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Introduction: A leukocyte count ≥15,000 cells/mL and serum creatinine of >1.5 mg/dL have been reported as two important
predictors of severe CDI. However, the association of the differential ratios of blood leukocytes, and the prognosis of Clostridioides
difficile infection (CDI) is not clear.
Materials and Methods: A clinical study was conducted at medical wards of Tainan Hospital, Ministry of Health and Welfare in
southern Taiwan between January 2013 and April 2020. Hospitalized adults (aged ≥20 years) with hospital-onset CDI (ie, symptom
onset after at least 48 hours of admission) were included.
Results: A total of 235 adults with an average age of 75.7 years and female predominance (51.5%), including 146 (62%) adults with
non-severe CDI and 87 (38%) severe CDI, were included for analysis. Patients with severe CDI had a higher crude in-hospital
mortality rate than patients with non-severe CDI (35.6% vs 18.5%, P = 0.005). Multivariate analysis revealed no association between
a leukocyte count >15,000 cell/mL at the onset of CDI and in-hospital mortality (odds ratio [OR] 1.66, P = 0.21). In contrast,
a neutrophil ratio >75% (OR 2.65, P = 0.02), serum creatinine >1.5 mg/L (OR 3.42, P = 0.03), and CDI caused by isolates harboring
the tcdC gene (OR 3.54, P = 0.02) were independently associated with in-hospital mortality. Patients with a neutrophil ratio >85%, 80–
85%, or 75–80% of serum leukocytes had a higher mortality rate (34.8%, 30.3%, or 34.4%, respectively) than patients with
a neutrophil ratio of 70–75% or ≤75% (12.5% or 13.9%, respectively).
Conclusion: Serum creatinine >1.5 mg/L, a high neutrophil ratio of blood leukocytes (>75%), and the causative C. difficile harboring
the tcdC gene was independent prognostic predictors in hospitalized adults with CDI.
Keywords: Clostridioides difficile, leukocyte, differential ratio, neutrophil, prognosis, mortality

Introduction
Clostridioides difficile infection (CDI) is a common community-acquired or health care-associated intestinal infection
that has variable clinical presentations ranging from mild diarrhea, pseudomembranous colitis, and toxic megacolon to
death.1 Host immunity is associated with the disease severity of CDI.1,2 For host immunity, leukocytes or white blood
cells (WBCs) are a heterogeneous group of nucleated cells found in the circulation, with a normal range of 4000 and
10,000 per microliter in blood.3 Leukocytosis in CDI patients, especially leukocyte counts ≥ 15,000 cells/mL, is an
important predictor of poor clinical outcome, including treatment failure, prolonged hospitalization, and mortality.4,5
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Therefore, a leukocyte count ≥ 15,000 cells/mL and serum creatinine of > 1.5 mg/dL are two important predictors of
severe CDI, according to the clinical guidelines issued by the Infectious Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA) in 2017.6 These guidelines recommended oral vancomycin for non-
severe and severe CDI and metronidazole as an alternative choice for non-severe CDI.6

Neutrophils, accounting for 60–70% of serum leukocytes, are the first cells recruited at the site of infection.
Neutrophils attack, ingest, and digest microorganisms by producing reactive oxygen species.7 Neutrophils play an
important role in acute inflammatory settings, especially acute bacterial infections.7 During CDI, neutrophils are the
major defense cells that infiltrate affected intestinal tissue and participate in pathogen clearance. Therefore, neutrophilic
infiltration in the gut is an important process in CDI.8 A clinical study of 600 cases of CDI showed that a neutrophil-
lymphocyte ratio within two days of CDI diagnosis predicted mortality and intensive care unit (ICU) transfer.9 In
contrast, another retrospective study found that increasing neutrophil count was linked to a higher likelihood of the
resolution of CDI in 44 neutropenic patients.10 An increase in eosinophils and lymphocytes, two other important
subpopulations of leukocytes, was associated with milder CDI severity.9,11 As there were variations in the subpopulations
of leukocytes among the CDI patients with at least one comorbidity and polypharmacy, total leukocyte count may not be
a perfect indicator of disease severity. The association of differential ratios of blood leukocytes, especially neutrophils,
and the outcomes of CDI was analyzed in this study.

