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Abstract

Clostridium difficile is the leading cause of healthcare-associated infections in the United States. 

Clinically, C. difficile-associated disease can present as asymptomatic colonization, self-limited 

diarrheal illness or severe colitis (that may result in death). This variability in disease course and 

outcomes suggests that host factors play an important role as key determinants of disease severity. 

Currently, there are several scoring indices to estimate severity of C. difficile-associated disease. 

Leukocytosis and renal failure are considered to be the most important predictors of C. difficile 
disease severity in hosts with a normal immune system. The degree of leukocytosis which is 

considered significant for severe disease and how it is scored vary amongst scoring indices. None 

of the scores have been prospectively validated, and while total WBC count is useful to estimate 

the magnitude of the host response in most patient populations, in immune-compromised patients 

like those receiving chemotherapy, solid organ transplant patients or hematopoietic stem cell 

transplants the WBC response can be variable or even absent making this marker of severity 

difficult to interpret. Other cellular subsets like neutrophils, eosinophils and lymphocytes provide 

important information about the host immune status and play an important role in the immune 

response against C. difficile infection. However, under the current scoring systems the role of these 

cellular subsets have been underestimated and only total white blood cell counts are taken into 

account. In this review we highlight the role of host leukocyte response to C. difficile challenge in 

the normal and immunocompromised host, and propose possible ways that would allow for a 

better representation of the different immune cell subsets (neutrophils, lymphocytes and 

eosinophils) in the current scoring indices.
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Clostridium difficile is a gram positive spore forming bacterium that is the leading cause of 

healthcare-associated infections in the U.S (https://www.cdc.gov/hai/organisms/cdiff/

Cdiff_clinicians.html). The principal mode of C. difficile transmission is fecal-oral. Host 

factors including the magnitude of immune response play an important role in disease 

pathogenesis [1]. The degree of disease severity can vary amongst different type of hosts, 
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usually with increased severity in immunocompromised populations. Clinical severity score 

indices for C. difficile infection have emerged as tools to stratify patients into mild or severe 

forms of disease presentation. By using clinical risk factors included into the scoring index 

the clinician is able to predict (to some degree) disease prognosis and decide what type of 

treatment is most appropriate. Currently, there are several scoring indices to estimate 

severity of C. difficile-associated disease (CDAD), however, none of them has been 

validated in a prospective manner. Most of the scoring indices take into account certain 

clinical and laboratory variables including total white blood cell count (WBC), serum 

creatinine and albumin levels and radiographic findings like ascites, ileus, colitis, bowel wall 

thickening, pneumatosis coli, etc. Notably, the total white blood cell count is part of all 

available scoring systems. While this is useful to estimate the magnitude of the host 

response in most patient populations, in certain cases of immune-suppression (cancer 

chemotherapy, solid organ and hematopoietic stem cell transplant recipients), the WBC 

response can be inappropriately suppressed or even absent making this marker of severity 

difficult to interpret.

Here we present a review of the current literature about the role of WBCs (and different 

cellular sub-populations) in C. difficile disease pathogenesis and outcomes in the normal and 

immunocompromised host. We also propose possible ways that allow for a better 

representation of the different immune cell subsets into the current available scoring 

systems.

1. Neutrophils

Neutrophils are the first cells recruited to the colon in response to C. difficile, and the 

neutrophil response is believed to be a determinant of disease severity. Initial migration of 

neutrophils from the bone marrow into peripheral circulation and recruitment of neutrophils 

to the site of C. difficile infection is mediated by production of neutrophil growth and 

recruitment factors (for example G-CSF, GM-CSF, IL-17, leptin, etc.) from the inflamed 

tissue [2–5]. Neutrophils have multiple mechanisms of controlling bacterial infections: 

release of neutrophil-specific granule components, reactive oxygen species (ROS) 

production, neutrophil extra-cellular traps production and phagocytosis to name a few. In the 

presence of C. difficile infection, neutrophils can be activated by C. difficile toxins, through 

the formyl peptide receptor-1 (FPR-1) and generate ROS [6]. Neutrophils can also perform 

phagocytosis of complement and antibody coated C. difficile at least in vitro [7,8]. However, 

despite of neutrophil bactericidal response, toxigenic strains of C. difficile have evolved 

mechanisms to resist neutrophil actions, for example, glutamate dehydrogenase secretion 

from C. difficile confers resistance to phagocytosis and neutrophil-induced oxidative stress 

