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Abstract

Clostridium difficile is emerging as an important enteric pathogen in children. Historically 

considered as an asymptomatic colonizer of the gastrointestinal tract, C. difficile infection (CDI) 

has not been well-studied in pediatric populations. While asymptomatic carriage remains high 

among infants, recent epidemiological surveillance has demonstrated a rise in the prevalence of 

CDI in both healthcare and community settings, particularly in children 1-5 years of age. The 

pathogenesis of pediatric CDI, including the factors underlying the absence of toxin-mediated 

effects among colonized infants, remains ill-defined. Studies suggest that traditional adult CDI 

risk factors such as antibiotic and healthcare exposure may not be as important for children who 

acquire CDI in the community. As recognition of the significant impact of CDI in children 

increases, the pressing need for deepening our understanding of this disease and identifying 

optimal therapeutic and preventative strategies is becoming apparent.

Introduction

Clostridium difficile is emerging as an important cause of healthcare- and community-

associated diarrhea in children. C. difficile infection (CDI) is estimated to cost the United 

States health care system between 1.1 (Kyne et al., 2002) to 3.2 billion dollars annually 

(O’Brien et al., 2007). Originally described as a commensal organism in infants (<1 year of 

age) (Hall & O’Toole, 1935), C. difficile is considered primarily a diarrheal agent of the 

elderly (>64 years of age). Past epidemiologic studies have demonstrated that up to 71% of 

children are asymptomatically colonized with C. difficile (Al-Jumaili et al., 1984). However, 

a paradigm shift has occurred over the past decade, and C. difficile is increasingly being 

recognized as an important pediatric enteric pathogen. More recent surveillance has revealed 

that CDI incidence is increasing in children, including those without traditional risk factors 

(Sandora et al., 2011; Benson et al., 2007).
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In this review, we will discuss the dynamic epidemiology of C. difficile infection in the 

pediatric population. We will also review the literature regarding the pathogenesis, host 

immune response, risk factors for infection, spectrum of clinical manifestations, and the 

diagnosis and treatment of CDI in children.

Epidemiology

C. difficile can be recovered from newborns as early as the first week of life. Between 14% 

to 71% of children <12 months of age are colonized with this organism (Table 1) (Al-

Jumaili et al., 1984; Larson et al., 1982), most commonly with non-toxigenic strains (Larson 

et al., 1982; Kato et al., 1984). Greater prevalence of C. difficile colonization has been 

reported in sicker children requiring admission to the neonatal intensive care unit (Al-

Jumaili et al., 1984; Kato et al., 1984). By 12-18 months, C. difficile colonization frequency 

decreases to ~4%, similar to colonization in non-hospitalized adults (Table 2) (Vernacchio et 

al., 2006; Merida et al., 1986).

Recent studies based on large, pediatric databases have demonstrated that CDI prevalence in 

US children is increasing. A retrospective analysis of the Pediatric Health Information 

System (PHIS) records, which included data from 4,895 children with CDI from 22 tertiary-

care pediatric hospitals, revealed a 53% increase in the annual incidence density from 

2001-2006, from 2.6 to 4.0 cases/1,000 admissions (p=0.04) (Kim et al., 2008). The national 

rate of CDI-related pediatric hospitalizations increased from 1997-2006, from 7.24 to 

12.80/10,000 hospital admissions in the Kids’ Inpatient Database (KID), which was derived 

from >3,700 hospitals from 38 states (Zilberberg et al., 2010).

CDI rates appear to be increasing particularly in young children aged 1-5 years. In the PHIS 

study, CDI incidence increased 85% in this age group from 2001-2006, from 0.7 to 1.3 

cases/1,000 admissions (p=0.04) and 50% in children 5-17 years of age, from 1.2 to 1.8 

cases/1,000 admissions (p=0.03) (Kim et al., 2008). In the KID study, CDI-related 

hospitalizations were most common in children aged 1-4 years (44.87 hospitalizations/

10,000 admissions), followed by children 5-9 years of age (35.27 hospitalizations/10,000 

admissions) (Zilberberg et al., 2010).

