies in tis social security institution Caja 

Costarricense de Seguro Social (CCSS) created in 1941. It emerged from a social agreement 

between the government, employers and workers to provide universal access to healthcare. 

With a coverage of nearly 95% of the population, including vulnerable groups such as the elderly 

and low-income individuals, is ranked among one of the best Latin America health systems with 

health outcomes comparable to those of high-income nations, with life expectancy exceeding 

80 years and low infant and maternal mortality rates (135) 

 

The Costa Rican public health care system is structured into three integrated levels of care with 

a total of 1000 primary care attention centers, 29 hospitals: 3 national (located in the 

metropolitan area), 6 specialized, 8 regional, and 12 peripherals (136):  

• Primary Care: Delivered through EBAIS (Equipos Básicos de Atención Integral en Salud), 

which are community-based multidisciplinary teams offering preventive care, chronic 

disease follow-up, maternal-child care, and vaccinations. These teams are supported by 

shared staff, including social workers, nurses, nutritionists, pharmacists, microbiologists, 

and medical records technicians 

• Secondary Care: Provided in regional hospitals, covering general medical and surgical 

services, diagnostic imaging, and some specialty consultations. 

• Tertiary Care: Offered by high-complexity national hospitals, which manage specialized 

procedures, transplants, and complex surgeries. 

A critical component of the Costa Rican public healthcare system is the "List of official medicines 

(LOM). The LOM is a formulary of approved medications that the CCSS provides free of charge to 

insured patients, based on scientific evidence, cost-effectiveness, and national epidemiological 

needs (137). 
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Implications and Benefits of the LOM: 

• Equity and access: Guarantees universal access to essential and high-priority medications, 

regardless of patients' income or location. 

• Rational use of medicines: Encourages evidence-based prescribing and limits unnecessary 

or inappropriate use. 

• Budget control: Helps the CCSS optimize pharmaceutical spending by prioritizing cost-

effective therapies. 

• Periodic updates: The LOM is reviewed and updated regularly by a technical committee of 

experts to include new treatments and generic alternatives based on updated evidence and 

public health priorities. 

1.11 Project jusVficaVon 

CDI is a significant healthcare-associated condition, linked to increased morbidity, extended hospital 

stays, and substantial healthcare costs. Its development is strongly associated with the use of 

specific medications, particularly antimicrobials and proton pump inhibitors (PPIs) which are 

considered the most relevant modifiable risk factors. 

In Costa Rica, scientific evidence at population and ecological level regarding the relationship 

between antibiotic use and PPIs with nosocomial CDI is scarce. This gap limited the ability of ASP, 

Infection Control Units, Pharmacotherapy Committees, and Pharmacy Services to make data-driven 

decisions to mitigate the incidence of this infection. 

This work is guided by the hypothesis that the exposure of certain families of antibiotics or specific 

molecules such as third generation cephalosporins, clindamycin and carbapenems and PPIs may be 

related to a greater risk of generating hospital acquired CDI. 

 

The research conducted addressed this critical evidence gap by analyzing the epidemiological and 

clinical characteristics of nosocomial CDI, along with patterns of antimicrobial and PPI consumption, 

in tertiary-level hospitals within Costa Rica’s Social Security system (CCSS). The study focused on 

identifying risk factors associated with CDI, particularly medication use, over the period 2019–2021, 
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while also assessing medication consumption trends from 2017 to 2021 using Defined Daily Doses 

(DDD) per 100 bed-days and per 1,000 discharges and correlating them with CDI incidence. 

Furthermore, the research considered the potential impact of the COVID-19 pandemic on 

medication use trends, which may have influenced the epidemiology of CDI in recent years. 

By generating robust, context-specific data, this study provides valuable insights into which 

antimicrobials, antimicrobial groups, present the greatest risk for nosocomial CDI in the Costa Rican 

hospital setting. These findings offer critical evidence to support decision-making by ASP teams and 

institutional governance bodies, aiming to improve medication management, reduce infection 

rates, and contain the clinical and economic burden of CDI within the public health system. 
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Hypothesis and Objectives 

The hypothesis that was put forward before the completion of this doctoral thesis is that in general 

tertiary care hospitals of the Social Security in Costa Rica (CCSS), the use of antimicrobials (such as 

third-generation cephalosporins, clindamycin, and carbapenems) and PPIs are the most important 

risk factor for the development of nosocomial CDI. Furthermore, the COVID-19 pandemic has led to 

an increase in in-hospital use of antimicrobials and PPIs, increasing the risk of nosocomial (hospital 

acquired) CDI. 

The general objective of this doctoral thesis was to analyze the incidence, clinical characteristics, 

and risk factors for the development of nosocomial CDI in patients admitted to general tertiary care 

hospitals of the Social Security in Costa Rica from 2019 to 2021, as well as the trends in antimicrobial 

and PPI use and its association with the nosocomial CDI rate in these hospitals from 2017 to 2021. 

To meet this objective, two studies and an individual analysis were designed with the following 

specific objectives 

Individual analysis:  

To determinate the monthly incidence rates of nosocomial CDI, epidemiological and clinical 

characteristics of the population in study throughout the period 2019 to 2021. 

To explore the association between the epidemiological and clinical characteristics of the population 

in study and the risk of nosocomial CDI throughout the period 2019 to 2021. 

First study: 

To describe and analyze antimicrobial consumption trends in Social Security tertiary care hospitals 

across Costa Rica and throughout the period of 2017-2021, using both DDD/100 bed days and 

DDD/100 discharges as measurements of hospital activity. 

Second study: 

To investigate the association between antimicrobials and PPI consumption with nosocomial CDI in 

Social Security tertiary care hospitals across Costa Rica and throughout the period of 2017-2021. 
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The analysis of the incidence, clinical characteristics, and risk factors for the development of 

nosocomial CDI in patients admitted to general tertiary care hospitals of the Social Security in Costa 

Rica from 2019 to 2021, as well as identification of the trends in antimicrobial and PPI consumption 

and its relationship with the nosocomial CDI rate in these hospitals from 2017 to 2021 were 

performed through three studies, two of three studies have been properly published. 

Hospital setting: these studies were performed at general tertiary care hospitals of the Social 

Security in Costa Rica, according to the available data, two out of the three hospitals in this group 

were include: Hospital San Juan de Dios (635 beds) and Hospital México (466 beds). According to 

Social Security statistics, these hospitals are academic centers with the highest complexity level of 

health attention, that provide care for approximately 85% of the Costa Rican population, in intensive 

care units, medical and surgical services. Study protocol was approved by the Costa Rican Social 

Security Ethics Committee: CEC-CENTRAL-CCSS, Protocol #R022-SABI-00319. 

A detailed description of the specific methodology of each study is provided below. 

 

3.1 Population-based study "Antimicrobial, PPIs exposure and risk factors for hospital-acquired 

Clostridiodes difficile infection: A propensity score matched study" 

 

3.1.1 Study design 

This retrospective observational case-control study was conducted from January 1st, 2019, to 

December 31st, 2021. All patients with HA-CDI were identified according to Infectious Diseases Unit 

and Clinical Laboratory records.  

 

3.1.2 Patients and variables 

All patients admitted to an inpatient medica, surgical or intensive care unit at the participating 

hospitals in the period spanning January 1st, 2019, and December 31st, 2021, with a hospital stay of 

three days (72 hours) or more. Admissions from emergency services, pediatric hospital wards as 

well as any units that do not generate discharges or occupied bed days were excluded from the data 

collection process.  

Included cases had the diagnostic characteristics described in the local guidelines for the 

management of the CDI that corresponds with the definition of HA-CDI described in the IDSA/SHEA 

guidelines: onset of watery diarrhea or unformed stools (type 5 to 7 on the Bristol scale), with three 
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or more episodes in the last 24 hours of hospitalization, with a positive laboratory test of GHD 

antigen, toxin A and/or B and PCR molecular testing if necessary. Patients with evidence of PMC 

diagnosed by endoscopic examination, surgery or histopathology were also included. Also, patients 

with nosocomial rCDI were identified, a recurrence is defined as the presence of diarrhea with a 

new positive test within two to eight weeks after the first episode (determinate by the initial 

laboratory test date, pathological or endoscopic diagnosis) proving that there was an asymptomatic 

period between both episodes.   

Controls were identified with all patients admitted at the participating hospitals in the same period 

of study with 3 days or more of hospital stay that presented watery diarrhea or unformed stools 

(type 5 to 7 on the Bristol scale), with three or more episodes in the last 24 hours of hospitalization 

that presented negative laboratory test for HA-CDI. 

Patients with a clinical history of watery diarrhea or unformed stools without laboratory, endoscopic 

or pathological tests, patients with diagnosis of CA-CDI or occupational CDI were excluded.  

Data recorded were collected form clinical the electronic health record system (Unique Digital 

Health Record, EDUS form its acronym in Spanish) implemented in Costa Rica, which integrates 

comprehensive real-time access to clinical data (medical history, prescriptions, laboratory test 

results).  

An anonymized form was previously designed for data collection. Epidemiological data included age, 

sex, hospitalization ward (medica, surgical or ICU), previous medical admission within 8 weeks, 

underlying diseases and their severity according to the Charlson Comorbidity Index Score, use of 

immunosuppressive agents, inflammatory bowel disease, COVID-19, septic shock and presence of 

other concomitant infectious diseases, length of stay, use of antimicrobials, number of 

antimicrobials used, use of PPIs (oral and/or intravenous) and in-hospital death. For cases variables 

such as episode severity, treatment received, and clinical outcomes (in hospital death and CDI 

related death) were also included. A total of three controls for each case were collected.  