[9].(See Table 1)

Neutrophil-mediated inflammation can act as a double-edged sword and neutrophil actions 

themselves can lead to immune-mediated damage of host tissues. In animal models of C. 
difficile, ablation of neutrophil response can either have beneficial or deleterious effects 

[2,10]. In case of C. difficile Toxin A-induced intoxication, depleting neutrophils decreases 

edema and colonic disease at the microscopic levels [11]. However, in a mouse model of C. 
difficile infection, depletion of neutrophils while associated with decreased colonic 
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inflammation was associated with higher mortality, likely due to inability to control 

translocation of commensal gut microbes [2]. Similar dichotomy is seen in patients with C. 
difficile colitis as well: while leukocytosis (albeit without discrimination of cellular 

components) has been associated to increased mortality, neutropenia has also been 

associated with an increased incidence and recurrence of C. difficile associated diarrhea [12–

14]. Thus, a well-balanced and controlled neutrophil response is needed for best outcomes 

after C. difficile infection. Neutrophils are also known to set stage for eventual disease 

resolution [15], by clearance of bacteria and secretion of anti-inflammatory and pro-

resolving intermediates. However, the role of neutrophil-mediated disease resolution after C. 
difficile infection has not been well studied in either animal models of in patient cohorts.

Interestingly, clinical factors like age, steroids and chemotherapy, which have been 

associated to C. difficile infection are also known to modify the normal neutrophil response. 

Thus, while most of the clinical studies and scoring indices focus on total WBC count, we 

think that further studies should be focused on studying neutrophils as disease modifying 

mediators. We postulate that the magnitude of the neutrophil response varies amongst hosts, 

and could be a good predictor of the C. difficile clinical outcomes. It is also important to 

consider how such clinical scoring indices should be adjusted for neutropenic populations. 

Current studies would suggest that neutropenia should also be considered a risk factor 

similar to leukocytosis.

2. Eosinophils

Eosinophils are granulocyte leukocytes that at homeostasis are present in the gut [16]. 

Eosinophils are involved in presentation of antigens through MHC II, expression of pattern 

recognition receptors like TLR2, NOD1, NOD 2, response to immunomodulatory mediators 

like IL-33, IL-25, TGF β and IL-17A and secretion of IL-10 and TGF β [16]. Eosinophils 

from the Lamina Propia in the intestinal mucosal surface have been shown to induce 

differentiation of regulatory T cells [17], as well as to be important for development and 

maintenance of mucosal IgA plasma cells. Thus, a protective and regulatory role for Lamina 

Propia eosinophils has been proposed [18]. Normal eosinophil counts in the blood vary from 

50 to 350 cells/microliter (0–6% of total WBCs). In patients with C. difficile, a recent meta-

analysis comparing Vancomycin vs Fidoxamicin for the treatment of CDAD, showed that 

low eosinophil counts in the blood was an independent predictor of persistent diarrhea and 

death in the first 12 days of therapy. The same effect was not observed later in the course of 

disease (days 13–40) [19]. In animal studies, Buonomo et al. demonstrated a protective role 

of tissue eosinophils in mice, and this effect was mediated by IL-25 secretion. In this study, 

restoration of IL-25 levels in a murine model of C. difficile infection led to reduced 

mortality, whilst eosinophil depletion resulted in loss of the protection mediated by IL-25 

[20]. In another study by the same group, C. difficile Binary toxin CDT (C. difficile 
transferase) was able to induce inflammation in a murine model by binding to eosinophil 