Whether CDI prevalence is increasing in infants <1 year of age is less clear. No significant 

change in CDI rates among hospitalized infants, including newborns <28 days, from 

2001-2006 was demonstrated in the PHIS study (Kim et al., 2008). In contrast, the incidence 

of CDI-related hospitalizations in infants increased 80% from 2000-2005, with an 18.5% 

annual increase, in the National Inpatient Sample database (Zilberberg et al., 2008). High 

colonization rates and different institutional testing policies complicate interpretation of CDI 

trends in infants. Collectively, these large epidemiologic studies have demonstrated that C. 

difficile is an important pediatric enteropathogen in the hospital setting, especially in 

children 1-5 years of age.

Community-acquired CDI in children is also becoming more common. A significant 

proportion of children who acquire C. difficile in the community lack traditional CDI risk 

factors, including recent antibiotic use and health-care exposure. The incidence of 

community-acquired CDI increased from 0.841 to 2.036 cases per 1,000 emergency room 
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visits at the Children’s National Medical Center in Washington, D.C., between 2001—2006. 

Forty-three percent of these children had no history of recent antibiotic use (Benson et al., 

2007). Similarly, from January-August 2008, 25% of 134 pediatric CDI cases at Boston 

Children’s Hospital were community-acquired, 65% of whom reported no recent antibiotic 

exposure (Sandora et al., 2011).

Recognition of epidemic, restriction endonuclease analysis group BI, North American 

pulsed field gel electrophoresis type 1, ribotype 027 (BI/NAP1/027) C. difficile strains has 

been associated with increasing CDI prevalence and mortality in adults (McDonald et al., 

2005). The BI/NAP1/027 C. difficile strains are characterized by fluoroquinolone resistance, 

production of C. difficile transferase (CDT) or binary toxin, and tcdC gene deletions (Loo et 

al., 2005). These strains are endemic throughout the US, Canada, and Europe (Warny et al., 

2005) and may be contributing to increasing pediatric CDI rates as well. In some pediatric 

hospitals, NAP1 strains constitute 20% of C. difficile isolates (Toltzis et al., 2009).

Pathogenesis

Commensal colonization of the neonatal gastrointestinal tract begins with passage through 

the birth canal and the first meal. During the first 6 months, considerable infant intestinal 

microbial diversity is present. However, the infant’s intestinal microbiota evolves to 

resemble adult colonic microflora by 12 months, consisting primarily of Bacteroides and 

Firmicutes anaerobes (Palmer et al., 2007). Adult commensal organisms are believed to 

provide “colonization resistance,” limiting overgrowth of enteric pathogens such as C. 

difficile. Antibiotic disruption of the indigenous microbiota plays a key role in C. difficile 

pathogenesis. Decreased gut microbiota diversity and numbers of Bacteroides and 

Firmicutes bacteria have been associated with recurrent CDI (Chang et al., 2008).

Frequent asymptomatic C. difficile carriage among infants is not well understood. Although 

the majority of colonizing C. difficile strains are non-toxigenic (Larson et al., 1982; Kato et 

al., 1994), toxigenic strains are often isolated as well (Al-Jumaili et al., 1984; Bolton et al., 

1984). Fecal C. difficile levels in asymptomatic infants are similar to adults with 

pseudomembranous colitis (Stark et al., 1982). Infantile fecal microbiota composition has 

been hypothesized to protect against disease (Naaber et al., 1997; Kleesen et al., 1995). 

Resistance to C. difficile toxins due to lack of toxin receptor expression on gastrointestinal 

epithelial cells in infancy has also been hypothesized, based upon a rabbit model. Minimal 

toxin binding in the newborn rabbit ileum was associated with intestinal toxin A receptor 

absence; increased ileal toxin binding was observed with increasing age (Eglow et al., 

1992).

C. difficile toxins A and B, encoded by the tcdA and tcdB genes in the pathogenic gene locus 

(PaLoc), mediate CDI pathogenesis. C. difficile strains producing only toxin B (A-B+) may 

cause disease, while toxin A only (A+B-) strains and non-toxigenic isolates lacking the 

PaLoc virulence genes are non-pathogenic (Alfa et al., 2000).
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Host Immune Response to CDI

The human immune response to CDI is not well characterized. Elevated toxin A serum 

immunoglobulin levels have been reported to be protective against symptomatic infection 

(Kyne et al., 2000) and recurrence (Kyne et al., 2001) among hospitalized adult patients. 

However, other adult studies have described serum anti-toxin B antibody’s essential role 

(Leav et al., 2010) or no protection with humoral immunity against CDI (Loo et al., 2011). 