 

3.1.3 Statistical analysis 

Baseline categorical variables were presented as percentages and were compared using X2 or Fisher 

exact test when appropriate. Continuous variables were described as mean and were analyzed by 

t-test.  

Due to imbalances in the baseline characteristics of the cases and controls, a propensity score 

matching was performed to reduce potential bias. This analysis was performed through logistic 
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regression and using a one to one nearest-neighbor matching without replacement, with treatment 

with ICD as the dependent variable. Variables identified by a literature search as previously 

associated with CDI like age, diseases and their severity (Charlson comorbidity score), inflammatory 

bowel diseases and use of immunosuppressive agents were included as independent variables. The 

caliper was set to a width equal to 0.2.  

Also, a risk factor analysis was conducted, adjusted risk of CDI with antibiotics and PPIs was 

identified using Odds ratio (95% IC), additionally a univariate and multivariable logistic regression 

models for epidemiological and clinical factors (excluding antimicrobials and PPIs) were performed. 

Finally, an all-cause and disease-specific mortality study was conducted with the cases in the 

matched cohort. CDI-attributable mortality and all-cause mortality were analyzed with Gray test 

and Kaplan Meir graphic. P<0.05 was considered to indicate statistical significance in all analyses. 

Statistical analysis was performed using SAS Studio OnDemand for Academics (SAS Institute Inc., 

Cary NC, USA) Version 3.81 (Edition Enterprise) 

 

3.2 First study: “Trends in Antimicrobial Consumption in Tertiary Care Hospitals in Costa Rica from 

2017 to 2021: A comparative analysis for defined daily doses per 100 bed days and per 100 

discharges”(138) 

 
3.2.1. Setting and Study Design 

Retrospective observational study of antimicrobial consumption in tertiary care hospitals of the 

social security in Costa Rica 

 

3.2.2 Data Collection 

Data were collected monthly, starting from January 2017 and ending in December 2021, with the 

support of the pharmacy department software “Integrated Pharmacy System” (SIFA). Sixty-one 

antimicrobials for systemic use (J01, J02 and J05), according to the WHO-ATC classification, 

representing 46 different active principles, were included in the antimicrobial consumption 

quantification. Pediatric hospital wards, as well as units that do not generate high rates of discharge 

or occupied bed days (e.g., emergency services) were excluded from the data collection process. A 

description of the AMC per group and per specific antibiotic was included. Global consumption 

trends for antimicrobials groups and according to the WHO AWaRe classification were calculated 

and expressed in DDD/100 bed days and DDD/100 discharges, employing the WHO ATC-DDD Index 
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2023 for all five years as the assumed average maintenance dose per day for a drug used for its main 

indication adults. Before starting the study, responsible pharmacists were trained in WHO ATC-DDD 

calculation and the usage of the DDD Excel Calculator to guarantee a homogeneous collection of 

data. 

 

3.2.3. Statistics Analysis 

Trends in antimicrobial consumption were analyzed using a simple linear regression model to 

determine potential differences in antimicrobial usage throughout the period of the study. Simple 

linear regression was used to determine whether there was a significant difference between the 

calculated coefficient and zero. 

The equation for the simple linear regression is 

Y = β0 + β1X + ϵ 

where Y: antimicrobial consumption rate in DDD/100 bed days or DDD/100 discharges (dependent 

variable), β0: the intercept (the estimated antimicrobial consumption when X = 0, or the starting 

point), β1: the slope (the estimated change in antimicrobial consumption per year), X: the year or 

time (independent variable), and ϵ: the error term (captures the variability not explained by the 

linear relationship) If β1 (the slope) is positive, it suggests an increasing trend in antimicrobial 

consumption over the 5-year period; if β1 is negative, it indicates a decreasing trend; and if β1 is 

close to zero and not statistically significant, it suggests no significant trend in consumption over 

time. 

The comparison of DDD, patient days, discharges and average bed days between 2017 and 2021 

was carried out using the Wilcoxon signed-rank test. Additionally, the average annual percent 

change (AAPC), with 95 percent confidence intervals, for different classes of antibiotics was 

incorporated into the analysis to measure the average percentage change in AMC over time, 

combining the year-to-year fluctuations into a single value. p values of <0.05 were considered 

statistically significant. Statistical analysis was performed using Microsoft Excel (Microsoft 

Corporation, Redmond,WA, USA) and SAS Studio OnDemand for Academics (SAS Institute Inc., Cary, 

NC, USA). 

 

3.3 Second study “Association between antimicrobials and Pump Proton Inhibitors consumption 

with the incidence of nosocomial Clostridiodes difficile infection in high complexity hospitals in Costa 

Rica”(139) 
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3.3.1. Study Design and Population 

The ecological study conducted involved the examination of antimicrobial and PPIs consumption, 

correlated with nosocomial CDI incidence, coupled with time-series analysis. Patients with 

nosocomial CDI admitted to participating General Tertiary Care Hospitals from the Costa Rican Social 

Security (Hospital San Juan de Dios and Hospital Mexico) between January 2017 and December 2021 

were included in the analysis. Hospitals were selected based on data availability for antimicrobial 

and PPIs use, nosocomial CDI rates, and presence of AMS programs. Excluded from the data 

collection process were pediatric hospital wards, as well as any units that do not generate high 

discharge rates or occupied bed days (e.g., emergency services). The use of antibiotics in Costa Rican 

Social Security is regulated by an institutional medicines policy, based on the World Health 

Organization List of Essential Medicines.  

 

3.3.2 Statistical Analysis 

First, as a method of descriptive analysis, annual rates of nosocomial CDI and annual antimicrobial 

and PPIs consumption trends were described. Changes in antimicrobial consumption during the 

study period were evaluated using a linear regression test. The AAPC, with 95 percent confidence 

intervals, for different antimicrobials and PPIs was incorporated into the analysis to measure the 

average percentage change in antimicrobial consumption over time, thus combining the year-to-

year fluctuations into a single value. The statistical analysis was conducted in two main stages: 

correlation analysis and interrupted time series analysis using Poisson’s regression model. 

Correlation analysis was performed using Spearman’s test to assess the monotonic association 

between the monthly antimicrobial and PPIs consumption with CDI incidence rate. This non-

parametric test was chosen due to its robustness to non-normal distributions and potential non-

linear relationships. The incidence of CDI and the antimicrobial and PPI consumption were paired 

without time intervals and with 1-month interval to determine the immediate and delayed effects 

of drug consumption on the incidence of CDI.  The second stage of the analysis included interrupted 

time-series methods to evaluate the impact of key temporal breakpoints on CDI incidence rate. A 

segmented Poisson’s regression model was employed, given its appropriateness for analyzing count 

data with time-dependent changes. The interrupted time-series allows for the evaluation of 

immediate changes in level, coupled with long-term effects due to trend changes. The time series is 

divided (interrupted) into pre and post breakpoints.  Least square regression lines are fitted to each 

segment of the time series and together expressed by the following model: 
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Yt = β0 + β1 ∗ time1 + β2 ∗ breakepoint1 + β3 ∗ timea f terbreakepoint1 + et 

Yt represents any outcome at time point (t), which in this case is CDI incidence. Time is a continuous 

variable, measuring the number of months included in the entire time frame (60 months). β0 

estimated the baseline level at time point zero (y-axis intercept), β1 estimates the baseline trend, 

β2 estimates the level change between the pre and post breakpoint period, and β3 estimates the 

change in trend after the breakpoint. The sum of β1 and β3 estimates the post-breakpoint slope. 

The error et represents the variability of the model. We distinguished three main breakpoints. 

Firstly, one year after the implementation of the ASP in the participating hospitals (January 2019). 

This was followed by the second and third periods, obtained during the COVID-19 pandemic, the 

first of which is set in March 2020, the month when the COVID-19 pandemic was officially declared; 

followed by September 2020, which is the month with the lowest rate of nosocomial CDI in the 

included time series. p values < 0.05 were considered statistically significant. Statistical analysis was  

performed using SAS Studio OnDemand for Academics (SAS Institute Inc., Cary, NC, USA) Version: 

3.81 (Edition Enterprise).  
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This thesis per compilation of publications, includes two articles about antimicrobial and PPI 

consumption trends and their association with nosocomial CDI at ecological level. The articles 

presented and attached to this thesis were accepted by the Academic Committee of the Doctoral 

Program in Pharmacology. Moreover, an individual results analysis of the population-level study is 

provided below.  

 

4.1 Antimicrobial, PPIs exposure and risk factors for hospital-acquired Clostridiodes difficile 

infection: A propensity score matched study 

 

During the study period a total of 354 cases of HA-CDI were identified, the lowest rate of infection 

was found in September 2020 with 0.009 CDI per 100 bed days and the highest rate in February 

2020 with 0.071 CDI per 100 bed days. On the other hand, 1172 controls were recognized. Clinical 

and demographic data stratified by the presence or absence of CDI before and after propensity score 

analysis are show in table 3.  