Materials and Methods
Study Protocol
A clinical study was performed in the medical wards of the Tainan Hospital, Ministry of Health and Welfare, a regional
hospital in southern Taiwan between January 2013 and April 2020. The institutional review board of National Cheng
Kung University Hospital, Taiwan approved this study (approval number: B-ER-103-098). Because of a retrospective
review of medical records of hospitalized patients, incapability of obtaining informed consent, and no specific ethical
concern and minimal safety risk, the study was allowed to waive informed consent in compliance with the Declaration of
Helsinki from the legally authorized representatives. Patient data confidentiality was cautiously maintained. Hospitalized
adults (aged ≥ 20 years) with hospital-onset CDI (ie, symptom onset at least 48 hours after admission) were included.
Patients with underlying hematological malignancy or cytotoxic chemotherapy for solid tumors in the previous three
months were excluded. CDI was diagnosed as the presence of unexplained diarrhea and a positive result of glutamate
dehydrogenase (GDH) and toxin A/B using an enzyme immunoassay (EIA) (Abbott, Santa Clara, USA) in fecal samples
or the detection of tcdB-carrying C. difficile isolates in stool culture.12 Diarrhea was defined as at least three unformed
bowel movements per day for at least two days. Fecal samples were sent for C. difficile cultures in cycloserine-cefoxitin-
fructose agar (CCFA) plates at the discretion of attending physicians, which were incubated anaerobically for 24 to 48
hours.13 A multiplex polymerase chain reaction (PCR) was used to detect tcdA, tcdB, cdtA, cdtB, and tcdC deletions in
C. difficile isolates, as described previously.14

Collection of Clinical Data
Clinical data, including sex, age, nasogastric tube use, underlying diseases, and laboratory data, were collected from
electronic medical records using a predetermined record form. Medications, including antibiotics, proton pump inhibi-
tors, histamine H2-receptor antagonists, or steroids, prescribed within one month before the onset of CDI or during
hospitalization were recorded. The place of CDI onset, such as wards or intensive care units (ICUs), was recorded.
Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate (eGFR) of < 60 mL/min/1.73 m2 for
at least three months.15 Leukocyte counts and differential ratios within two days after CDI onset were recorded.
Leukocyte counts and differential ratios were analyzed using a Sysmex XN-1000™ Hematology Analyzer (Sysmex@,
Canada). Colonization or infection of vancomycin-resistant enterococci (VRE) during hospitalization was recorded based
on medical charts.
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Disease Severity and Outcome of CDI
The disease severity of CDI was graded based on the Clinical Practice Guidelines of IDSA and SHEA issued in 2017
(13). Briefly, patients with a leukocyte count of ≥ 15,000 or serum creatinine > 1.5 mg/dL were considered to have severe
infection, whereas patients who lack these criteria had non-severe infections.6 The duration of hospitalization preceding
CDI was the period from admission to CDI onset, and only the first CDI episode was included. The following modified
definition of treatment success was used: the resolution of diarrhea within six days of antimicrobial therapy, without the
need to change the therapeutic regimen, and survival at the end of antimicrobial therapy.16 The appearance of relapsing
diarrhea in combination with the detection of C. difficile toxin or tcdB-carrying C. difficile in unformed stools at least
three weeks following initial treatment success was defined as having recurrent CDI.16

Statistical analysis was performed using statistical software (IBM SPSS, version 22.0). Continuous data are expressed
as the means ± standard deviations. The χ2 or Fisher’s test was used for categorical variables, and Student’s t-test was
used for continuous variables. A two-tailed P value of < 0.05 was considered statistically significant. The Bonferroni
correction was applied for multiple comparisons. Variables with a P value < 0.15 in univariate analysis were selected for
multivariate analysis, which was performed using the Hosmer–Lemeshow test for goodness of fit in the logistic
regression model.

Results
A total of 235 patients were included in the study, including 146 (62%) patients with non-severe CDI and 87 (38%) patients
with severe CDI, as shown in Figure 1. Their average age was 75.7 years, and females predominated and accounted for
51.5% (n=121) of 235 participants (Table 1). One hundred forty-six patients with severe CDI had a higher crude in-hospital

242 patients with CDI

4 were excluded due to 
no admission

3 were excluded due to 
hematology malignancy

235 patients were included for analysis,
stratified by the severity score of IDSA/SHEA

146 had non-severe CDI* 87 had severe CDI*

27 (18.5%) expired 31 (35.6%) expired

P=0.005

Duration from CDI onset 
to in-hospital mortality

1-49 days 
(18.0 11.8 days)

5-43 days 
(23.5 9.8 days)

P=0.06

Figure 1 The mortality of patients with Clostridioides difficile infection (CDI) was stratified according to the severity grading of IDSA/SHEA.
Notes: *Severe CDI: blood leukocyte ≥ 15,000 cells/mL or serum creatinine > 1.5 mg/dL; non-severe CDI: blood leukocyte ≤ 15,000 cells/mL and serum creatinine < 1.5 mg/dL,
according to the IDSA/ SHEA criteria6.

