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A B S T R A C T

Objectives: Clostridioides (previously Clostridium) difficile is a major growing cause of nosocomial
diarrhoea known as C. difficile infection (CDI). This study investigated the prevalence and antimicrobial
resistance patterns of C. difficile isolated from patients suffering from diarrhoea in Iran between 2016–
2018.
Methods: A total of 151 stool specimens were collected and were screened for the presence of C. difficile.
Specimens were examined for toxins by culture, enzyme immunoassay (EIA) and PCR. Antimicrobial
susceptibility testing was performed for 12 antibiotics (metronidazole, vancomycin, clindamycin,
tetracycline, erythromycin, ciprofloxacin, levofloxacin, moxifloxacin, fusidic acid, piperacillin, piper-
acillin/tazobactam and rifampicin) by the disk diffusion method according to the guidelines of the CLSI,
EUCAST and CA-SFM.
Results: Of 151 stool specimens, 66 (43.7%) were positive for C. difficile by PCR, whereas 2 (1.3%) were only
positive for C. difficile toxins based on EIA. A total of 292 clostridial isolates were obtained from specimens
by culture, of which 133 (45.5%) were finally confirmed as C. difficile by PCR. Of 121 isolates resistant to at
least one antibiotic, 107 (88.4%) were resistant to three or more antimicrobials and thus were defined as
multidrug-resistant (MDR). Different and diverse resistance patterns to the antimicrobial drugs were
seen among the isolates.
Conclusion: This is the first report of the isolation of C. difficile from different governmental hospitals of
Iran and indicates that CDI might be an important nosocomial infection in different hospital wards.
Moreover, this study provides a comprehensive picture of the MDR phenotype characteristics of C. difficile
isolates in Iran.
© 2019 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All

rights reserved.
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1. Introduction

Clostridium difficile has recently been reclassified and renamed
as Clostridioides difficile [1]. It is an obligate, anaerobic, spore-
forming bacillus present in 2–5% of healthy adults but in 10–20% of
the elderly population as a part of the gut flora. Clostridioides
difficile, a nosocomial enteric pathogen, is the major infectious
cause of antibiotic-associated diarrhoea, antibiotic-associated
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colitis, colon dilation, pseudomembranous colitis, toxic mega-
colon, sepsis and even death, collectively known as C. difficile
infection (CDI), among hospitalised patients [2–4].

Clostridioides difficile-associated diarrhoea is common in
hospitals. CDI is recognised as the main cause of nosocomial
infectious diarrhoea, and its international spread has made it more
challenging than ever. The increased morbidity and mortality
among hospitalised patients has had a huge economic burden on
healthcare systems worldwide [5,6]. Outbreaks of severe CDI have
been caused by the hypervirulent strain C. difficile PCR ribotype 027
(CD027) in Canada [7] and European countries [8]. Two major
toxins, namely enterotoxin A (TcdA) and cytotoxin B (TcdB), as well
as the binary toxin (CDT) mediate the pathogenesis of CDI. TcdB is
lished by Elsevier Ltd. All rights reserved.
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considered more important than TcdA and is essential for C. difficile
virulence [6,9]. Production of the major toxins by CD027 strains
can be approximately 20 times higher than that in common
C. difficile strains [9].

There are multiple risk factors for the development of CDI,
including antibiotic therapy and its duration, administration of
multiple antibiotics, increasing age, severity of underlying
diseases, non-surgical gastrointestinal procedures, presence of a
nasogastric tube, anti-ulcer medications, duration of hospital stay,
and stay in the intensive care unit (ICU) [10]. Clostridioides difficile
spores are resistant to heating, drying and many commonly used
disinfectants, thus they can survive in the hospital setting for >6
months and can spread in hospitals via medical devices and staff
[11,12].

Antibiotic treatment is the most important risk factor for CDI,
which commonly occurs after long antibiotic therapies in health-
care facilities [13]. Multidrug-resistant (MDR) strains are consid-
ered to be important in C. difficile persistence and their spread in
hospital facilities. Over the years, metronidazole and vancomycin
have been the standard antimicrobial therapies for CDI [14,15],
however there have been reports of recurrence with these and
other antibiotics as well as reduced rates of susceptibility [16–20].
Fusidic acid has been suggested as an alternative drug [21]. This
highlights the need for new antimicrobial agents as well as
antimicrobial susceptibility testing of C. difficile strains. Thus,
surveillance of the antibiotic resistance profiles and diagnosis of
MDR C. difficile strains appears to be of significant importance.