 

Table 4 Baseline and clinical characteristics of patients by Clostridiodes difficile infection group 

Patient characteristics 

Whole cohort 
(n=1526) 

Propensity score matched cohort 
(n=568) 

CDI  
(n=354) 

Control 
(n=1172) 

p Value CDI (n=284) Control 
(n=284) 

p 
Value 

Demographics 
Age, years (mean) 55.75 57.31 0.82 55.90 56.81 0.26 
Male gender 167 (47.18) 559 (47.70) 0.59 132 (46.48) 131 (46.13) 1.00 
Hospitalization ward  
Intensive Care Unit 14 (3.95) 86 (7.42) 0.99 11 (3.87) 23 (8.10) 0.05 
No intensive Care Unit 340 (96.05) 1085 (92.58) 0.99 273 (96.13) 261 (91.90) 0.05 
Medical-surgical ward admission 
within 8 weeks 

131 (37.01) 117 (9.98) <.0001 73 (25.70) 73 (25.70) 1.00 

Underlying diseases  
Comorbidities 330 (93.22) 1123 (95.82) 0.98 262 (92.25) 273 (96.13) 0.07 
No of comorbidities (mean) 2.86 2.91 <.0001 2.76 2.97 0.37 
Charlson Comorbidity Index (mean) 3.75 3.69 0.95 3.57 3.55 0.84 
Congestive heart failure 53 (14.97) 183 (15.61) 0.64 46 (16.20) 41 (14.44) 0.64 
Peripheral Vascular Disease 29 (8.19) 100 (8.53) 0.61 20 (7.04) 17 (5.99) 0.73 
Myocardial infarction 10 (2.82) 34 (2.90) 0.58 10 (3.52) 4 (1.41) 0.17 
Cerebrovascular disease 4 (1.13) 35 (2.99) 0.98 4 (1.41) 9 (3.17) 0.26 
Cognitive impairment 5 (1.41) 26 (2.22) 0.87 4 (1.14) 4 (1.14) 1.00 
Chronic obstructive pulmonary 
disease 

7 (1.98) 33 (2.82) 0.85 7 (2.46) 7 (2.46) 1.00 

Connective tissue disease 21 (5.93) 39 (3.33) 0.02 10 (3.52) 14 (4.93) 0.53 
Peptic ulcer disease 12 (3.39) 51 (4.35) 0.82 8 (2.82) 10 (3.52) 0.81 
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In the unmatched cohort (n = 1526), patients with CDI (n = 354) differed significantly from controls 

(n = 1172) in several variables. Notably, CDI patients had a higher frequency of medical-surgical ward 

admission within the previous 8 weeks (37.0% vs. 10.0%, p < 0.0001), greater use of 

immunosuppressive agents (19.8% vs. 10.4%, p < 0.0001), higher prevalence of chronic kidney 

disease (23.2% vs. 17.8%, p = 0.015), and a greater number of comorbidities on average (2.86 vs. 

2.91, p < 0.0001). Additionally, CDI cases had a higher prevalence of connective tissue disease (5.9% 

vs. 3.3%, p = 0.02) and concomitant infectious diseases (61.9% vs. 56.0%, p = 0.02). 

After 1:1 PSM, 284 CDI patients were matched with 284 controls, resulting in improved balance 

across most covariates. There were no significant differences between matched groups in terms of 

age (55.90 vs. 56.81 years, p = 0.26), sex (46.5% vs. 46.1% male, p = 1.00), or Charlson Comorbidity 

Index (3.57 vs. 3.55, p = 0.84). The number of comorbidities also became comparable between 

groups (2.76 vs. 2.97, p = 0.37). Notably, previous medical-surgical ward admission within 8 weeks, 

immunosuppressive therapy use, and the presence of concomitant infectious diseases, all of which 

were significantly different in the unmatched cohort, became well balanced post-matching (p = 1.00 

for each). 

Patient characteristics 

Whole cohort 
(n=1526) 

Propensity score matched cohort 
(n=568) 

CDI  
(n=354) 

Control 
(n=1172) 

p Value CDI (n=284) Control 
(n=284) 

p 
Value 

Mild hepatic disease 3 (0.85) 34 (2.90) 0.99 3 (1.06) 6 (2.11) 0.50 
Severe hepatic disease 19 (5.37) 55 (4.69) 0.34 17 (5.99) 13 (4.58) 0.57 
Diabetes Mellitus without 
complications 

114 (32.20) 341 (29.10) 0.15 90 (31.69) 81 (28.52) 0.46 

Diabetes Mellitus with 
complications 

21 (5.93) 55 (4.69) 0.21 16 (5.63) 16 (5.63) 1.00 

Hemiplegia or paraplegia 8 (2.26) 11 (0.94) 0.05 6 (2.11) 4 (1.41) 0.75 
Chronic kidney disease 82 (23.16) 208 (17.75) 0.015 65 (22.89) 53 (18.66) 0.25 
History of malignancy 46 (12.99) 201 (17.15) 0.97 34 (11.97) 48 (16.90) 0.12 
Metastatic cancer 5 (1.41) 11 (0.94) 0.30 0 (0.00) 2 (0.70) 0.50 
Leukemia 21 (5.93) 56 (4.78) 0.22 14 (4.93) 23 (8.10) 0.17 
Lymphoma 16 (4.52) 35 (2.99) 0.11 6 (2.11) 5 (1.76) 1.00 
Human immunodeficiency virus  12 (3.39) 30 (2.56) 0.25 7 (2.46) 4 (1.41) 0.54 
Septic shock 45 (12.71) 145 (12.37) 0.46 36 (12.68) 36 (12.68) 1.00 
COVID-19 32 (9.04) 158 (13.48) 0.99 29 (10.21) 35 (12.32) 0.50 
Use of immunosuppressive agents 70 (19.77) 122 (10.41) <.0001 40 (14.08) 40 (14.08) 1.00 
Concomitant infectious disease 219 (61.86) 656 (55.97) 

 
0.02 180 (63.38) 180 (63.38) 1.00 

Inflammatory bowel disease 9 (2.54) 26 (2.22) 0.42 9 (3.17) 9 (3.17) 1.00 
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Although the overall distribution of baseline characteristics was well matched, a borderline 

significant difference was observed in the proportion of patients admitted to the intensive care unit 

(3.9% vs. 8.1%, p = 0.05), which may reflect residual imbalance. 

A descriptive analysis of the characteristics of the complete case control is shown in table 4. The 

mean age of affected patients was 55.8 years, and 47.2% of cases occurred in males. Most episodes 

were recorded in medical-surgical wards (96.1%), with only 3.9% occurring in intensive care units. 

The average length of hospital stay was 33.8 days. 

Regarding infection classification, 96.6% of episodes were new hospital-onset cases. In terms of 

severity, 65.5% of CDI episodes were classified as mild, 27.4% as severe, and 7.1% as severe-

complicated. A total of 97.2% of patients received specific treatment for CDI. The most frequently 

used regimen was oral vancomycin combined with intravenous metronidazole (57.6%), followed by 

oral vancomycin in monotherapy (35.0%). A small proportion of patients (2.8%) received fecal 

microbiota transplantation (FMT). Among clinical outcomes, FMT failure was observed in 0.8% of 

patients. In-hospital mortality occurred in 24.6% of cases, and 16.7% of deaths were directly 

attributed to CDI.  

The adjusted odds of CDI by individual antimicrobial and per groups after PSM is show in table 5. 

The use of multiple antimicrobials, before (at least in the last 8 weeks prior to hospital admission) 

and during hospital stay was associated with risk for developing nosocomial CDI (OR: 0.82 CI95% 

0.73-0.92).  Furthermore, a risk of CDI was observed with Anidulafungin-Caspofungin (OR: 011 

CI95% 0.013-1.31, p=0.02), Cefalotin (OR: 0.51 CI95% 0.28-0.91, p=0.03) and Cefotaxime (OR: 1.61 

CI95% 1.15-2.25, p=0.006) use. No statistically significant associations were found for carbapenems, 

fluroquinolones or clindamycin agents classified in the literature as high-risk antibiotics. El use of 

PPIs neither demonstrated a positive association as a risk factor for nosocomial CDI in our hospitals. 
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Table 5. Characteristics of Hospital Acquired Clostridioides difficile infection (HA-CDI) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data are reported as the no (%), unless otherwise noted 
 

Table 6 Adjusted risk of HA-CDI with antimicrobials and proton pump inhibitors 
 

Antimicrobial 

Propensity score matched cohort 
(n=568) Odds ratio (95 % IC) p value 

 CDI  
(n=284) 

Control  
(n=284) 

Antibiotics 261 (91.90) 252 (88.73) 1.44 (0.82-2.53) 0.25 
Number of antibiotics used (mean) 2.53 2.70 0.82 (0.73-0.92) 0.0011 
Antivirals 2 (0.70) 3 (1.06) 0.66 (0.11-4.00) 1.00 
Acyclovir 1 (0.35) 3 (1.06) 0.33 (0.034-3.20) 0.62 
Valganciclovir 1 (0.35) 0 (0.0) 0.49 (0.45-0.54) 1.00 
Antifungals 16 (5.63) 23 (8.10) 0.67 (0.35-1.31) 0.31 
Anidulafungin-Caspofungin 1 (0.35) 9 (3.17) 0.11 (0.013-0.85) 0.02 
Fluconazole 15 (5.28) 15 (5.28) 1.00 (0.47-2.08) 1.00 
Itraconazole 1 (0.35) 0 (0.0) 0.49 (0.45-0.54) 1.00 
Aminoglycosides 41 (14.44) 40 (14.08) 1.02 (0.64-1.64) 1.00 