Pediatric literature regarding host immunity to CDI is scant. Six children with multiple CDI 

recurrences were reported to have lower anti-toxin A IgG levels compared to healthy 

children and adults (Leung et al., 1991).

Risk Factors for CDI

Several CDI risk factors have been well-established, including intestinal microbiome 

alteration with medications such as antibiotics, exposure to C. difficile in healthcare settings, 

and significant, chronic underlying conditions. However, with increasing community-

acquired CDI in children, many of whom did not receive antibiotics, further evaluation of 

the importance of these risk factors in children is necessary.

Virtually all antibiotics have been shown to increase susceptibility to CDI in adults, and 

extensive literature supports CDI development with clindamycin, cephalosporin, and 

penicillin use (Thomas et al., 2003). Similar findings regarding the impact of antimicrobials 

on CDI susceptibility have been reported in pediatric studies. A nested case-control analysis 

of a retrospective pediatric cohort demonstrated that antibiotics in the past four weeks was a 

significant predictor of CDI (Sandora et al., 2011).

C. difficile acquisition is primarily related to healthcare exposure. Increased neonatal 

colonization has been associated with greater healthcare environmental contamination 

(Larson et al., 1982) and longer hospitalization stays (Delmee et al., 1988).

Chronic pediatric co-morbidities such as immunosuppression (Wolfhagen et al., 1994), 

inflammatory bowel disease (Pascarella et al., 2009), Hirschsprung’s disease (Hardy et al., 

1993), hematologic and oncologic diseases (Castagnola et al., 2009), solid organ 

transplantation (Sandora et al., 2011), and cystic fibrosis (Pohl et al., 2011) have been shown 

to predispose to CDI. The presence of a gastrostomy (G tube) or jejunostomy (J tube) has 

also been significantly associated with CDI (Sandora et al., 2011). In the PHIS study, 67% 

of pediatric cases had chronic medical conditions including neuromuscular, cardiovascular, 

respiratory, renal, gastrointestinal, hematologic, immunologic, metabolic, malignancy, or 

congenital disorders (Kim et al., 2008).

Other proposed factors related to pediatric CDI include delivery method, feeding pattern, 

and use of acid suppressive agents. Maternal-infant transmission appears unlikely, with 

infrequent vaginal colonization with C. difficile (Larson et al., 1982; Matsuki et al., 2005) 

and no difference in neonatal colonization irrespective of delivery mode, whether vaginal or 

caesarean section (Bolton et al., 1984).
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C. difficile colonization is influenced by infant feeding behavior. Exclusively breast-fed 

infants are significantly less frequently colonized (14-16%) than breast-fed infants who also 

receive formula or solids (35%) and formula-fed only infants (30-62%) (Cooperstock et al., 

1983; Penders et al., 2005). Breast milk’s protective effect may be related to the distinct 

intestinal microbiome composition of breast-fed children compared to formula-fed infants 

(Stark and Lee, 1982). In addition, secretory IgA in breast milk has been shown to block 

toxin A binding to purified hamster-toxin receptors in in vitro studies (Rolfe and Song, 

1995).

A recent meta-analysis of 23 studies involving 288,000 patients, mostly adults, reported a 

65% increase in CDI incidence among patients receiving proton-pump inhibitors (PPIs) 

(Janarthanan et al., 2012). However, pediatric study results regarding the role of gastric acid 

suppressive therapy in CDI are conflicting (Sandora et al., 2011; Turco et al., 2010).

Transmission

CDI is transmitted fecal-orally, through person-to-person contact or contaminated 

environmental surfaces. Resistance of C. difficile spores to heat, acidity, and many 

disinfectants enables environmental persistence for prolonged time periods (Wilcox et al., 

2003). Upon ingestion, spores survive gastric acidity and germinate into the vegetative form 

in the colon. Up to 1×104 to 1×107 C. difficile spores/gram of stool may be excreted 

(Mulligan et al., 1984). Spore aerosolization may also lead to CDI dissemination (Best et al., 

2010).