Laboratory determination of C. difficile and its related toxins is
highly desirable both for epidemiological studies and for the
diagnosis of CDI and is associated with better prognosis [6].
Clinicians can prescribe appropriate therapies and deploy ade-
quate measurements to control the nosocomial spread of C. difficile
with the use of an accurate and rapid diagnostic test. For this
reason, various methods such as tissue culture assay, stool culture,
toxin enzyme immunoassay (EIA) and PCR-based methods may be
used. Culture assay for cytotoxin B is the ‘gold standard’ for
diagnosis of C. difficile. Others are used as alternative methods.
Bacteriological stool culture requires special media and appropri-
ate methods for isolation of C. difficile. It is recommended by some
authors because of its advantages, including detection of toxigenic
isolates in culture-negative stool specimens as well as the
availability of isolates suitable for toxigenic typing, determination
of toxinogenesis (toxigenic culture), molecular analysis and
determination of antimicrobial susceptibility. EIAs are also
available to detect TcdA and/or TcdB in stool specimens. Moreover,
molecular identification of C. difficile by various PCR techniques has
been used frequently [22–24].

The current study was performed to evaluate the prevalence of
C. difficile in stool specimens of hospitalised patients and
outpatient cases suffering from diarrhoea in Iranian governmental
hospitals. The methodological approaches were bacteriological
stool culture and toxin A/B EIA test, followed by PCR targeting a
species-specific 16S rRNA internal fragment to confirm the isolate
identity. The aim was also to assess the antimicrobial resistance
patterns and to detect MDR C. difficile strains. We believe this study
is an initial step towards the introduction of proper interventions
to control CDI in Iran.

2. Materials and methods

2.1. Patients

During the 2-year study period (March 2016 to March 2018), a
total of 151 stool specimens from inpatients with suspected CDI
(137 cases) in different hospital wards (infectious diseases,
paediatrics, general, surgery and ICU/CCU) as well as outpatients
(14 cases) suffering from diarrhoea were collected from six
governmental hospitals and one medical laboratory in Kerman,
Iran. Among the 151 patients, 67 (44.4%) were male and 84 (55.6%)
were female. Diarrhoea was defined as two or more watery, loose
or unformed stools per 24 h for �2 days [25]. The frequency of
investigated patients from the different locations was as follows:
120 (79.5%) infectious diseases; 11 (7.3%) paediatrics; 2 (1.3%)
general; 1 (0.7%) surgery; 3 (2.0%) ICU/CCU; and 14 (9.3%)
outpatients. Patients were stratified into four age groups as
follows: <18 years (paediatrics); 18–44 years (adults); 45–64 years
(elderly adults); and �65 years (geriatric). The frequency of
investigated patients in the different age groups was as follows: 23
(15.2%) paediatrics; 102 (67.5%) adults; 20 (13.2%) elderly adults;
and 6 (4.0% geriatric. Demographic and clinical information, e.g.
long hospitalisation (>5 days), clinical symptoms, antibiotic use
and underlying conditions, were collected for all patients from
their medical record. Patient complaints included fever, abdominal
pain, nausea, vomiting, colitis, diarrhoea and dysentery. Faecal
samples were screened for the presence of C. difficile and its toxins
by bacteriological culture, toxin EIA and PCR tests. The protocol for
this study was approved by the local ethics committee Kerman
University of Medical Sciences (Kerman, Iran).

2.2. Toxin diagnosis

Fresh faecal specimens were immediately transported to the
laboratory and were stored at �20 �C until they were tested for
qualitative determination of toxin A and toxin B (enterotoxin and
cytotoxin) of C. difficile. Samples were analysed using a
RIDASCREEN1 Clostridium difficile Toxin A/B EIA kit (R-Biopharm,
Darmstadt, Germany; Art. No. C0801). The assay was performed
and interpreted according to the manufacturer’s instructions for
sample storage and methods. Of the 151 human stool samples, 94
(corresponding to the first 55 patients positive for C. difficile and
the first 39 patients negative for C. difficile) were tested by EIA.