Characteristics Whole cohort (n=354) 
Total of hospital onset episodes 354 
Age (mean) 55.75 
Male 167 (47.18) 
Current hospital ward 
Intensive Care Unit 
Medical-Surgical 

 
14 (3.95) 
340 (96.05) 

Lenght of stay (mean) 33.78 
Hospital associated infection classification 
New hospital onset 
Hospital first recurrence 
Hospital second recurrence 

 
342 (96.61) 
8 (2.26) 
2 (0.56) 

CDI episode severity 
Mild 
Severe 
Severe complicated 

 
232 (65.54) 
97 (27.40) 
25 (7.06) 

Received CDI treatment 
No treatment 
Oral Metronidazole 
Oral Vancomycin 
Oral Vancomycin + IV Metronidazole 
Fecal microbiota transplantation 

 
10 (2.82) 
16 (4.52) 
124 (35.03) 
204 (57.63) 
10 (2.82) 

Clinical outcomes 
Fecal microbiota transplantation failure 
In hospital death 
CDI related death 

 
3 (0.84) 
87 (24.58) 
59 (16.67) 
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Antimicrobial 

Propensity score matched cohort 
(n=568) Odds ratio (95 % IC) p value 

 CDI  
(n=284) 

Control  
(n=284) 

Amikacin 23 (8.10) 26 (9.15) 0.87 (0.48-1.57) 0.76 
Gentamicin 18 (6.34) 14 (4.93) 1.30 (0.63-2.67) 0.58 
Monobactams y Carbapenems 75 (26.41) 67 (23.59) 1.16 (0.79-1.70) 0.49 
Aztreonam 2 (0.70) 2 (0.70) 1.00 (0.14-7.15) 1.00 
Ertapenem 22 (7.75) 24 (8.45) 0.90 (0.49-1.66) 0.87 
Imipenem-cilastatine 1 (0.35) 0 (0.0) 0.49 (0.49-0.54) 1.00 
Meropenem 59 (20.77) 52 (18.31) 1.16 (0.77-1.77) 0.52 
Penicillins 67 (23.59) 70 (24.65) 0.94 (0.64-1.38) 0.84 
Amoxicillin 8 (2.82) 16 (5.63) 0.48 (0.20-1.15) 0.14 
Ampicillin 29 (10.21) 25 (8.80) 1.17 (0.67-2.06) 0.67 
Ampicillin/sulbactam 1 (0.35) 1 (0.35) 1.00 (0.062-16.06) 1.00 
Sodium penicillin 3 (1.06) 1 (0.35) 3.02 (0.31-29.22) 0.62 
Oxacillin 12 (4.23) 13 (4.58) 0.91 (0.41-2.05) 1.00 
Piperacilllin/tazobactam 26 (9.15) 25 (8.80) 1.04 (0.58-1.85) 1.00 
Cephalosporins 229 (80.63) 212 (74.65) 1.41 (0.95-2.10) 0.10 
Cephalexin 9 (3.17) 8 (2.82) 1.13 (0.42-2.96) 1.00 
Cefalotina 19 (6.69) 35 (12.32) 0.51 (0.28-0.91) 0.03 
Cefotaxime 180 (63.38) 147 (51.76) 1.61 (1.15-2.25) 0.006 
Ceftaroline 2 (0.70) 3 (1.06) 0.66 (0.11-4.00) 1.00 
Ceftazidime 59 (20.77) 56 (19.72) 1.06 (0.70-1.60) 0.83 
Ceftazidime/avibactam 2 (0.70) 3 (1.06) 0.66 (0.11-4.00) 1.00 
Ceftolozane/tazobactam 0 (0.00) 2 (0.70) 0.49 (0.45-0.54) 0.49 
Fluroquinolones 22 (7.75) 31 (10.92) 0.68 (0.38-1.21) 0.24 
Ciprofloxacin 15 (5.28) 25 (8.80) 0.58 (0.29-1.12) 0.13 
Levofloxacin 7 (2.46) 7 (2.46) 1.00 (0.34-2.88) 1.00 
Macrolides 8 (2.82) 14 (4.93) 0.55 (0.23-1.35) 0.27 
Azithromycin 1 (0.35) 1 (0.35) 1.00 (0.062-16.06) 1.00 
Clarithromycin 7 (2.46) 13 (4.58) 0.52 (0.20-1.34) 0.25 
Tetracyclines 4 (1.14) 10 (3.52) 0.39 (0.12-1.26) 0.17 
Doxycycline 4 (1.41) 7 (2.46) 0.56 (0.16-1.95) 0.54 
Tigecycline 0 (0.00) 3 (1.06) 0.49 (0.45-0.54) 0.25 
Clindamycin 25 (8.80) 15 (5.28) 1.73 (0.89-3.35) 0.13 
Linezolid 15 (5.28) 15 (5.28) 1.00 (0.47-2.08) 1.00 
Metronidazole 36 (12.68) 53 (18.66) 0.63 (0.39-1.00) 0.06 
Nitrofurantoin 11 (3.87) 14 (4.93) 0.77 (0.34-1.74) 0.68 
Polymyxin B 0 (0.00) 2 (0.70) 0.49 (0.45-0.54) 0.49 
Rifampicin 1 (0.35) 0 (0.00) 0.49 (0.45-0.54) 1.00 
Trimethoprim/Sulfamethoxazole 39 (13.73) 53 (18.66) 0.69 (0.44-1.08) 0.13 
Vancomycin 65 (22.89) 81 (28.52) 0.74 (0.51-1.08) 0.15 
Proton Pump Inhibitors 145 (51.06) 147 (51.76) 0.97 (0.70-1.35) 0.93 
Oral Proton Pump Inhibitors 110 (38.73) 122 (42.96) 0.83 (0.60-1.17) 0.34 
Intravenous Proton Pump Inhibitors 19 (6.69) 10 (3.52) 0.75 (0.56-0.99) 0.12 
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Length of stay, the number of comorbidities and ICU stay were significantly associated with CDI in 

the univariable and multivariable model (see table 6 and 7 for complete description for possible 

clinical risk factors related with HA-CDI). 

 
Table 7 Univariable logistic regression for factors associated with HA-CDI 

 

Characteristics 

Propensity score matched cohort 
(n=568) Odds ratio (95 

% IC) p Value CDI  
(n=284) 

Control  
(n=284) 

Demographics  
Age, years (mean) 55.90 56.81 0.99 (0.98-1.00) 0.41 
Male gender 132 (46.48) 131 (46.13) 1.01 (0.72-1.41) 1.00 
Hospitalization ward 
Intensive Care Unit 11 (3.87) 23 (8.10) 0.45 (0.21-0.95) 0.05 
No intensive Care Unit 273 (96.13) 261 (91.90) 0.45 (0.22-0.95) 0.05 
Length of stay (mean) 33.19  20.39 1.04 (1.02-1.05) <.0011 
Hospital ward admission within 8 weeks 73 (25.70) 73 (25.70) 1.00 (0.68-1.45) 1.00 
Underlying diseases 
Comorbidities 262 (92.25) 273 (96.13) 0.47 (0.22-1.00) 0.07 
No of comorbidities (mean) 2.76  2.97 0.84 (0.72-0.99) 0.04 
Charlson Comorbidity Index (mean) 3.57 3.55 1.08 (0.95-1.24) 0.21 
Congestive heart failure 46 (16.20) 41 (14.44) 1.14 (0.72-1.80) 0.64 
Peripheral Vascular Disease 20 (7.04) 17 (5.99) 1.18 (0.60-2.32) 0.73 
Myocardial infarction 10 (3.52) 4 (1.41) 2.55 (0.79-8.24) 0.17 
Cerebrovascular disease 4 (1.41) 9 (3.17) 0.43 (0.13-1.43) 0.26 
Cognitive impairment 4 (1.41) 4 (1.41) 1.00 (0.24-4.03) 1.00 
Chronic obstructive pulmonary disease 7 (2.46) 7 (2.46) 1.00 (0.34-2.88) 1.00 
Connective tissue disease 10 (3.52) 14 (4.93) 0.70 (0.30-1.61) 0.53 
Peptic ulcer disease 8 (2.82) 10 (3.52) 0.79 (0.30-2.04) 0.81 
Mild hepatic disease 3 (1.06) 6 (2.11) 0.49 (0.12-1.99) 0.50 
Severe hepatic disease 17 (5.99) 13 (4.58) 1.32 (0.63-2.78) 0.57 
Diabetes Mellitus without complications 90 (31.69) 81 (28.52) 1.16 (0.81-1.66) 0.46 
Diabetes Mellitus with complications 16 (5.63) 16 (5.63) 1.00 (0.49-2.04) 1.00 
Hemiplegia or paraplegia 6 (2.11) 4 (1.41) 1.51 (0.42-5.41) 0.75 
Chronic kidney disease 65 (22.89) 53 (18.66) 1.29 (0.86-1.94) 0.25 
History of malignancy 34 (11.97) 48 (16.90) 0.66 (0.41-1.07) 0.12 
Metastatic cancer 2 (0.70) 0 (0.0) 0.49 (0.45-0.54) 0.49 
Leukemia 14 (4.93) 23 (8.10) 0.58 (0.29-1.16) 0.17 
Lymphoma 6 (2.11) 5 (1.76) 1.20 (0.36.3.99) 1.00 
Human immunodeficiency virus  7 (2.46) 4 (1.41) 1.76 (0.51-6.11) 0.54 
Septic shock 36 (12.68) 36 (12.68) 1.00 (0.61-1.63) 1.00 
COVID-19 29 (10.21) 35 (12.32) 0.80 (0.48-1.36) 0.50 
Use of immunosuppressive agents 40 (14.08) 40 (14.08) 1.00 (0.62-1.60) 1.00 
Concomitant infectious disease 180 (63.38) 180 (63.38) 1.00 (0.71-1.40) 1.00 
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Characteristics 