Journal of Inflammation Research 2022:15 https://doi.org/10.2147/JIR.S353814

DovePress
1945

Dovepress Lee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


mortality rate than 87 patients with non-severe CDI (35.6% vs 18.5%, P = 0.005). The mean duration (± standard deviation)
from onset of CDI to in-hospital mortality was 18.0 (± 11.8) days and 23.5 (± 9.8) days for patients with severe and non-
severe CDI, respectively (P = 0.06; Figure 1). One hundred seventy-seven surviving patients were more likely to be male
(52.5% vs 36.2%, P = 0.04) and less likely to have prior penicillin exposure within one month before CDI onset (9.6% vs
19.0%, P = 0.06) than 58 fatal patients. There were no differences in comorbidities, medication exposure, concurrent
antibiotic use, VRE colonization during hospitalization, or ICU-onset CDI between the survivors and fatal patients (Table 1
and Supplement Table 1). None of the patients in the present study experienced VRE infection during hospitalization.

The laboratory data revealed that fatal patients had a higher blood leukocyte count (13.5 ± 7.8 vs 11.6 ± 6.6 x 1000 cells/
mL, P = 0.06) and neutrophil ratio (79.6% vs 74.1%, P = 0.005) but a lower monocyte (5.7% vs 6.6%, P = 0.03) and
lymphocyte (12.3% vs 15.8%, P = 0.02) ratio than surviving patients (Table 2). There was no difference in the neutrophil/
lymphocyte ratio between the two groups. Because the average neutrophil ratio of 235 included patients was 75.4%, they
were further divided into two groups, patients with neutrophil ratios ≤ 75% and > 75%. Fatal patients more often had

Table 1 Underlying Diseases and Prior Medications in Hospitalized Adults with Clostridioides Difficile Infection (CDI) Stratified by the
in-Hospital Outcome

Variables Total
n=235

Outcome P value

Survival, n=177 Fatality, n=58

Age, years 75.7 ± 12.8 75.8 ± 12.4 75.5 ± 13.9 0.87
Gender, male 114 (48.5) 93 (52.5) 21 (36.2) 0.04

Underlying disease

Hypertension 150 (63.8) 113 (63.8) 37 (63.8) 1.00
Diabetes mellitus 111 (47.2) 81 (45.8) 30 (51.7) 0.45

Chronic kidney disease 104 (44.3) 79 (44.6) 25 (43.1) 0.88

Old stroke 87 (37.0) 65 (36.7) 22 (37.9) 0.88
Dementia 62 (26.4) 46 (26.0) 16 (27.6) 0.86

Coronary artery disease history 41 (17.4) 34 (19.2) 7 (12.1) 0.24

Congestive heart failure 35 (14.9) 24 (13.6) 11 (19.0) 0.40
Parkinsonism 27 (11.5) 21 (11.9) 6 (10.3) 1.00

Solid organ malignancy 29 (12.3) 25 (14.1) 4 (6.9) 0.17

Chronic obstructive pulmonary disease 24 (10.2) 20 (11.3) 4 (6.9) 0.47
Liver cirrhosis 7 (3.0) 5 (2.8) 2 (3.4) 0.68

Recent medication within one month

before CDI onset
Antimicrobial therapy

Cephalosporins 120 (51.1) 89 (50.3) 31 (53.4) 0.76

Cefazolin, iv 3 (1.3) 3 (1.7) 0 1.00
Cefuroxime, iv/o 20 (8.5) 18 (10.2) 2 (3.4) 0.17

Ceftazidime or ceftriaxone, iv 73 (31.1) 54 (30.5) 19 (32.8) 0.75

Cefepime, iv 34 (14.5) 23 (13.0) 11 (19.0) 0.28
Penicillins, iv 28 (11.9) 17 (9.6) 11 (19.0) 0.06

Carbapenem, iv 49 (20.9) 37 (20.9) 12 (20.7) 1.00

Fluoroquinolones, iv/o 11 (4.7) 7 (4.0) 4 (6.9) 0.47
Glycopeptide, iv 34 (14.5) 25 (14.1) 9 (15.5) 0.83