Toll-like receptor 2 (TLR-2), resulting in activation of NFκB and suppression of eosinophil 

response via indirect induction of eosinophil apoptosis. This experiment suggests a 

protective role from eosinophils in C. difficile infection [21].
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Eosinophils are known to play an important role in asthma inflammatory response as well as 

a protective role in helminth infections [22,23]. But so far, there is lack of evidence that 

suggests that they offer in vivo antibacterial activity against C. difficile. The exact 

mechanisms by which eosinophils provide protection against C. difficile are not clearly 

understood, and further study of eosinophil immune response to C. difficile in animal 

models is needed to better understand the possible protective role of this cellular subset. 

However, based on current studies, the incorporation of eosinophil values into C. difficile 
scoring indices may improve prediction of disease severity. We propose categorizing 

absolute eosinophil counts into low, normal and high values in C. difficile infected patients 

in order to determine if there is an association with disease severity.

3. Lymphocytes

Lymphocytes are a regular anatomic component of the gut. Lymphocyte subsets present in 

the intestinal tissue include B cells, plasma cells, CD4+, CD8+ and gamma-delta T cells, 

Natural Killer cells and Innate Lymphoid cells [24–26]. Lymphocytes migrate from the 

peripheral circulation into the intestine and harbor in Peyer’s patches. In the intestinal 

lymphoid tissue, they can become activated if they are exposed to the appropriate antigens. 

Lymphocytes go back to the systemic circulation and later return to the intestinal Lamina 

Propia where they execute effector functions [27].

In humans, the role of B cells seems to be related to disease severity and infection 

recurrence. Clinical data of C. difficile infection in humans suggest that while there is no 

role of antibody response in protection against colonization, asymptomatic infection carriers 

have greater levels of anti-Toxin A IgG, compared to patients who develop diarrhea [28]. 

Most recently a randomized, double-blind, placebo-controlled study of two neutralizing, 

fully human monoclonal antibodies against C. difficile toxins A (CDA1) and B (CDB1) in 

patients with symptomatic C. difficile diarrhea demonstrated decrease recurrence of C. 
difficile infection [29]. Toxin B is essential for disease while Toxin A may not be [30], a 

recent multivariate analysis of the placebo arm of the aforementioned trial found that in this 

study the main predictor for C. difficile infection recurrence was age >65 (OR 3.93, p 0.09), 

meanwhile, antibodies to toxin B were found to be protective against disease recurrence (OR 

0.11, p 0.05) [31].

The role of T cells is less clear in C. difficile infection. After infection with C. difficile, 

CD4+ T cell-deficient mice are unable to produce an IgG antibody response (which is 

thought to be dependent on CD4+ T cells), but generate anti-toxin IgA responses, as 

compared to wild type mice who produce both IgG and IgA antitoxin antibodies [32]. 

However, CD4+ T cell-deficient mice (which lack an IgG antibody response) are able to 

recover from primary infection, and upon re-challenge, they do not developed diarrhea and 

have normal colon histology [32]. Thus, it is possible that both IgG and IgA anti-toxin 

responses play a role in controlling disease after C. difficile challenge. The protective role of 

humoral immunity in humans may also be supported by incidental findings in a study 

assessing the use of anti-peristaltic agents in C. difficile infection in cancer patients [33]. In 

this study 303 Multiple Myeloma patients received chemotherapy and 43 developed C. 
difficile associated diarrhea. Out of all Immunoglobulin Myeloma isotypes, IgA Multiple 
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Myeloma seems to have a protective effect against C. difficile diarrhea (RR 0.35; 95% CI 

0.13–0.93, p 0.04) [33]. The mechanism of protection is not clear but is likely that hyper-

secretion of mucosal IgA prevents C. difficile infection. In humans, anti-toxin IgG immunity 

actively acquired during C. difficile infection appears to decrease disease recurrence [34].

Further studies of C. difficile in the context of T-cell deficiency, for example, in HIV 

infected patients could provide useful insights into the role of T-cell mediated immune 

responses after C. difficile infection. Measurement of Immunoglobulin isotypes in serum 

and stool in this type of model may allow us to identify potential immunoglobulin 

deficiencies that contribute to more severe presentations of C. difficile infection.