Propensity score matched cohort 
(n=568) Odds ratio (95 

% IC) p Value CDI  
(n=284) 

Control  
(n=284) 

Inflammatory bowel disease 9 (3.17) 9 (3.17) 1.00 (0.39-2.55) 1.00 
 

Table 8 Multivariable logistic regression for factors associated with HA-CDI 
 

Variable Odds ratio (95% IC) p Value 
Intensive care unit (current admission) 4.14 (1.79-0.97) 0.0009 

Number of comorbidities 0.88 (0.78-0.98) 0.02 
Length of stay 1.03 (1.02-1.05) <.0001 

 

Finally, an all-cause and disease-specific mortality analysis in hospitalized patients with Clostridiodes 

difficile infection was performed in the matched cohort of patients diagnosed with CDI. The Kaplan-

Meir graphic (Figure 15) shows that in this cohort over time, the cumulative probability of dying 

from other causes is greater than the probability of death from CDI. This suggests that clinical 

management should adopt a comprehensive approach, addressing not only infection control but 

also the associated comorbidities. 
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Figure 15. Kaplan-Meier Survival Curve for patients with HA-CDI over time to death 

Blue line represents CDI related mortality, red line represents all-cause mortality 
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1.6 First study 
 

“Trends in AnVmicrobial ConsumpVon in TerVary Care Hospitals in Costa Rica from 2017 to 2021: 

A ComparaVve Analysis of Defined Daily Doses per 100 Bed Days and per 100 Discharges” 

 
 

Fernández-Barrantes, C.; Ramos-Esquivel, A.; Hernández-Soto, L.E.; Ramírez-Cardoce, M.; 

Garro-Zamora, L.D.; Cordero, J.C.; Grau, S. Trends in Antimicrobial Consumption in Tertiary Care 

Hospitals in Costa Rica from 2017 to 2021: A Comparative Analysis of Defined Daily Doses per 

100 Bed Days and per 100 Discharges. Antibiotics 2024, 13, 939. 

https://doi.org/10.3390/antibiotics13100939 
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1.7 Second study 

 

AssociaVon Between AnVmicrobials and Pump Proton Inhibitors ConsumpVon with the 

Incidence of Nosocomial Clostridiodes difficile InfecVon in High Complexity Hospitals in Costa 

Rica 

 

Fernández-Barrantes, C.; Ramos-Esquivel, A.; Hernández-Soto, L.E.; Ramírez-Cardoce, M.; 

Garro-Zamora, L.D.; Cordero, J.C.; Grau, S. Association Between Antimicrobials and Pump 

Proton Inhibitors Consumption with the Incidence of Nosocomial Clostridiodes difficile Infection 

in High Complexity Hospitals in Costa Rica. Antibiotics 2025, 14, 350. 

https://doi.org/10.3390/antibiotics14040350 
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To the extent of our knowledge, this study is one of the first multicentric investigations in the Latin 

America region to document the association between antimicrobial and PPI consumption, clinical 

risk factors and HA-CDI through a population-based case-control study with PSM and an ecological 

analysis. The aim of this research was to inform ASPs regarding decision making related to 

antimicrobial selection and other clinical risk factors such as comorbidities, ICU admission and 

hospital length of stay that may contribute to increased HA-CDI incidence.  

 

CDI is an increasing public health problem worldwide. HA-CDI incidence rates vary by geography and 

over time but have generally increased in the past 30 years (46). However, data on CDI incidence in 

hospitals in middle and low-income countries in Latin America, Asia and Easter Europe is limited. 

For this reason, data on microbiology, infection rates and clinical characteristics are needed to 

better understand local and regional behavior of these infections, thus, infection control policies 

can be implemented according to local resources and needs (145). 

 

In our study, the mean incidence of CDI between 2017 and 20121 was 0.03 infections per 100 bed 

days, a lower incidence rate than reported in other regions. As an example, a multicentric study in 

Germany evaluated nosocomial CDI from 2016 to 2020, reporting 0.30 cases per 100 patients in 

2016 and 0.26 patients in 2020 (141). In the Latin America region, a multicentric study conducted in 

Mexico from 2011 to 2015, reported 0.28 pr 1000 patients-days as average rate of CDI, this reported 

rate was also lower than previous studies in Poland reporting 0.6, 0.8 and 0.9 cases per 1000 patient 

days in a 2011 to 2013 series. However, given there are no precise data of the incidence rate in Latin 

America, no conclusion can be drawn about the regional incidence rate (145). 

 

It is important to point out that this study was conducted during COVID-19 pandemic. The pandemic 

impact on CDI incidence has shown mixed findings according to published studies, evidence suggests 

that hospitalized COVID-19 patients have a higher risk for CDI, however, no significant change or a 

decline in CDI cases during the early pandemic years is identified, as shown in this investigation 

(143). Several factors may have influenced this trend, including changes in patient management and 

the suspension of elective surgeries and routine medical care for non-COVID-19 conditions due to 

strict lockdown measures implemented in Costa Rica. Additionally, enhanced infection prevention 

strategies, such as visitor restrictions, improved hand hygiene, increased use of personal protective 
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equipment, and the isolation of COVID-19 patients in designed areas, may have contributed to this 

trend (146). 

 

Although ribotyping allows for the identification of specific strains, such as the hypervirulent 

ribotype 027, routine ribotyping is not performed in Costa Rican Social Security Hospitals. Ribotyping 

is typically reserved for research purposes or outbreak investigations. Our epidemiological analysis 

lacks strain specific data. Nevertheless, genotypic characterization is crucial for understanding the 

emergence of new strains and improving prevention strategies (147).  

 

A 2009 outbreak in a major hospital in San José, Costa Rica identified NAP1 strain (45%) and the 

NAPCR1 strains (31%) as the predominate genotypes. Both strains showed resistance to ciprofloxacin, 

moxifloxacin and levofloxacin, NAPCR1 also exhibited resistance to clindamycin and rifampicin. A 

subsequent research about ribotyping that included a two -year period series without outbreaks 

(2010 to 2012), in a major Costa Rican hospital reported NAPCR1 genotype as the most prevalent and 

the coexistence of other 14 strains as NAP10 and NAP11 (148). 

 

It is important to point out that the rate of CDI in a hospital is determinate not only by the risk of 

diseases among individual patient who carry the bacterium, but also by the risk of creating new 

carries through transmission from patients who are infected or colonized with C.difficile to those 

who are not (149).  

 

In addition to the epidemiological characterization, our population-based study of HA-CDI included 

the description of groups at risk of infection as well as a description of potential risk factors, 

treatment received and clinical outcomes. In general, the prevalence of HA-CDI is more common in 

the group age of patients 55 years-old, which correlates with international evidence from Spain 

where CDI cases in patients of 50 years-old or older represented 87% of the total number of cases 

(142). The mean of age in our study was 55.7 years, which is also similar to another study from 

Turkey where the mean age was 56.4 years old. However, our mean is lower compared to studies 

from the United States and Europe. In a European cohort 63% CDI cases were developed in patients 

older than 65 years old (150).  
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Moreover, in our setting HA-CDI is more frequent in females (53%), according to the literature, some 

studies have reported higher CDI incidence in females compared with males for CA-CDI; however, 

is observed that for both CA- and HA-CDI, females appear to be at higher risk.  The reason for the 

higher risk of CDI in females compared with males are still not clear (151). It has been proposed that 

sex-specific differences in the gut microbiome have been shown to be mediated by hormone levels, 

and transference of intestinal bacterial communities can alter sex hormone levels in animal studies 

(152).  

 
In hospital care, C.difficile is commonly encountered in the ICU setting and critically ill patients are 

at significant risk for morbidity and mortality from this pathogen. Critically ill patients share many 

of the risk factors for developing severe CDI, so vigilance must be maintained in this patient 

population to prevent and rapidly treat the disease. Nevertheless only 3.9% of our CDI patients 

stayed in ICUs, there is a statistically significant association between nosocomial CDI and ICU stay, 

as demonstrated in the multivariable logistic regression for factors associated with CDI  (ICU current 

admission, OR: 4.14 95% IC 1.79-0.97, p= 0.0009) (Table 7) (153,154).  

 

Other departments in which CDI poses a problem are surgical wards, where perioperative antibiotic 

prophylaxis is applied and also treatment of healthcare-associated infections, including surgical site 

infections usually depend on the use of broad-spectrum antibiotics (153). 