Proton pump inhibitors, iv/o 60 (25.5) 41 (23.2) 19 (32.8) 0.17
H2-receptor antagonists, iv/o 36 (15.3) 26 (14.7) 10 (17.2) 0.68

Steroid, iv/o 61 (26.0) 45 (25.4) 16 (27.6) 0.73

VRE colonization during hospitalization 32 (13.6) 12 (14.1) 7 (12.1) 0.83
ICU-onset CDI 35 (14.9) 23 (13.0) 12 (20.7) 0.20

Note: Data are presented as patient numbers (%) or means ± standard deviations.
Abbreviations: iv, intravenous; o, oral; VRE, vancomycin-resistant enterococci; ICU, intensive care unit.
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a neutrophil ratio of > 75% (75.9% vs 49.2%, P < 0.001) and serum creatinine > 1.5 mg/L (19.3% vs 9.0%, P = 0.06), were
infected by C. difficile harboring the tcdC gene (22.0% vs 8.5%, P = 0.03), and were treated with oral vancomycin (8.6% vs
2.3%, P = 0.04) than survivors (Table 2).

Table 2 Laboratory Characteristics and Antimicrobial Therapy in Patients with Clostridioides Difficile Infection (CDI) Stratified by the
in-Hospital Outcome

Variables Total
n=235

Outcome P value

Survival, n=177 Fatality, n=58

Blood leukocyte count, x1000 cells/mL 12.1 ± 6.9 11.6 ± 6.6 13.5 ± 7.8 0.06
Leukocyte count ≥ 15,000 cells/mL 62 (26.4) 41 (23.2) 21 (36.2) 0.06

Neutrophil ratio, % 75.4 ± 13.1 74.1 ± 13.3 79.6 ± 11.2 0.005

Neutrophil ratio >75% 131 (55.7) 87 (49.2) 44 (75.9) <0.001
Neutrophil count, cells/mL 9435.6 ± 6231.1 8892.8 ± 5901.2 11,092.1 ± 6939.7 0.02

Monocyte ratio, % 6.4 ± 3.0 6.6 ± 3.1 5.7 ± 2.4 0.03

Monocyte count, cells/mL 711.9 ± 494.7 698.6 ± 416.7 752.7 ± 682.8 0.47
Eosinophil ratio, % 2.2 ± 3.3 2.4 ± 3.2 1.5 ± 3.7 0.09

Eosinophil count, cells/mL 215.9 ± 350.0 233.7 ± 342.4 161.5 ± 370.0 0.17

Lymphocyte ratio, % 14.9 ± 10.0 15.8 ± 10.3 12.3 ± 8.5 0.02
Lymphocyte count, cells/mL 1495.3 ± 1012.3 1538.9 ± 1084.1 1362.2 ± 744.6 0.25

Neutrophil/lymphocyte ratio 9.3 ± 10.1 8.8 ± 10.0 11.0 ± 10.0 0.15

Serum creatinine > 1.5 mg/L 27 (11.5) 16 (9.0) 11 (19.3) 0.06
CDI caused by an isolate with tcdC deletion* 20 (11.8) 11 (8.5) 9 (22.0) 0.03

18 base-pair deletion 5 (2.9) 3 (2.3) 2 (4.9) 0.60

39 base-pair deletion 15 (8.8) 8 (6.2) 7 (17.1) 0.05
Drug therapy for CDI

Metronidazole, iv/o 123 (52.3) 93 (52.5) 30 (51.7) 1.00

Vancomycin, o 9 (3.8) 4 (2.3) 5 (8.6) 0.04

Notes: Data are presented as patient numbers (%) or means ± standard deviations; iv = intravenous; o = oral. *Only 170 C. difficile isolates were available: 129 in the survival
group and 41 in the fatality group.

Table 3 The Multivariate Analysis of Clinical Variables Associated with in-Hospital Mortality in 235 Patients with Clostridioides
Difficile Infection (CDI), with the Inclusion of Blood Leukocyte > 15,000 Cells/mL (Model A) or Neutrophil Ratio > 75% (Model B)

Clinical Variables Odds Ratio 95% Confidence Interval P value

Model A
Serum creatinine > 1.5 mg/L 3.59 1.24–10.44 0.02

CDI caused by an isolate with tcdC deletion 3.34 1.24–9.04 0.02

Oral vancomycin therapy for CDI 3.27 0.56–19.10 0.19
Blood leukocyte > 15,000 cells/mL 1.66 0.75–3.71 0.21