4. Leukocytes and scoring systems

In the normal host with CDAD, leukocytosis can manifest in different patterns. It can 

coincide with the onset of symptoms in the setting of recent antibiotic administration. It can 

present as worsening leukocytosis with non-specific C. difficile symptoms during or 

following antibiotic administration and lastly; can present as unexplained leukocytosis 

associated to fever, abdominal pain and systemic symptoms while receiving antibiotic 

therapy, and diarrhea will occur later in the course of the disease [35]. Unexplained 

leukocytosis ≥15,000/mm3, has been reported to be associated with C. difficile infection, in 

a study by Musher et al., 58% of patients with unexplained leukocytosis in a tertiary care 

center in the United States were found to have a positive assay for C. difficile toxin A, later 

followed by appearance of symptoms [36]. The degree of leukocytosis in CDAD can range 

from none in immunocompromised hosts to leukemoid reactions, the latter being associated 

with high in-hospital mortality [37,38]. Leukocytosis is usually associated to C. difficile 
infection, nonetheless, leukocyte response can be highly variable, follow different patterns 

and change based on intrinsic characteristics of the host immune response.

Leukocytosis has been used as a surrogate marker for C. difficile-associated disease severity, 

as well as, a risk factor for mortality [39]. Usually, higher total white blood cell counts have 

been associated with increased disease severity. Therefore, leukocytosis is included in 

different severity scoring systems like CDC, Beth Israel, UPMC, Hines, University of 

Calgary, etc. The degree of leukocytosis which is considered significant for severe disease 

and how it is scored vary amongst scoring systems [40,41]. The Infectious Diseases Society 

of North America recommends using peak leukocyte counts and, as well as, the European 

Society of microbiology uses a leukocyte count >15,000 cells/mm3 to define severe C. 
difficile disease [42,43]. Also, the timing of leukocytosis assessment as a clinical risk marker 

for mortality differs between authors. In a systematic analysis by Bloomfield et al., the peak 

white blood cell count within a week of diagnosis seems to be the most used [39]. The Hines 

severity score index appears to be the best predictor of CDAD severity [44]. In this index, 5 

factors are taken into account including presence of fever, radiologic findings, blood 

pressure and WBC count; each factor can obtain a score from 0 to 2, a score of 3 represents 

severe C. difficile diarrhea [40]. Determining CDAD severity in special populations like 

solid organ transplant patients, cancer patients and Hematopoietic stem cell transplant 

recipients, can be challenging with the current scoring systems. Total white blood cell counts 

may not be a reliable indicator of severity as it may be affected by factors like 
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immunosuppression and chemotherapy. In a study by Sullivan et al., involving 192 Liver 

transplant recipients with a rate of 14% C. difficile infection, white blood cell count greater 

than 12,000 cells/mm3 was only present on 7% of the patients, other signs of severity like 

temperature more than 38 °C were present in 26% of the patients, signs like elevated lactate, 

renal failure and shock requiring vasopressors were uncommon [45]. Also, in a retrospective 

study involving 603 kidney transplant recipients with a total of 24 (6.1%) C. difficile 
infected patients, peak white blood cell count and nadir absolute lymphocyte counts within 

the first 30 days post-transplant were collected, a white blood cell count >20,000 cells/mm3 

was only present on 9 of the infected patients. Most of the patients who were infected were 

also found to be lymphopenic. On the overall case analysis, cases had a mean white blood 

cell count of 18,696 cells/mm3 and controls 15,520 cells/mm3 with no statistical difference p 
0.06. On the other hand, mean nadir absolute lymphocyte counts at 30 days were statistically 

significantly lower on the cases compared to the control group 96.6 vs 285.6 cells/mm3 

respectively, p 0.02 [46]. Findings seem to be similar in patients receiving simultaneous 

kidney and pancreas transplantation, with overall no statistical difference in white blood cell 

counts between cases and controls, but with significant difference in disease incidence p 
0.038 in cases with white blood cell counts <1000 cells/mm3 compared to controls. Use of 

granulocyte stimulating factor did not appear to play a significant role between groups [47]. 