 

Another factor influencing CDI clinical outcomes like severity and in-hospital death is the length of 

stay (LOS). According to our PSM cohort CDI cases had longer mean of LOS than controls (33.2 days 

and 20.4days respectively), these findings compared to other studies demonstrate that our mean 

LOS is higher, as an example, in Spain HA-CDI LOS is around 26.2 days while in Mexico is around 20.1 

days. Despite these differences, LOS in a CDI is considerably higher compared with average LOS in 

hospitals which is 8.3 days (145, 142). 

 

LOS is particularly of interest in high complexity hospitals where more complicated patients are 

attended with enhanced length of hospitalization and more intensive and broader spectrum use of 

antimicrobials; characteristics frequently described as risk factors and determinants for CDI 

development and severity (155). 
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While many previous studies have evaluated the risk of antibiotics independently of other risk 

factors, this population-based study with PSM permitted the examination of the relative risk of 

antimicrobial and PPI consumption after adjustment for clinical risk factors, giving a more accurate 

picture of the role of antimicrobial consumption as the main dominant risk for HA-CDI. 

 

The population-based observational approach of the case-control study may have led to selection 

bias. There were systemically significant differences in the following initial clinical parameters of 

patients between cases CDI and controls: hospital admission within 8 weeks, number of 

comorbidities, connective tissue diseases, chronic kidney disease, use of immunosuppressive agents 

and concomitant infectious disease. These differences in the baseline characteristics of patients are 

known in the literature to be associated with nosocomial CDI, which means that they can act as 

confounding factors in this proposed model of study that evaluates risk factors association with the 

development of the infection. Therefore, to minimize the risk of bias a PSM was conducted (1) 

 

A PSM is a method of designing observational studies that mimic the characteristics of randomized 

controlled trials, allowing for a similar distribution of the observed baseline covariates between CDI 

cases and control groups (144). 

 

For clinicians, early prediction of patients with CDI at risk of severe disease is important for decision-

making and disease management. Identification of clinically significant risk factors is a major 

contribution to the infection approach. According to the literature, the most significant risk factor 

for CDI is antibiotic use. Antibiotic exposure alters the natural microbiota of the intestines allowing 

C.difficile to proliferate (46). 

 

Antibiotics have long been established as the crucial risk factor for CDI. Previous studies have shown 

that use of antibiotics impacts individual risk for CDI when use of antibiotics is evaluated at the ward 

level, or even at the broader level of the hospital (156). 

 

Although many antibiotics have been associated with CDI, the most commonly associated are 

clindamycin, fluoroquinolones, carbapenems and cephalosporins, these agents are known as high-

risk antibiotics for CDI (157, 52). Antibiotic overuse has come under scrutiny as a major driver of CDI 

with 50% of inpatients prescribed an antibiotic during hospitalization and 30% of these antibiotics 
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being potentially unnecessary (158). Also, the use of multiple antimicrobials and prolonged 

antimicrobial therapy has been associated with an increased risk of CDI (52). 

 

The association of CDI with a particular antimicrobial agent may depend on several factors, including 

the local prevalence of high resistance to antimicrobial agents in common use and the frequency 

with which the antimicrobial of interest is used (52). 

 

Our antimicrobial consumption trend analysis (2017-2021) concluded that the most common 

antimicrobials consumed were cefotaxime, vancomycin, oxacillin and fluconazole, the high 

proportion of cefotaxime and third-generation cephalosporins in general may be explained by 

different reasons, for example, due to its broad-spectrum activity, cefotaxime is prescribed as an 

empirical treatment option. Trends analysis demonstrated that while a statistically significant 

increase in the consumption of carbapenems, trimethoprim-sulfamethoxazole, fluroquinolones 

vancomycin, echinocandins and azole antifungals were identified. In contrast, a statically significant 

decrease in consumption of cephalosporins and macrolides was reported (138). 

 

As described before, a peculiar finding was the downtrend in cephalosporins consumption, a 

possible explanation is the substitution of cephalosporins with broad-spectrum antibiotics during 

the pandemic period, also, since 2018 ASPs have been in operation in the hospitals included in this 

study, promoting de-escalation and shortened therapies (138). 

 

At ecological level, clindamycin, cephalosporins, macrolides and metronidazole are among the 

antimicrobials that showed a positive statistically significant association between consumption and 

nosocomial CDI incidence. A strong association was identified between nosocomial CDI with 

cephalosporins and clindamycin, even though these antibiotics show a downtrend in consumption. 

 

Additionally, the population-based study found that following statistically significant associations 

between consumption and nosocomial CDI according to the adjusted risk ratio calculated in the 

matched cohort: number of antibiotics used (OR: 0.82 95%IC 0.73-0.92, p=0.0011), echinocandins 

(OR: 0.11, 95% IC 0.013-0.85, p=0.02), cephalothin (OR:0.51, 95%IC 0.28-0.91, p=0.03 and 

cefotaxime (OR: 1.61, 95% IC 1.15-2.25). 
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A case-cohort study of adult inpatient in Canada, measured the risk of HA-CDI associated with 

exposure to various antibiotic classes compared with patients with no antibiotic exposure in the 5 

days prior to developing symptoms. After adjusting for age, gender, hospital exposure and infection 

pressure, the incidence of CDI was 2-3 times higher for penicillins, cephalosporins, fluoroquinolones 

and carbapenems (159). 

 

According to the literature, one of the first outbreaks involving clindamycin-resistant C.difficile was 

reported in 1989. The strain predominant was highly resistant to clindamycin. Studies of these 

outbreaks established the increased risk of CDI with clindamycin consumption. At that time a 

decrease in the use of clindamycin in United States hospitals was identified, resulting in resolution 

of the outbreaks. Recently, it was seen that BI/NAP1 epidemic strain demonstrate variable 

susceptibility to clindamycin. This observation, combined with the fact that clindamycin is not used 

as commonly as other antimicrobials in adult patients, may explain why it has not been shown to be 

at the top of the list (52). 

 

Furthermore, cephalosporins became a strong risk factor for CDI outbreaks probably because they 

became “workhorse agents” on hospital formularies. Use of second a third-generation 

cephalosporins such as cefotaxime and ceftriaxone is associated with a particularly high risk for CDI 

(159). Thus, tracking high-risk antibiotic use as a group is needed in time and volume-based 

assessments, to better inform stewardship in mitigating CDI risk (158). 

 

Similar to cephalosporins, fluoroquinolones became popular antimicrobials for their good oral 

bioavailability and spectra of activity.  The lack of association of fluroquinolones and CDI in our study 

may reflect changes in antibiotic use post ASPs implementation. From a statical perspective a lack 

of statistical significance for the association of a specific class of antibiotics and CDI does not 

necessary mean “no risk”. Volume of use, the range of clinical characteristics in population, sample 

size, study design, among others may affect statistical test results (158). High-risk antibiotics 

monitoring could be a more practical stewardship intervention for CDI incidence and complications 

reduction where resources are limited.  

 

Other risk factors included in this research model include the influence of PPIs. PPIs are one of the 

most prescribed groups of medicines globally, they are postulated to increase the proliferation of 
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spores and change the acid of the stomach that permits spores to survive intraluminally. The role of 

gastric acid suppression therapy has gained much interest recently as a risk factor for CDI, however, 

very low quality evidence in support of this association is found (56). 

 

This study did not identify statistically significant changes in PPIs consumption trends and did not 

find correlations with nosocomial CDI incidence at ecological and population level, supporting the 

evidence that suggests a weak association between PPIs and CDI.  

 

CDI clinical risk factors as comorbidities were assessed. The presence of various comorbidities is a 

confirmed risk factor for nosocomial CDI according to our case-control study OR: 0.88 95%IC 0.78-

0.98, p=0.02. Comorbidities have long been considered potential risk factors for CDI, however, a 

systematic review and meta-analysis concluded that some comorbidities are of greater importance 

than others. Kidney diseases, liver diseases, cardiovascular diseases and bowel diseases are among 

the more associated with primary CDI (160). 

 

Our study also describes the pharmacological approach and clinical outcomes of HA-CDI in 

population-based cohort. The primary difference in CDI treatment focuses on whether the infection 

is primary or recurrent episode, and the severity of the infection. This study included 96.6% new 

hospital onset cases, which required a first-line therapy. According to recent international guidelines 

updates, first-line treatment includes vancomycin or fidaxomicin, with metronidazole reserved for 

scenarios where those options are not available (66).  

 

Even though there is strong evidence that supports fidaxomicin use for both initial and first rCDI 

episodes, with a lower recurrence rate than vancomycin and similar cure rates, it is an option not 

available in Costa Rica, for this reason it is not indicated in national guidelines, instead, oral 

metronidazole is still an option used in no severe HA-CDI episodes and CA-CDI. Oral Vancomycin is 

the preferred option according to our guidelines for non-severe episodes on the other hand for CDI 

severe or complicated cases oral vancomycin + IV metronidazole are used for 10 to 14 days. The use 

of alternative options as tigecycline usually is reserved as a rescue treatment for patients with ser 

CDI when treatment with vancomycin and metronidazole fails or is contraindicated. On the other, 

second recurrences are treated with vancomycin in pulsed or tapered doses (161). 
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Fecal Microbiota Transplantation is an option available in Costa Rica in refractory disease, studies 

have shown high cure rates, ranging from 80% to 95% in preventing CDI recurrence (162). FMT 

failure in this time series (2019-2021) is 30%, careful patient selection, donor screening and 

consideration of potential risks are essential for safe and effective treatment. 