Asymptomatic carriers of toxigenic strains, including a significant proportion of colonized 

infants, may serve as a reservoir and contribute to C. difficile transmission. Toxigenic 

isolates from asymptomatically infected children <2 years of age have been shown to 

correspond with infectious strains in adults residing in the same geographic region of France 

(Rousseau et al., 2011). Close contact with children ≤2 years of age was significantly 

associated with community-associated CDI in a case-control study of adults in the United 

Kingdom (Wilcox et al., 2008). In addition, genetically identical strains have been detected 

in post-partum women with recurrent CDI and their colonized infants in published case 

series (McFarland et al., 1999).

Clinical Manifestations

C. difficile infection causes a spectrum of symptoms, including asymptomatic colonization; 

mild, watery diarrhea; and severe pseudomembranous colitis. Infants are usually 

asymptomatically colonized. Most symptomatic children experience mild-moderate watery 

diarrhea, associated with fever, anorexia, or abdominal pain. Among 200 Canadian children 

with CDI, 79% presented with watery diarrhea and 12.5% with bloody diarrhea (Morinville 

and McDonald, 2005). Fever (84%), moderate diarrhea (passage of 7-10 stools/day; 60%), 

abdominal pain (40%), and bloody diarrhea (24%) were relatively frequent CDI 

manifestations among 45 Indian children (Gogate et al., 2005). Similar to adults, 20-30% of 

children will experience ≥1 recurrence following their initial episode (Morinville and 

McDonald, 2005). Chronic diarrhea may lead to growth retardation (Sutphen et al., 1983).
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Stratification of C. difficile disease severity is not well-defined, and no validated scoring 

system for severe CDI is available. A recent pediatric study classified severe CDI based 

upon the presence of CDI-related complications (pseudomembranous colitis, toxic 

megacolon, gastrointestinal perforation, pneumatosis intestinalis, intensive care unit 

admission, or surgical intervention), abnormal laboratory markers (leukocytosis, leukopenia, 

hypoalbuminemia, or elevated creatinine), and clinical parameters (fever or bloody 

diarrhea). Forty-eight of 82 (59%) CDI children developed severe disease, including 8 

children who experienced complications. However, no differences in clinical outcomes were 

noted between children with severe versus non-severe CDI (Kim et al., 2012).

Other pediatric CDI studies have reported a lower frequency of CDI complications. Among 

the 200 Canadian children with CDI, 2% developed severe morbidity or mortality. Three 

children required intensive care unit admission; one required exploratory laparotomy; two 

died (Morinville and McDonald, 2005). One percent of children required colectomy, and 4% 

expired among CDI cases in the PHIS study (Kim et al., 2008). No CDI complications were 

reported among pediatric cases at Boston Children’s Hospital (Sandora et al., 2011).

Diagnosis of CDI

Diagnostic methods are evolving, as use of molecular techniques is becoming widespread. 

Once considered the reference standard with its relatively high sensitivity (75%-90%) and 

high specificity (97%-100%) (Peterson et al., 2007), cell culture cytotoxicity neutralization 

assay (CCNA) has been abandoned by many laboratories because of its slow turnaround 

time and the labor requirements. The rapid turn-around time, ease of testing, and high 

specificity of the enzyme immunoassay (EIA) for toxins A and B led to its use by the 

majority of clinical laboratories. However, alternative diagnostic approaches have been 

developed because of EIA insensitivity (Planche et al., 2008). Detection of glutamate 

dehydrogenase (GDH), an antigen present on toxigenic and non-toxigenic C. difficile, is 

associated with a high negative predictive value and is often incorporated in a multi-step 

algorithm with an EIA or molecular test. Most recently, polymerase chain reaction (PCR) 

tests with high sensitivity and specificity for toxins A and B genes have been developed. A 

comparison of the toxin EIA and PCR assay at Texas Children’s Hospital demonstrated 

sensitivities of 35% and 95%, respectively. Subsequent change from EIA to PCR as the 

routine CDI diagnostic test at this hospital was associated with the frequency of positive C. 

difficile tests increasing from 8% to 16% (Luna et al., 2011). Similar increases in C. difficile 

prevalence have been noted at other institutions utilizing the PCR assay (Fong et al., 2011). 

Although the PCR assay may be more expensive than other laboratory tests, the rapid 

turnaround time and the high sensitivity and specificity of these assays have been reported to 

lead to overall lower costs with more rapid discontinuation of contact isolation, decreased 

hospitalization stays, and discontinuation of inappropriate antibiotics (Tenover et al., 2011).