Other solid organ transplant recipients seem to follow a similar pattern; a descriptive 

analysis at a single center of patients with C. difficile infection involving recipients of Heart, 

Lung, Liver, Kidney and multi-organ, mean white blood cell counts in all the groups did not 

appear to be > 10,000 cells/mm3 [48].

In cancer patients, chemotherapy has been reported as a risk factor for developing C. 
difficile infection. Platinum based regimens, Cisplatin, Bleomycin, Vinblastine, 

Placlitaxeland, Doxorubicin are amongst the regimens identified as a risk factor for 

developing disease [49–51]. Other studies have reported lack of association after controlling 

for antimicrobial therapy [52]. Increased incidence of C. difficile has been associated to 

leukemia patients with neutropenia [53], also in a study with allogenic hematopoietic stem 

cell transplant patients, individuals with neutropenia were more likely to have C. difficile 
infection recurrence compared to non-neutropenic individuals [12]. As neutropenia appears 

to be a risk factor for developing C. difficile infection as well as a marker of disease severity 

in patients receiving chemotherapy [13,54], a recent case control study of 144 patients 

receiving chemotherapy for hematologic malignancies with C. difficile diarrhea compared to 

controls with C. difficile negative diarrhea, presence of neutropenia was not associated with 

higher mortality [13]. Similar findings have been previously reported in a prior study also 

comparing patients with hematological malignancies receiving chemotherapy who 

developed C. difficile diarrhea, compared to immunocompetent individuals without 

malignancy. In this study 62% of the patients on the chemotherapy group received colony-

stimulating factor for neutropenia. No significant differences were observed regarding ICU 

admission (p 0.24) or the need for vasopressors (p 1.0), and mean peak white blood cell 

counts amongst the 2 groups were not statistically significant (p 0.94) [52]. Data must be 

interpreted carefully as there is a scarce amount of these type of studies and sample sizes as 

well as co-morbidity indexes amongst patients may play an important role at the time to 

draw conclusions.
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5. Conclusion

The immune response to C. difficile is complex and involves elements of both the innate and 

adaptive immune systems, however it is important to note that the current scoring indices 

account for only total leukocytosis. While leukocytosis makes part of all available severity 

scoring indices and is of importance in assessing C. difficile infection severity, recurrence 

risk, disease complications and treatment failure [14,55], it is certainly not a perfect 

predictor and poses several barriers to determine disease severity. First, early or late 

diagnosis of C. difficile infection could potentially influence total white blood cell counts, 

and response to disease and therapy can vary from patient to patient and total WBC counts 

can be influenced by other factors like comorbidity status, concurrent infections and 

medication use. Second, current use of leukocytosis does not account for differences in 

immune response amongst special populations like transplant, chemotherapy and 

immunosuppressed patients. Third, cut-off leukocyte values that define disease severity vary 

between different scoring systems, and prospective validation is needed to determine which 

values and in what type of populations are these parameters most useful. Finally, C. difficile 
is a colonic pathogen and the immune response and associated pathology is predominantly 

seen at the tissue level. Thus, scoring systems that take into account only peripheral 

leukocytosis may not accurately reflect what is happening at the tissue level.

In our opinion, total leukocyte counts fail to provide a dynamic representation of the host 

immune response to C. difficile infection and could misrepresent the role from other cellular 

lines that play an important role in the inflammatory response. Neutrophil response can 

either be beneficial or detrimental to the host. It is clear that neutrophilia is associated to 

disease severity. On the other hand, the association between neutropenia and severe C. 
difficile disease seems to be inconsistent as not all neutropenic patients have increased 

mortality or more severe disease presentations when compared to immunocompetent hosts 

[13,52]. More recently a hypothetical protective role of eosinophils has emerged, in humans 

low eosinophil levels were found to be predictor of persistent diarrhea and death, however 

further validation of this findings is needed. In kidney transplant recipients, lymphocyte 

depletion has been associated to C. difficile infection, however, there is not enough use of 

lymphocytes as markers of disease to draw conclusions regarding this specific cell subset. 