 

Finally, an all-cause and HA-ICD related mortality study was conducted in the matched cohort. In 

this cohort of patients with CDI, the most frequent cause of death or the one with the highest 

cumulative risk over time was due to causes other than CDI. This suggests that clinical management 

should adopt a comprehensive approach addressing not only infection control but also the 

associated comorbidities. 

 

Strengths and limitations 

 

Latin American courtiers do not regularly measure their antimicrobial consumption and only a few 

occasionally review the overall consumption of antibiotics withing their territory. Due to these 

inconsistences, data in this region are scare and usually spread. With this first multicentric study a 

standardized methodology that analyzed antimicrobial and PPIs consumption trends and their 

association with HA-CDI was implemented. Methodology for consumption was adopted from the 

WHO-DDD/ATC guidelines, which allows comparisons across time and healthcare facilities through 

the calculation of DDD/100 bed days and DDD/100 discharges. Also, this is the first study in the 

region that correlates CDI with hospital ward and population-based antibiotic consumption.  

 

It is important to mention that this study is not without limitations. Firstly, we cannot be certain 

that the prescribing practices observed were representative of other hospitals of lower complexity 

in Costa Rica. Furthermore, other analyses of hospitals of different complexity, other reference 

hospitals and private institutions. Also, it was impossible to account for local antibiotic consumption 

CDI and specific strain epidemiology like NAP1 or NAP9, yet this could pose a significant impact on 

nosocomial CDI. In addition, our population-based study is non-randomized retrospective 

observational study, but through the propensity score matched analysis, we tried to reduce the 

potential bias and archive and analysis with similar cohorts. Finally, one of our main limitations was 

that environmental control of CDI infection was not part of our analysis, for this reason. 

Comprehensive antimicrobial stewardship efforts in conjunction with proper environmental 
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disinfection, hand hygiene compliances, appropriate isolation measures should be evaluated when 

analyzing characterizes of infection to stablish possible risk factors. 

 

Recommendations for Future Research Lines 

1. Future research should include primary, secondary, and private healthcare facilities to 

provide a more comprehensive national picture of C. difficile infection dynamics beyond 

tertiary care centers. 

2. Integrating ribotyping or other molecular typing techniques into future studies would 

enable the identification of hypervirulent strains (such as NAP1, NAP9, and NAPCR1), 

enhancing surveillance and outbreak response capabilities. 

3. Assess the impact of specific antimicrobial stewardship interventions 

Prospective studies evaluating targeted antimicrobial stewardship strategies (de-escalation 

protocols, audit and feedback, local treatment guidelines) would help quantify their 

effectiveness in reducing HA-CDI incidence. 

4. Research on environmental cleaning practices, hand hygiene compliance, patient isolation 

protocols, and healthcare worker contamination is essential to understand and mitigate 

nosocomial transmission pathways. 

5. Further investigate the role of PPIs and other pharmacological agents. 

Although no strong association was found in this study, high-quality prospective studies or 

pharmacological analyses are needed to clarify the controversial link between PPIs and CDI 

risk. 

6. Explore the effectiveness of emerging treatment options 

Studies on newer therapies such as fidaxomicin, bezlotoxumab, and FMT are needed to 

assess their clinical outcomes and feasibility in Latin American healthcare settings. 
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1 - This doctoral research constitutes one of the first multicenter studies in Latin America to 

comprehensively analyze the incidence, risk factors, and clinical features of healthcare-associated 

Clostridioides difficile infection (HA-CDI), as well as antimicrobial and proton pump inhibitor (PPI) 

consumption trends in tertiary care hospitals of the Costa Rican Social Security system (CCSS). 

Through a combination of ecological and population-based case-control approaches using 

propensity score matching (PSM), this study provides valuable insights for antimicrobial stewardship 

programs (ASPs) and infection prevention strategies in resource-limited settings. 

2 - The study confirmed that the incidence of HA-CDI in the CCSS tertiary care hospitals between 

2017 and 2021 was relatively low compared to other international contexts. However, significant 

clinical and epidemiological risk factors were identified, particularly advanced age, ICU admission, 

prolonged hospital stay, and the presence of multiple comorbidities. These factors underscore the 

need for early identification of high-risk patients and the implementation of tailored preventive 

interventions in hospital settings. 

3 - Antibiotic exposure emerged as the most prominent and consistent risk factor for HA-CDI. Third-

generation cephalosporins (notably cefotaxime), clindamycin, and other broad-spectrum agents 

showed statistically significant associations with increased CDI risk, even in the context of declining 

consumption trends. This highlights the importance of not only reducing unnecessary antibiotic use 

but also monitoring high-risk agents over time to guide stewardship decisions. Interestingly, some 

antibiotics such as echinocandins and cephalothin were associated with a lower risk, suggesting a 

nuanced relationship between antimicrobial class and CDI risk that warrants further exploration. 

4 - In contrast to antibiotics, the role of PPIs in CDI development remains controversial. In this study, 

no statistically significant association was found between PPI consumption trends and HA-CDI 

incidence, supporting the emerging evidence of a weaker link than previously thought. Nonetheless, 

PPI use should still be evaluated critically in hospitalized patients due to its widespread prescription 

and potential interactions with other risk factors. 

5 - The COVID-19 pandemic period provided a unique backdrop for part of this research. Despite 

increased antimicrobial consumption during the pandemic, the expected rise in CDI incidence was 

not observed. This paradox may reflect the complex interplay of altered hospital practices, 

enhanced infection control measures, and changes in patient demographics during the pandemic. 
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6 - This thesis also identified critical gaps in local epidemiology, particularly the absence of routine 

ribotyping in clinical laboratories. Incorporating molecular surveillance could enhance 

understanding of strain diversity and support outbreak prevention strategies. Furthermore, CDI-

related outcomes—such as increased length of stay and all-cause mortality—emphasize the 

substantial clinical and economic burden of this infection. 

7 - The use of PSM in the case-control study minimized bias and improved the internal validity of 

risk factor analysis, allowing for more accurate estimations of the attributable risk of antimicrobials 

and PPIs in the development of HA-CDI. However, limitations such as the lack of environmental data, 

molecular strain typing, and representation of hospitals with different complexity levels should be 

addressed in future research. 

8 - Finally, this doctoral thesis provides robust evidence that antimicrobial use—particularly third-

generation cephalosporins and clindamycin—is the main modifiable risk factor for HA-CDI in tertiary 

care hospitals in Costa Rica. Strengthening antimicrobial stewardship programs, optimizing 

antibiotic prescribing, and improving surveillance systems are essential steps to reduce CDI burden 

in the region. These findings contribute to the global understanding of CDI epidemiology in middle-

income countries and offer a foundational framework for future research and public health 

interventions. 
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Changes in antibiotic consumption due to COVID-19 pandemic in tertiary-care hospitals in
Costa Rica: A five year interrupted time series study
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Methods

C.

The COVID-19 pandemic poses
changes in antimicrobial
consumption (AMC) due to irrational
antimicrobial use. 
The aim of this study was to analyze
the impact of COVID-19 pandemic
on AMC in Tertiary Care Hospitals in
Costa Rica according to the World
Health Organization AWaRe
classification.

Retrospective five year (2017 to 2021) interrupted time series study with AMC data from
Tertiary Care Hospitals in Costa Rica (country of 5,1 million inhabitants) to access the impact
of COVID-19 pandemic on AMC. Simple and segmented linear regression models were used
to analyze trends and level changes in both overall hospital and ICU.  The time series are
divided into 2 segments, the first point is March 2020 when COVID-19 pandemic started and
July 2020 which is the month where COVID-19 incidence began to increase according to the
Ministry of Health statistics of Costa Rica.  Antimicrobial consumption was measured in
monthly defined daily doses (DDD) per 100 bed days (DDD/100 BD). P values of <0.05 were
considered statistically significant. 
The ethics committee CEC-CENTRAL-CCSS reviewed and approved the study on May 2023
(registry number R022-SABI-00319).

There was a statistically significant increase in the antibiotic consumption in the ICU when COVID-19 pandemic started,  specially noticed
within the Watch group. 
The fact that this group was the most affected is worrisome particularly because it includes many of the agents that have a greater impact
on AMR and that should be prioritized in AMS programs.  The causes that triggered an increase in the use of antimicrobials during the
period after the global declaration of the pandemic should be analyzed in depth.

Fig 1. Consumption of AWaRe
antibiotics in Overall Hospital
in Tertiary Care Hospitals In

Costa Rica

The overall hospital AMC according to
AWaRE classification did not report
statistically significant changes in the two
segments. In ICU analysis statistically
significant changes were seen at the first
segment of the time series.
 
The Access group showed an increase of
313.81 (95% CI 176.98 to 450.64, p<0001),
followed by a negative trend of -21.07
per month (95% CI -30.31 to -11.84,
p<0001). The Watch group had an
increase of 435.57 (95% CI 172.09 to
699.05, p=0.0016) and a trend of -43.08
(-60.86 to -25.29). 

In the Reserve group the change level was
53.06 (95% IC 23.53 to 82.60, p=0.0007)
and a trend change of -4.19 (95% CI -6.18
to -2.20, p<0001) (Table 1, Fig 1 and Fig 2).