Evaluation for CDI should be reserved for children with diarrheal symptoms, defined as 

passage of ≥3 loose stools within a 24-hour period. Only unformed stools should be tested. 

Given the high rates of asymptomatic C. difficile colonization in children <1 year of age, 

routine testing of infants and neonates is not recommended (Dubberke et al., 2008). 

Evaluation for alternative enteropathogens should be considered as well, particularly in 
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younger children; approximately 10% of CDI cases may have a concomitant pathogen 

detected (Sandora et al., 2011). With the rising incidence of CDI in children who lack 

traditional risk factors, further studies are needed to help define children at greatest risk for 

CDI and most appropriate for testing.

Treatment

The management of Clostridium difficile infection involves three basic principles: 1) 

supportive care; 2) discontinuing the precipitating antibiotic(s); and 3) the initiation of 

effective anti-C. difficile therapy. Symptomatic support is critical for children, who may 

require aggressive intravenous hydration for diarrheal diseases. Adjunctive anti-motility 

agents (e.g., loperamide, diphenoxylate and atropine) have traditionally been discouraged 

due to concerns of increased intestinal contact time with toxins, although supporting 

evidence is limited. Discontinuation of the offending antibiotic may be sufficient for the 

resolution of mild symptoms (Gogate et al., 2005) and facilitates reconstitution of the 

normal enteric flora, which has been shown to decrease recurrence in adults (Fekety et al, 

1997).

No prospective clinical trials for CDI treatment in children have been conducted, and 

treatment recommendations are based on adult CDI studies. However, it is unclear whether 

adult CDI study results are appropriate for children. For primary mild-moderate CDI in 

children, oral metronidazole is considered the drug of choice (American Academy of 

Pediatrics, 2012) and is currently the most widely used agent by pediatricians in the US and 

Canada (Kim et al., 2008; Morinville and McDonald, 2005). This recommendation is based 

on similar efficacy between metronidazole and vancomycin for mild-moderate disease in 

adult studies, similar tolerability for oral administration of the two drugs in children, 

metronidazole’s lower cost, and concern for promotion of resistant pathogens including 

vancomycin-resistant enterococci (Zar et al., 2007). Decreased oral absorption related to 

rapid diarrheal transit and drug diffusion across inflamed colonic mucosa are believed to 

lead to intra-colonic metronidazole concentration; however fecal metronidazole 

concentration decreases as colonic inflammation resolves (Bolton and Culshaw, 1986). 

Peripheral neuropathy may develop with prolonged use.

Oral vancomycin with intravenous metronidazole is recommended for severe CDI in 

children (American Academy of Pediatrics, 2012). This recommendation is based on 

significantly improved outcomes in severe adult CDI patients who received vancomycin 

compared to metronidazole (Zar et al., 2007). However, most pediatricians continue to treat 

severe CDI in children with metronidazole alone. Kim et al. described 64% of mild-

moderate and severe pediatric CDI cases treated with only oral or intravenous 

metronidazole. No difference in the frequency of clinical treatment failure or recurrence was 

observed between patients with severe or non-severe CDI (Kim et al., 2012). Future 

pediatric studies are needed to evaluate whether oral vancomycin, which is poorly absorbed 

leading to high intestinal drug levels and has a favorable side effect profile, is more effective 

for severe CDI in children.
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Fidaxomicin, a macrocyclic antibiotic, was approved in the U.S. in May 2011 for adults with 

CDI. Despite its high cost, its minimal systemic absorption with excellent safety profile, 

limited activity against normal gut flora, and potent activity against C. difficile make it a 

promising future therapeutic candidate for children. Randomized double-blind clinical trials 

have demonstrated similar clinical cure rates with fidaxomicin and vancomycin, but 

significantly lower recurrence with fidaxomicin (Louie et al., 2011). Children were excluded 

in these studies; however, pediatric studies evaluating fidaxomicin are currently in 

development.

Treatment strategies similar to adults are often used in children with recurrent CDI. A 

second course of the initially successful antibiotic is used with the first recurrence. If this 

treatment fails, then tapered or pulsed vancomycin regimens can be used (American 

Academy of Pediatrics, 2012).