Antibody response has shown to be important as asymptomatic infection carriers have 

greater levels of anti-Toxin A IgG, compared to patients who develop diarrhea, and 

antibodies to toxin B seem to be protective against disease recurrence.

We propose that the differential cell count be incorporated into severity scoring systems as 

they could provide a more accurate picture of the host immune response to C. difficile 
infection and thus could improve determination of disease severity. Further, scoring systems 

should be designed to account for unique factors in different patient populations like host 

comorbidities and immune status (chemotherapy, transplant, etc.).

Future areas of research

Further questions remain regarding assessing severity of C. difficile infection.

1. Should scoring systems be modified for use in special populations?
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2. Should we measure disease predictors like (leukocytes, creatinine, albumin, etc.) 

at different points during disease to have a more dynamic view of disease that 

could represent the host immune response?

3. Does the use of different cell lines improve prediction of disease severity?

References

1. Madan R, Petri WA. Immune responses to Clostridium difficile infection. Trends Mol Med. 2012; 
18:658–666. [PubMed: 23084763] 

2. Jarchum I, Liu M, Shi C, Equinda M, Pamer EG. Critical role for MyD88-mediated neutrophil 
recruitment during Clostridium difficile colitis. Infect Immun. 2012; 80:2989–2996. [PubMed: 
22689818] 

3. Semerad CL, Liu F, Gregory AD, Stumpf K, Link DC. G-CSF is an essential regulator of neutrophil 
trafficking from the bone marrow to the blood. Immunity. 17:413–423.

4. McDermott AJ, Higdon KE, Muraglia R, Erb-Downward JR, Falkowski NR, McDonald RA, Young 
VB, Huffnagle GB. The role of Gr-1+ cells and tumour necrosis factor-α signalling during 
Clostridium difficile colitis in mice. Immunology. 2015; 144:704–716. [PubMed: 25399934] 

5. Sadighi Akha AA, McDermott AJ, Theriot CM, Carlson PE, Frank CR, McDonald RA, Falkowski 
NR, Bergin IL, Young VB, Huffnagle GB. Interleukin-22 and CD160 play additive roles in the host 
mucosal response to Clostridium difficile infection in mice. Immunology. 2015; 144:587–597. 
[PubMed: 25327211] 

6. Goy SD, Olling A, Neumann D, Pich A, Gerhard R. Human neutrophils are activated by a peptide 
fragment of Clostridium difficile toxin B presumably via formyl peptide receptor. Cell Microbiol. 
2015; 17:893–909. [PubMed: 25529763] 

7. Bassaris HP, Lianou PE, Legakis NJ, Papavassiliou JT. Interaction between Clostridium difficile and 
polymorphonuclear leucocytes from the elderly and post-operative cancer patients: phagocytosis 
and bactericidal function. Med Microbiol Immunol. 1984; 173:49–55. [PubMed: 6472200] 

8. Dailey DC, Kaiser A, Schloemer RH. Factors influencing the phagocytosis of Clostridium difficile 
by human polymorphonuclear leukocytes. Infect Immun. 1987; 55:1541–1546. [PubMed: 3596798] 

9. Girinathan BP, Braun SE, Govind R. Clostridium difficile glutamate dehydrogenase is a secreted 
enzyme that confers resistance to H2O2. Microbiology. 2014; 160:47–55. [PubMed: 24145018] 

10. Castagliuolo I, Keates AC, Wang CC, Pasha A, Valenick L, Kelly CP, Nikulasson ST, LaMont JT, 
Pothoulakis C. Clostridium difficile toxin A stimulates macrophage-inflammatory protein-2 
production in rat intestinal epithelial cells. J Immunol. 1998; 160:6039–6045. [PubMed: 9637520] 