Fig 2. Consumption of AWaRe
antibiotics in ICU in Tertiary
Care Hospitals In Costa Rica

Table 1 Results of the interrupted time series analysis of changes in Overall Hospitals and Intensive Care Units antibiotic
consumption in Tertiary Care Hospitals in Costa Rica between 2017 and 2021 according to the WHO Aware Classification
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Relationship between high-risk antibiotic consumption and incidence of nosocomial Clostridiodes
difficile infection in Tertiary Care Hospitals in Costa Rica during COVID-19 pandemic
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It is known that antimicrobial use is one of
the most important modifiable risk factors for
the development of Clostridiodes difficile
infection (CDI). It has been widely described
that during the COVID-19 pandemic there
was an increase in the use of antibiotics.

Antibiotics such as penicillins,
cephalosporins, carbapenems,
fluoroquinolones and clindamycin are
considered high risk for the development of
CDI. 

The aim of the study was to analyze
whether the evolution in nosocomial CDI
rates in Tertiary Care Hospitals in Costa
Rica could have any relationship with
previously defined high-risk antimicrobial
consumption (HRAC) during COVID-19
pandemic.

A total of 701 nosocomial CDI cases were reported and 55679 DDD per 100 bed-days of high-risk
antimicrobials were distributed in the participating hospitals during the study period (Fig 1 and Fig 2).
Table 1 summarizes segmented Poisson regression results. Changes in HRAC did not show
statistically significant variations in the rate of CDI at breakpoint. Major changes were seen with
Carbapenems consumption 0.0013 (95% CI -0.023 to 0.016) level change -0.95 (95% CI –12.33 to
4.67) and trend change 0.057 (95% IC -0.59 to 0.80) and Penicillins consumption 0.0004 (95% CI
-0.016 to 0.012), level change -0.91 (95% IC -12.33 to 4.95) and trend change 0.045 (95% IC -0.64 to
0.78).

Retrospective interrupted time-series
analysis from January 1st 2017 and
December 31st 2021 of antimicrobial
consumption and nosocomial CDI monthly
rate were performed using data of monthly
HRAC in Defined Daily Doses (DDD)/100
beds from participating hospitals databases.
Segmented Poisson regressions were used
to assess whether variations in rates of
nosocomial CDI followed variations in
HRAC. The breakpoint in these time-series
analysis is July 2020 which is the month
where COVID-19 incidence began to
increase according to the Ministry of Health
statistics of Costa Rica. P values of <0.05
were considered statistically significant.
The ethics committee CEC-CENTRAL-
CCSS reviewed and approved the study on
May 2023 (registry number R022-SABI-
00319).

Non-significant increases were observed in antibiotics considered high risk for CDI acquisition. This fact questions its possible relationship with the
decrease in nosocomial CDI in Tertiary Care Hospitals in Costa Rica during the first months of the COVID-19 pandemic.  Further studies are needed
to understand other factors implicated in the change in epidemiology of nosocomial CDI.

Table 1 Results of the interrupted time series analysis at identified breakpoint
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Tendencias del consumo de antimicrobianos en hospitales del tercer nivel de atención en Costa Rica de 2017 al 2021
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Introducción:

La cuantificación del consumo de antimicrobianos es una de las actividades descritas en los Programas de Optimización de Antimicrobianos (PROA). Su función es
detectar puntos susceptibles de acciones de mejora y evaluar el impacto de intervenciones a través de la comparación entre hospitales del mismo nivel y el análisis
de series temporales. La Dosis Diaria Definida (DDD) es la unidad de medida oficial establecida por la Organización Mundial de la Salud (OMS) (Clasificación
Anatómica Terapéutica (ATC)/DDD) para cuantificar consumo de antimicrobianos permitiendo obtener datos estandarizados de consumo que pueden compararse
entre diferentes centros hospitalarios a través del tiempo.

Objetivo:
Analizar si las tendencias de consumo de antimicrobianos en hospitales del tercer nivel de atención de Costa Rica durante el periodo 2017 al 2021 expresadas en
DDD/100 estancias siguen el mismo patrón que cuando se expresan en DDD/100 altas.

Metodología:
Estudio retrospectivo observacional descriptivo de cuantificación del consumo antimicrobiano utilizando los datos de dispensación de los Servicios de Farmacia
disponibles, dos de los tres hospitales generales de tercer nivel fueron incluidos en el estudio. Se aplicó la metodología ATC/DDD de la OMS para realizar el cálculo
de cuantificación. Los antimicrobianos fueron clasificados en antibióticos (J01), antifúngicos (J02) y antivirales (J05). Se obtuvo los promedios anuales de consumo
mediante el cálculo de las DDD/100 estancias y DDD/100 altas. La última versión (2023) de la clasificación de DDD se utilizó para los 5 años. Las tendencias del
consumo de antimicrobianos fueron analizadas utilizando un modelo de regresión logística lineal generalizado con cada grupo de antimicrobianos, valores de p< 0,05
se consideraron estadísticamente significativos. El análisis estadístico se realizó utilizando el programa SASÒ Studio OnDemand for Academics (SASÒ Institute Inc, 
Estados Unidos).

Resultados:
Se observó un aumento estadísticamente significativo del consumo promedio de antifúngicos (J02), en DDD/100 estancias: 26,30 (2017) a 32,49 (2021) (p=0,05) y
DDD/100 altas: 80,41 (2017) a 123,52 (2021) (p<0.0001) (Ver Tabla 1).
El análisis de los grupos específicos de antimicrobianos dio lugar a la observación de una disminución en la tendencia de consumo de cefalosporinas no
estadísticamente significativa de DDD/100 estancias: 430,66 (2017) a 296,08 (2021) (p=0,29) y estadísticamente significativa de DDD/100 altas 2595,15 (2017) a
1946,72 (2021) (p<0.0001).
Por otra parte, se observó un aumento no estadísticamente significativo de DDD/100 estancias de carbapenémicos: 146,13 (2017) a 156,77 (2021) (p=0,27) y
estadísticamente significativo de DDD/100 altas: 699,00 (2017) a 948,00 (2021) (p<0,0001). Con trimetoprim-sulfametoxazol igualmente se observó una tendencia al
aumento de DDD/100 estancias no significativo: 74,42 (2017) a 107,19 (2021) (p=0.06), mientras que con DDD/100 altas la tendencia fue estadísticamente
significativa: 475,60 (2017) a 772,85 (2021) (p<0,0001). Con respecto a las equinocandinas se observó una tendencia a la disminución no significativa de DDD/100
estancias: 116,52 (2017) a 163,64 (2021) (p=0,59), mientras que con DDD/100 altas la tendencia al aumento fue estadísticamente significativa (p=0,01): 156,94
(2017) a 189,48 (2021). Solamente los macrólidos y antifúngicos azólicos evidenciaron una disminución estadísticamente significativa tanto en DDD/100 estancias
como en DDD/100 altas, obteniéndose los siguientes resultados con macrólidos: DDD/100 estancias: 50,42(2017) a 25,39(2021) (p=0,005) y DDD/100 altas: 360,60
(2017) a 174,26(2021) (p<0,0001) y antifúngicos azólicos: DDD/100 estancias: 116,52(2017) a 163,64(2021) (p=0,0008) y DDD/100 altas: 647,18 (2017) a 1045,72
(2021) (p<0,0001).

Tabla 1 Tendencias globales del consumo de antimicrobianos (J01, J02, J05) en Hospitales del Tercer Nivel en Costa Rica desde 2017 al 2021 expresado 
en DDD/100 camas día y DDD/100 altas

Conclusión:
El conocimiento de las tendencias del consumo de antimicrobianos tanto a nivel local como regional es esencial para conocer los patrones de uso de los
antimicrobianos utilizados de forma usual, así como los de nueva inclusión en el Listado Terapéutico de los hospitales.
En nuestro caso de estudio se determinó que las tendencias de consumo de antimicrobianos expresados en DDD/estancias como en DDD/altas siguen un patrón
similar, excepto para los antifúngicos azólicos. El conocimiento de las tendencias de consumo de antimicrobianos especialmente antes y después de la pandemia
podrían ser de utilidad para los PROA al determinar posibles patrones de prescripción y su eventual repercusión en la resistencia a los antimicrobianos.

Correspondencia: Cristina Fernández Barrantes: 1262320@uab.cat, lcfernan@ccsss.a.cr

Total 2017 2018 2019 2020 2021 % Tendencia Valor P
Total de antimicrobianos (J01, J02, J05)
DDD/100 estancias 61,35 54,30 60,13 93,05 61,78 0,70 3,96 0,31
DDD/100 altas 270,63 245,68 277,80 295,44 313,25 15,75 13,50 0,0007
Total de antibióticos (J01)
DDD/100 estancias 30,36 27,92 28,67 40,86 25,51 -15,97 0,32 0,84
DDD/100 altas 164,29 149,18 155,53 154,64 161,92 -1,44 0,072 0,96
Total de antifúngicos (J02)
DDD/100 estancias 26,30 22,68 27,60 43,21 32,49 23,53 3,29 0,05
DDD/100 altas 80,41 73,59 94,49 104,61 123,52 53,61 11,72 <0,0001
Total de antivirales (J05)
DDD/100 estancias 4,69 3,70 3,87 8,98 3,77 -19,61 0,34 0,57
DDD/100 altas 25,93 22,91 27,78 36,19 27,81 7,25 1,70 0,14
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