Prior penicillin exposure 1.49 0.50–4.42 0.48
Gender, male 0.61 0.28–1.35 0.22

Model B
CDI caused by an isolate with tcdC deletion 3.54 1.28–9.83 0.02

Serum creatinine > 1.5 mg/L 3.42 1.15–10.22 0.03

Oral vancomycin therapy CDI 3.03 0.50–18.53 0.23
Neutrophil ratio > 75% 2.65 1.15–6.09 0.02

Prior penicillin exposure 1.61 0.54–4.81 0.40

Gender, male 0.63 0.28–1.39 0.25
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Multivariate analyses revealed that only two variables, serum creatinine and C. difficile with tcdC deletion, were
independently associated with in-hospital mortality when the blood leukocyte count parameter was entered in the logistic
regression model (Table 3). However, three variables (a neutrophil ratio > 75%, serum creatinine > 1.5 mg/L, and
C. difficile harboring the tcdC gene) were independently related to a fatal outcome when the neutrophil ratio was
considered (Table 3). Notably, there were no differences between patients with a neutrophil ratio > 75% and ≤ 75% in
age, sex, underlying disease, or CDI caused by an isolate harboring the tcdC gene (Table 4). Patients with a neutrophil
ratio > 75% more often had a leukocyte count ≥ 15,000 cells/mL (38.2% vs 11.5%, P < 0.001) than patients with
a neutrophil ratio ≤ 75%.

To further confirm the association between the neutrophil ratio and in-hospital mortality, the 235 patients were
stratified by the neutrophil ratio (Figure 2). Patients with a neutrophil ratio > 85%, 80–85%, or 75–80% had a relatively
higher mortality rate (34.8%, 30.3%, or 34.4%, respectively) than patients with a neutrophil ratio of 70–75% or < 70%
(12.5% or 13.9%, respectively), but the difference was not statistically significant (P = 0.06, by Fisher’s test). However,
there was no correlation between the treatment success rate or recurrence rate and the neutrophil ratio.

Discussion
Although the IDSA/SHEA guidelines refer to two host variables, leukocytosis (leukocyte count ≥ 15,000 cells/mL) and serum
creatinine > 1.5 mg/dL, as surrogate markers of severe CDI disease, our study found that the neutrophil ratio of blood
leukocytes better predicted the risk of in-hospital prognosis in hospitalized adults with CDI. A neutrophil ratio > 75% provided
a better correlation with in-hospital mortality than a blood leukocyte count ≥ 15,000 cells/mL. However, the clinical
significance of neutrophil count in neutropenic patients is different, since in a small cohort of neutropenic patients the increase
of absolute neutrophil count was linked to increased likelihood of resolution of CDI.10 Therefore, the clinical implications of
leukocytosis and impaired renal function as outcome indicators of CDI require detailed evaluation of clinical complexity of the
care receipts.

Table 4 Clinical and Microbiological Characteristics in Patients with Clostridioides Difficile Infection (CDI) Stratified by
a Neutrophil Ratio ≤ 75% or > 75%

Variables Neutrophil Ratio P value

<75%, n=104 >75%, n=131

Age, years 75.1 ± 11.7 76.2 ± 13.6 0.51
Gender, male 53 (51.0) 70 (53.4) 0.51

Underlying disease

Hypertension 64 (61.5) 86 (65.6) 0.59
Diabetes mellitus 50 (48.1) 61 (46.6) 0.90

Chronic kidney disease 44 (42.3) 60 (45.8) 0.60

Old stroke 37 (35.6) 50 (38.2) 0.79
Dementia 29 (27.9) 33 (25.2) 0.66

Coronary artery disease history 22 (21.2) 19 (14.5) 0.23

Congestive heart failure 14 (13.5) 21 (16.0) 0.71
Parkinsonism 14 (13.5) 13 (9.9) 0.42

Chronic obstructive pulmonary disease 10 (9.6) 14 (10.7) 0.83

Malignancy 9 (8.7) 20 (15.3) 0.16
Liver cirrhosis 3 (2.9) 4 (3.1) 1.00

Blood leukocyte count ≥ 15,000 cells/mL 12 (11.5) 50 (38.2) <0.001

Serum creatinine > 1.5 mg/L 10 (9.9) 17 (13.1) 0.54
CDI caused by an isolate with tcdC deletion* 9 (12.7) 11 (11.1) 0.81