11. Kelly CP, Becker S, Linevsky JK, Joshi MA, O’Keane JC, Dickey BF, LaMont JT, Pothoulakis C. 
Neutrophil recruitment in Clostridium difficile toxin A enteritis in the rabbit. J Clin Invest. 1994; 
93:1257–1265. [PubMed: 7907603] 

12. Huang AM, Marini BL, Frame D, Aronoff DM, Nagel JL. Risk factors for recurrent Clostridium 
difficile infection in hematopoietic stem cell transplant recipients. Transpl Infect Dis. 2014; 
16:744–750. [PubMed: 25040545] 

13. Fuereder T, Koni D, Gleiss A, Kundi M, Makristathis A, Zielinski C, Steininger C. Risk factors for 
Clostridium difficile infection in hematooncological patients: a case control study in 144 patients. 
Sci Rep. 2016; 6:31498. [PubMed: 27510591] 

14. Moshkowitz M, Ben-Baruch E, Kline Z, Shimoni Z, Niven M, Konikoff F. Risk factors for severity 
and relapse of pseudomembranous colitis in an elderly population. Colorectal Dis. 2007; 9:173–
177. [PubMed: 17223943] 

15. Serhan CN, Chiang N, Van Dyke ET. Resolving inflammation: dual anti-inflammatory and pro-
resolution lipid mediators. Nat reviews Immunol. 2008; 8:349–361.

16. Rosenberg HF, Masterson JC, Furuta GT. Eosinophils, probiotics, and the microbiome. J Leukoc 
Biol. 2016; 100:881–888. [PubMed: 27549754] 

Vargas et al. Page 8

Anaerobe. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Chen HH, Sun AH, Ojcius DM, Hu WL, Ge YM, Lin X, Li LJ, Pan JP, Yan J. Eosinophils from 
murine Lamina propria induce differentiation of naive T cells into regulatory T cells via TGF-
beta1 and retinoic acid. PLoS One. 2015; 10:e0142881. [PubMed: 26587591] 

18. Chu V, Beller A, Rausch S, Strandmark J, Zanker M, Arbach O, Kruglov A, Berek C. Eosinophils 
promote generation and maintenance of immunoglobulin-a-expressing plasma cells and contribute 
to gut immune homeostasis. Immunity. 2014; 40:582–593. [PubMed: 24745334] 

19. Crook DW, Walker AS, Kean Y, Weiss K, Cornely OA, Miller MA, Esposito R, Louie TJ, Stoesser 
NE, Young BC, Angus BJ, Gorbach SL, Peto TEA. Fidaxomicin versus Vancomycin for 
Clostridium difficile infection: meta-analysis of pivotal randomized controlled trials. Clin Infect 
Dis. 2012; 55:S93–S103. [PubMed: 22752871] 

20. Buonomo E, Cowardin C, Wilson M, Saleh M, Pramoonjago P, Petri W Jr. Microbiota-regulated 
IL-25 increases eosinophil number to provide protection during Clostridium difficile infection. 
Cell Rep. 2016; 16:432–443. [PubMed: 27346351] 

21. Cowardin CA, Buonomo EL, Saleh MM, Wilson MG, Burgess SL, Kuehne SA, Schwan C, 
Eichhoff AM, Koch-Nolte F, Lyras D, Aktories K, Minton NP, Petri WA. The binary toxin CDT 
enhances Clostridium difficile virulence by suppressing protective colonic eosinophilia. Nat 
Microbiol. 2016; 1:16108. [PubMed: 27573114] 

22. Uhm TG, Kim BS, Chung IY. Eosinophil development, regulation of eosinophil-specific genes, and 
role of eosinophils in the pathogenesis of asthma, allergy. Asthma & Immunol Res. 2011; 4:68–79.