2.3. Stool culture and isolation of Clostridioides difficile

Fresh faecal specimens of patients were processed and cultured
for pathogenic bacteria using standard techniques. Briefly, an
approximately 1 mL aliquot of stools was thoroughly mixed and
was treated with an equal volume of 95% ethanol. Following
incubation of the suspension at room temperature (20–25 �C) for
15 min, the suspension was inoculated on a C. difficile selective agar
plate (QUELAB Laboratories Inc., Montreal, Quebec, Canada)
supplemented with D-cycloserine (250 mg/L) and cefoxitin
(8 mg/L). Plates were incubated in an anaerobic chamber with
atmosphere inclusion of 0% O2, 10% H2, 10% CO2 and 80% N2 at 37 �C
for 48 h. All plates were monitored daily up to 5 days. Clostridioides
difficile colonies were presumptively identified on the basis of their
characteristic morphology on selective agar plates, specific horse-
stable odour, Gram stain and green-chartreuse fluorescence under
ultraviolet light. Samples confirmed as C. difficile were stored in
cryopreservative beads (Microorganism Preservation System-
Protect; Technical Service Consultants Ltd., Lancashire, UK) at
�70 �C for further molecular identification.

2.4. Confirmation of Clostridioides difficile isolates by PCR

Isolates were then confirmed as C. difficile by PCR for the 16S
rRNA gene (a species-specific gene for internal PCR control). DNA
was extracted using the protocol provided in the SinaPure DNA
Gram-positive Bacteria Kit (EX6021; SinaClon Bioscience, Karaj,
Iran). The PCR assay was performed in a total reaction volume of
25 mL with the following reagents: 2.5 mL of extracted DNA with
12.5 mL of ready-to-use PCR Master Mix 2� (MM2011;
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SinaClon Bioscience), 0.7 mL (100 pmol/mL) of specific
forward (50-CCTCCTCAAGTACCGTCATTATC-30) and reverse
(50-CAAAGGTGAGCCAGTACAGGA-30) primers (SinaClon Biosci-
ence) and dH2O up to a volume of 25 mL. Amplicons were obtained
as follows: initial denaturation at 94 �C for 5 min; 35 cycles of
denaturation at 94 �C for 45 s, annealing at 51 �C for 45 s and
extension at 72 �C for 40 s; followed by a final extension at 72 �C for
4 min. Amplification products were fractionated by electrophoresis
through 1.5% standard agarose gel.

2.5. Antimicrobial susceptibility testing

Antimicrobial susceptibility testing to 12 antibiotics (metroni-
dazole, vancomycin, clindamycin, tetracycline, erythromycin,
ciprofloxacin, levofloxacin, moxifloxacin, fusidic acid, piperacillin,
piperacillin/tazobactam and rifampicin) was carried out for
isolated C. difficile strains by the disk diffusion method on
Mueller–Hinton agar (HiMedia Laboratories, Maharashtra, India)
according to the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) [26,27], the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [28] and the Comité
de l’Antibiogramme de la Société Française de Microbiologie (CA-
SFM) [29] as well as data that were recently published by Erikstrup
et al. [30]. Antimicrobial disks were purchased from Padtan-teb Co.
(Tehran, Iran), Rosco Diagnostica A/S (Taastrup, Denmark) and
Bioanalyse1 (Ankara, Turkey).

2.6. Statistical analysis

Data analysis was performed using IBM SPSS Statistics v.21.0
(IBM Corp., Armonk, NY). The χ2 test and Fisher’s exact test were
applied to compare differences among categorical variables and
different groups. Statistically significant differences were defined
as a P-value of <0.05.

3. Results

3.1. Diagnostic results

During the 2-year study period, a total of 151 stool specimens
from patients suspected of having CDI were tested. Of the 151
patients who met the study inclusion criteria, 66 (43.7%)
had toxigenic C. difficile isolates recovered from their samples
confirmed by PCR and 85 (56.3%) gave rise to negative results for C.
difficile isolation (Table 1); 2 samples (1.3%) were only positive for
C. difficile toxin by the EIA method (P < 0.05). Both positive cases
that were identified as CDI-positive were from the infectious
diseases ward and were in the adult (18–44 years) age group.