Reconstitution of “colonization resistance” may also be effective for C. difficile recurrence 

treatment. Fecal transplantation or probiotics have been successfully used in case reports of 

children with recurrent CDI. A 2 year-old child who relapsed despite several different 

therapeutic regimens for recurrent CDI was successfully treated with fecal transplantation 

from a parent donor (Russell et al., 2010). A second child with surgically-corrected 

Hirschsprung’s disease and recurrent CDI was given Saccharomyces boulardii, which led to 

fewer episodes and eventual symptom resolution (Ooi et al., 2009). Non-toxigenic C. 

difficile colonization may also be beneficial. Two adult patients with recurrent CDI given 

oral doses of non-toxigenic strains experienced no further recurrence or adverse events (Seal 

et al., 1987).

Prevention

Monoclonal antibodies to toxins A and B may be helpful as an adjunct to traditional CDI 

therapy for secondary prophylaxis. A randomized, double-blind trial demonstrated 

significantly decreased CDI recurrence in adults with a combination of monoclonal 

antibodies to toxins A and B compared to placebo (Lowy et al., 2010).

Additionally, candidate vaccines for CDI are in the early stages of development. A formalin-

inactivated toxoid vaccine against toxins A and B, currently undergoing phase II evaluation, 

successfully interrupted multiple episodes of recurrent CDI in three adult patients (Foglia et 

al., 2012).

Limiting inappropriate antibiotic usage, contact isolation, decontamination of contaminated 

surfaces with sporicidal cleaning agents, and handwashing are critical components of 

nosocomial prevention of C. difficile dissemination. Alcohol-based hand sanitizers may not 

be as effective as handwashing with soap and water because of spore resistance to alcohol. 

In one study, hand cleansing with an alcohol-based handrub was equivalent to no 

intervention, whereas handwashing with soap and water was most effective for eliminating 

C. difficile contamination (Oughton et al., 2009).
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Conclusions

Clostridium difficile is emerging as an important enteric pathogen in children. With the 

emergence of epidemic strains and the advent of more sensitive diagnostic methods, CDI 

prevalence is increasing in the pediatric population, including community-acquired CDI. 

Historically considered a commensal among infants, CDI has not been well-studied in 

children. Further studies investigating the significance of C. difficile detection among 

different age groups, the pathogenesis of CDI, and optimal therapeutic and preventative 

strategies are urgently needed, as recommendations based upon adult studies may not be 

appropriate for children.
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Table 2

Comparison of CDI Characteristics among Adult versus Pediatric Patients

CDI Characteristic Adult Children Reference

Epidemiology

 C. difficile colonization Uncommon Frequent among infants Al-Jumaili et al., 1984; Loo et 
al., 2005

 Community-acquired CDI Increasing prevalence Increasing prevalence Benson et al., 2007; Khanna 
et al., 2012

 BI/NAP1/027 strain prevalence ~20% of isolates ~20% of isolates Toltzis et al., 2009; Wilcox et 
al., 2012

Pathogenesis Toxin-mediated Poorly understood; frequent 
asymptomatic carriage hypothesized 

to be related to intestinal 
microbiome composition or lack of 

toxin receptors

Kleesen et al., 1995; Eglow et 
al., 1992; Voth and Ballard, 

2005

Host genetic susceptibility Possible role for IL-8 gene 
SNP

Unknown Garey et al., 2010

Host immunity Possible protection with 
antibodies against toxins A and 

B

Not well studied Kyne et al., 2000; Leung et 
al., 1991; Lowy et al., 2010

Risk factors Older age, antibiotic and 
healthcare exposure, significant 

co-morbidities

Antibiotic and healthcare exposure, 
significant co-morbidities; 

protection with breast feeding

Sandora et al., 2011; Kyne et 
al., 2002

Transmission Fecal-oral Possible reservoir of colonized 
infants

Rousseau et al., 2011; Wilcox 
et al., 2008

Clinical manifestations Bloody diarrhea rare; 
recurrence in ~25% patients

Bloody diarrhea relatively common; 
recurrence in ~25% patients

Morinville and McDonald, 
2005; Mogg et al., 1979

Treatment Mild-moderate: Metronidazole 
Severe: Vancomycin

No well-designed clinical trials to 
guide treatment recommendations

Zar et al., 2007

Prevention Monoclonal antibodies, 
vaccines, probiotics currently 

in development

No well-designed clinical trials 
conducted

Lowy et al., 2010; Foglia et 
al., 2012; McFarland et al., 

1994
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