18 base-pair deletion 2 (1.9) 3 (2.3) 1.00

39 base-pair deletion 7 (9.9) 8 (8.1) 0.79

Notes: Data are presented as patient numbers (%) or means ± standard deviations. *Only 170 C. difficile isolates available: 73 from those with neutrophil
<75% and 97 from those with neutrophil >75%.
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The decrease in monocyte or lymphocyte ratio was not significantly associated with in-hospital mortality in our adult
patients with CDI. Neutrophils provide important innate immunity against CDI.17–19 During CDI, inflammatory cyto-
kines, such as C-X-C motif chemokine ligand 1, granulocyte-macrophage colony-stimulating factor, and interleukin-23,
recruit neutrophils to the colon mucosa.17–19 Lack of intestinal neutrophil and eosinophil recruitment in aged mice during
severe CDI was accompanied by a simultaneous increase in circulating neutrophils and eosinophils in blood.18 Therefore,
an increase in circulating neutrophils in blood may be associated with decreased innate immunity in the colon mucosa
and more severe CDI. Increasing neutrophil count in neutropenic patients was associated with an increased chance of
CDI resolution.10 However, an exaggerated inflammatory response during CDI results in host tissue damage, which is
associated with worse patient outcomes.20 Notably, type-2 immune response activation, with a hallmark of an increase in
eosinophils and decrease in neutrophils, was proposed as a novel prognostic marker for CDI.11,20 Eosinopenia or
undetectable eosinophil count at admission correlates with increased mortality in hospitalized patients,11,21 although
this correlation is not evident in the present study.

CDI due to C. difficile strains with 18-bp (primarily RT027 complex) or 39-bp (mainly RT078 complex) tcdC deletion
was linked to a higher in-hospital mortality rate in patients with CDI in our study. Increased production of toxins A and
B via tcdC deletion, a negative regulator of toxin production, may be a hallmark of hypervirulent C. difficile strains.22

C. difficile strains with 18-bp and 39-bp deletions were reported in Asia23,24 and Taiwan.1,24 However, the clinical
importance of C. difficile harboring the tcdC gene was challenged recently.23,25 C. difficile strains with 18-bp or 39-bp
tcdC deletion were common in Singapore but were not associated with more severe diseases.23 Tschudin-Sutter et al
reported that two microbiological characteristics of C. difficile, the presence of tcdC deletion or binary toxin, did not
predict CDI severity. Another phenotypic characteristic of toxigenic C. difficile strains, the growth rate measured using
microcalorimetry, inversely correlated with disease severity.25 A multicenter study in the United Kingdom showed that
C. difficile hypervirulent ribotypes, including 18-bp and 39-bp tcdC deletions, had no mortality or recurrence impact in
multivariate analyses.26 In contrast, CDI due to the RT078 complex was associated with in-hospital mortality in patients
with hematological malignancy in our multicenter study in Taiwan.1 The present study supports the prognostic impact of
clinical C. difficile strains with 18-bp or 39-bp tcdC deletion in hospitalized adults. The controversy of the clinical impact

Recurrence rate

Mortality rate

Treatment success rate
0

10
20
30
40
50
60
70
80
90

100

<70 70-75 75-80 80-85 >85

3.6 12.4
0

0

13.9
12.5

34.4
34.8

64.1
73.7

50
57.1 56.4

*

%

Neutrophil %

Figure 2 Clinical outcomes of 235 patients with Clostridioides difficile infection (CDI) stratified by neutrophil ratio. The association of the neutrophil ratio and mortality rate
was marginal (P = 0.06, by Fisher’s test).
Note: *Treatment success rate was assessed in 130 patients who received metronidazole or vancomycin therapy.
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of C. difficile harboring different tcdC genes from different countries or areas warrants further evaluations of the
interference from strain diversity or host heterogeneity.

There were some limitations in this study. First, it was performed in a regional hospital, and the results may not be
applicable to medical centers or hospitals in other areas. Second, the study included a limited number of patients and
clinical isolates without molecular typing data, although tcdC deletion was a microbiological characteristic related to
clinical prognosis. Third, other factors affecting in-hospital mortality, such as the general condition of the included
patients, causal relationship of CDI and mortality, concurrent or superimposed infections, or complications of underlying
medical illness, were not considered in this study. Last, we arbitrarily used a breakpoint of neutrophil ratio (75%)
according to the average neutrophil ratio in our population, and this breakpoint may not be suitable for other clinical
settings.

In conclusion, a higher neutrophil ratio of blood leukocytes was independently associated with crude in-hospital
mortality among adults with CDI, suggestive of the prognostic significance of the extent of systemic inflammatory
response.
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