3.2. Clostridioides difficile isolation and confirmation by PCR

All 151 faecal specimens were processed and cultured on
selective agar plates and were monitored daily. One to three
colonies were selected from each plate based on colony
Table 1
Rate of Clostridioides difficile positivity by PCR in suspected C. difficile infection (CDI) p

Positivity n (%) 

Paediatrics ICU/CCU ID Ge

Positive 3 (2.0) 2 (1.3) 53 (35.1) 1 (
Negative 8 (5.3) 1 (0.7) 67 (44.4) 1 (
Total 11 (7.3) 3 (2.0) 120 (79.5) 2 (

ICU, intensive care unit; CCU, critical care unit; ID, infectious diseases; O/P, outpatient.
morphology and specific bacterial characteristics. A total of 292
clostridial isolates were recovered and were subjected to PCR to
confirm C. difficile isolates. A total of 133 isolates (45.5%) were
positive for the 16S rRNA control gene and were confirmed as
C. difficile strains. They were obtained from stool specimens of 66
CDI-suspected patients (2 C. difficile isolates from each faecal
sample, approximately). Among the investigated patients, 34.8%,
49.0%, 30.0% and 33.3% of cases in the paediatric, adult, elderly
adult and geriatric age groups, respectively, showed positive
results for C. difficile isolation by PCR (Table 2). PCR-confirmed
isolation rates of C. difficile in male and female patients were 46.3%
and 41.7%, respectively. These rates did not differ significantly
between sex (P > 0.05) and age groups (P > 0.05).

3.3. Antibiotic resistance profiles

Of the 133 investigated C. difficile strains, 121 (91.0%) were
resistant to at least one antibiotic, of which 2 (1.7%) were resistant
to only one antibiotic, 12 (9.9%) were resistant to two antibiotics
and 107 (88.4%) were resistant to at least three antibiotics and thus
were defined as MDR. Resistance to erythromycin, fusidic acid and
rifampicin, followed by clindamycin, was observed most frequent-
ly (Table 3). Multiple diverse resistance patterns to the antimicro-
bial drugs were seen among the isolates (Table 4).

4. Discussion

Clostridioides difficile is the leading cause of nosocomial
infections and represents a great threat to public health. In this
study, the prevalence of C. difficile was determined in Iranian
hospitalised patients and outpatients as 43.7% (66/151). Identifi-
cation of CDI patients in governmental hospitals was performed
and the presence of C. difficile was confirmed in stool specimens of
investigated patients by culture, toxin A/B EIA and PCR-based
diagnostic assays.

Rapid diagnosis of C. difficile is important for clinicians to
choose the best and appropriate therapy for CDI and to take
appropriate measures to control its nosocomial spread [31]. It is
thought that nutritional conditions, age, genetic factors, immuno-
logical alterations, diseases and antimicrobial therapy can interfere
with C. difficile isolation [32]. Clostridioides difficile was isolated
from 43.7% of patients with nosocomial diarrhoea in the current
study. According to a previous study, C. difficile was isolated from
6.1% of Iranian patients with nosocomial diarrhoea and 4% of
children with diarrhoea [33]. A rate of 4.9% was reported for
Turkish diarrhoeic patients [34]. Furthermore, EIAs for toxins A/B
are commercially available and are currently used most frequently
by clinical laboratories to diagnose CDI [35]. In view of the current
results, PCR showed rapid and reliable results as an initial
diagnostic tool for C. difficile.

CDI as a major nosocomial infection has recently risen in
medical centres and hospital wards following antibiotic therapy.
This study was undertaken to determine the prevalence of CDI in
patients with nosocomial diarrhoea in Iranian governmental
atients from different hospital wards.

Total P-value

neral Surgery O/P

0.7) 1 (0.7) 6 (4.0) 66 (43.7) >0.05
0.7) 0 (0.0) 8 (5.3) 85 (56.3)
1.3) 1 (0.7) 14 (9.3) 151 (100)



Table 2
Clostridioides difficile isolation rates from investigated patients based on sex and age group.

Group Positive Negative Total 95% CI for positive samples P-value

n % n % n %

Sex
Male 31 46.3 36 53.7 67 100 34.3–58.2 0.344
Female 35 41.7 49 58.3 84 100 31.1–52.2
Total 66 43.7 85 56.3 151 100 35.8–51.6

Age group
<18 years 8 34.8 15 65.2 23 100 15.3–54.2
18–44 years 50 49.0 52 51.0 102 100 39.3–58.7 0.295
45–64 years 6 30.0 14 70.0 20 100 9.9–50.1
�65 years 2 33.3 4 66.7 6 100 –4.4 to 71.0
Total 66 43.7 85 56.3 151 100 35.8–51.6

CI, confidence interval.

Table 3
Antimicrobial agents, zone diameters and resistance rates of Clostridioides difficile isolates (n = 133).

Antimicrobial agent (concentration) Diffusion zone diameter (mm) Resistance

S R Standard guideline S (n) R (n) RR (%)

Metronidazole (5 mg) �15 <15 EUCAST 123 10 7.5
Levofloxacin (5 mg) �17 �13 EUCAST 102 31 23.3
Moxifloxacin (5 mg) �21 <18 EUCAST 101 32 24.1
Piperacillin/tazobactam (100/10 mg) �21 �17 CA-SFM 87 46 34.6
Piperacillin (100 mg) �21 �17 CA-SFM 84 49 36.8
Ciprofloxacin (5 mg) �21 �14 CLSI 79 54 40.6
Vancomycin (30 mg) �19 <19 EUCAST 77 56 42.1
Tetracycline (30 mg) �19 <17 CA-SFM 66 67 50.4
Clindamycin (2 mg) �15 <15 CLSI 51 82 61.7
Rifampicin (5 mg) �20 �16 CLSI 42 91 68.4
Fusidic acid (10 mg) �26 �22 CLSI 36 97 72.9
Erythromycin (15 mg) �22 <17 CLSI 35 98 73.7

S, susceptible; R, resistant; EUCAST, European Committee on Antimicrobial Susceptibility Testing; CA-SFM, Comité de l’Antibiogramme de la Société Française de
Microbiologie; CLSI, Clinical and Laboratory Standards Institute; RR, resistance rate.
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hospitals. The results showed that many of patients with diarrhoea
carried C. difficile in their stools, which differed significantly
between hospital wards (P = 0.027). CDI was confirmed in only 1.3%
of hospitalised patients suffering from diarrhoea. This was lower
than a previous study in Iran that detected CDI in 5.3% of patients
with gastrointestinal complaints [35].

Risk factors for CDI have been described previously [36].
Length ofhospitalisation, type and duration of antimicrobial
therapy, patient age and severity of underlying illnesses are
some of the predisposing factors that may influence the
incidence rate of CDI. All 151 investigated patients with
C. difficile-positive stool samples had received antibiotics at the
time of or prior to sampling. These results are in accordance with
another study in Iran [37] but are in contrast to another report that
only 4.6% of patients with toxigenic C. difficile were receiving
antibiotics at the time of sampling and 96.4% of them had not used
antibiotics [35].

Antimicrobial therapy, as the most important risk factor for C.
difficile colonisation, plays a principal role in CDI [38]. Administra-
tion of clindamycin, fluoroquinolones, third-generation cephalo-
sporins and penicillins have the greatest risk for CDI [38]. In the
current study, C. difficileisolates showed the highest antibiotic
resistance rates to erythromycin, fusidic acid, rifampicin and
clindamycin. The observed resistance patterns against the tested
antibiotics were diverse (72 different patterns). Of the 121
isolates resistant to at least one antibiotic, 107 (88.4%) showed
MDR characteristics, and many of them were resistant to
different classes of antibiotics, including fluoroquinolones,
lincosamides, macrolides, ansamycins, fusidanes, tetracyclines,
nitroimidazoles, β-lactam/β-lactamase inhibitors and glycopep-
tides. MDR phenotypes were recently observed in 67.3% of
Iranian C. difficile isolates [39]. Multidrug resistance may be
caused by accumulation of multiple resistance genes typically on
resistance plasmids or by high expression of genes coding for
multidrug efflux pumps [40]. Characterisation of MDR C. difficile
isolates shows the potential advantages of this pathogen over the
co-resident gut flora.

Metronidazole, vancomycin and, alternatively, fusidic acid have
been suggested for CDI treatment. Full susceptibility of C. difficile
isolates to metronidazole and vancomycin have been reported [14].
However, recent studies have reported failure of metronidazole to
treat CDI [41,42]. Resistance to metronidazole has gradually
increased in different countries and the rate is up to 9% of isolates
[18]. In a recent study in Iran, 67.4% of 46 C. difficile isolates showed
resistance to metronidazole [39]. In the current study, 10 C. difficile
isolates (7.5%) were resistant to metronidazole. This may be due to
differences in the number of investigated isolates. Metronidazole
resistance of C. difficile isolates in Iran may be generated by
excessive use of this antibiotic to treat CDI [43]. In addition to the
available treatments for CDI, other options such as faecal
microbiota transplantation, probiotic therapy, monoclonal
antibodies, vaccines and novel antibiotics are needed to control
and treat CDI [44].

This study has a number of limitations. First, the EIA test used
has a low sensitivity (89.7%) and acceptable specificity (96.8%) to
detect C. difficile toxins A/B. Second, molecular typing and
ribotyping of C. difficile isolates were not performed in this part
of the study.



Table 4
Different resistance patterns among Clostridioides difficile isolates (n = 133).

Phenotype Resistance patterns n %

S Full susceptibility 12 9.0
R Full resistance 10 7.5
P1 TET, CLI, RIF, FUS, ERY 5 3.8
P2 PIP, TZP, VAN, TET, CLI, RIF, FUS, ERY 5 3.8
P3 PIP, TZP, VAN, CLI, RIF, FUS, ERY 4 3.0
P4 PIP, TZP, VAN, TET, RIF, FUS, ERY, MFX, CIP 3 2.3
P5 VAN, TET, CLI, RIF, FUS, ERY, MFX, CIP 3 2.3
P6 VAN, RIF, FUS 3 2.3
P7 CLI, CIP, VAN, TET, RIF, FUS, ERY, LVX 3 2.3
P8 CLI, FUS, ERY 3 2.3
P9 CLI, FUS 3 2.3
P10 CLI, ERY 3 2.3
P11 CLI, RIF, FUS, ERY 3 2.3
P12 CLI 2 1.5
P13 MFX, CIP, VAN, TET, CLI, RIF, ERY, LVX 2 1.5
P14 MFX, CIP, VAN, CLI, FUS, ERY 2 1.5
P15 MFX, CIP, TET, CLI, RIF, FUS, ERY 2 1.5
P16 MFX, CIP, RIF, FUS, ERY, PIP, TZP, LVX 2 1.5
P17 TET, RIF, ERY 2 1.5
P18 TET, RIF, FUS 2 1.5
P19 VAN, TET, CLI, RIF, FUS, ERY 2 1.5
P20 VAN, CLI, FUS, ERY 2 1.5
P21 VAN, TET, RIF, FUS, ERY 2 1.5
P22 CIP, RIF, ERY 2 1.5
P23 CIP, VAN, TET, RIF, FUS, ERY 2 1.5
P24 CIP, VAN, CLI, RIF, FUS, ERY, LVX 2 1.5
P25 CIP, TET, CLI, RIF, FUS, ERY, PIP, TZP 2 1.5
P26–P70 Other phenotypes 45a 33.8
Total 133 100

TET, tetracycline; CLI, clindamycin; RIF, rifampicin; FUS, fusidic acid; ERY,
erythromycin; PIP, piperacillin; TZP, piperacillin/tazobactam; VAN, vancomycin;
MFX, moxifloxacin; CIP, ciprofloxacin; LVX, levofloxacin.

a One phenotype for each isolate (data not shown).

26 M. Alimolaei et al. / Journal of Global Antimicrobial Resistance 19 (2019) 22–27
5. Conclusions

To our knowledge, this study is the first report of the isolation of
C. difficile from different governmental Iranian hospitals. The
results indicate that CDI might be an important nosocomial
infection in hospitalised patients in different hospital wards. There
is little epidemiological information about CDI in Iran and it is
important to pay attention to this disease. The performance of PCR
was proven to be more superior to that of EIA in the diagnosis of C.
difficile. EIA can be used as a screening test but cannot be used as
the sole laboratory method to detect C. difficile. Further research is
needed to characterise the toxigenic C. difficile strains and types
that are distributed in this region. Moreover, this study provides a
good comprehensive picture of the MDR phenotype characteristics
of C. difficile isolates in Iran and represents an important source of
data for future comparative studies.
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