23. Wen T, Rothenberg ME. The regulatory function of eosinophils. Microbiol Spectr. 2016; 4

24. Cheroutre H, Lambolez F, Mucida D. The light and dark sides of intestinal intraepithelial 
lymphocytes. Nat Rev Immunol. 2011; 11:445–456. [PubMed: 21681197] 

25. Artis D, Spits H. The biology of innate lymphoid cells. Nature. 2015; 517:293–301. [PubMed: 
25592534] 

26. McGhee JR, Kunisawa J, Kiyono H. Gut lymphocyte migration: we are halfway ‘home’. Trends 
Immunol. 2007; 28:150–153. [PubMed: 17293162] 

27. Salmi M, Jalkanen S. Lymphocyte homing to the gut: attraction, adhesion, and commitment. 
Immunol Rev. 2005; 206:100–113. [PubMed: 16048544] 

28. Kyne L, Warny M, Qamar A, Kelly CP. Asymptomatic carriage of Clostridium difficile and serum 
levels of IgG antibody against toxin A. N Engl J Med. 2000; 342:390–397. [PubMed: 10666429] 

29. Lowy I, Molrine DC, Leav BA, Blair BM, Baxter R, Gerding DN, Nichol G, Thomas WD, Leney 
M, Sloan S, Hay CA, Ambrosino DM. Treatment with monoclonal antibodies against Clostridium 
difficile toxins. N Engl J Med. 2010; 362:197–205. [PubMed: 20089970] 

30. Lyras D, O’Connor JR, Howarth PM, Sambol SP, Carter GP, Phumoonna T, Poon R, Adams V, 
Vedantam G, Johnson S, Gerding DN, Rood JI. Toxin B is essential for virulence of Clostridium 
difficile. Nature. 2009; 458:1176–1179. [PubMed: 19252482] 

31. Gupta SB, Mehta V, Dubberke ER, Zhao X, Dorr MB, Guris D, Molrine D, Leney M, Miller M, 
Dupin M, Mast TC. Antibodies to toxin B are protective against Clostridium difficile infection 
recurrence. Clin Infect Dis. 2016; 63:730–734. [PubMed: 27365387] 

32. Johnston PF, Gerding DN, Knight KL. Protection from Clostridium difficile infection in CD4 T 
cell- and polymeric immunoglobulin receptor-deficient mice. Infect Immun. 2014; 82:522–531. 
[PubMed: 24478068] 

33. Krishna SG, Zhao W, Apewokin SK, Krishna K, Chepyala P, Anaissie EJ. Risk factors, preemptive 
therapy, and antiperistaltic agents for Clostridium difficile infection in cancer patients. Transpl 
Infect Dis. 2013; 15:493–501. [PubMed: 24034141] 

34. Leav BA, Blair B, Leney M, Knauber M, Reilly C, Lowy I, Gerding DN, Kelly CP, Katchar K, 
Baxter R, Ambrosino D, Molrine D. Serum anti-toxin B antibody correlates with protection from 
recurrent Clostridium difficile infection (CDI). Vaccine. 2010; 28:965–969. [PubMed: 19941990] 

35. Bulusu M, Narayan S, Shetler K, Triadafilopoulos G. Leukocytosis as a harbinger and surrogate 
marker of Clostridium difficile infection in hospitalized patients with diarrhea. Am J 
Gastroenterol. 2000; 95:3137–3141. [PubMed: 11095331] 

36. Wanahita A, Goldsmith EA, Marino BJ, Musher DM. Clostridium difficile infection in patients 
with unexplained leukocytosis. Am J Med. 2003; 115:543–546. [PubMed: 14599633] 

Vargas et al. Page 9

Anaerobe. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Potasman I, Grupper M. Leukemoid reaction: spectrum and prognosis of 173 adult patients. Clin 
Infect Dis. 2013; 57:e177–e181. [PubMed: 23994818] 

38. Naaraayan A, Aleta M, Basak P, Jesmajian S, Goldstein R. Leukemoid reaction to Clostridium 
difficile infection. Anaerobe. 2015; 34:158–160. [PubMed: 25978982] 

39. Bloomfield MG, Sherwin JC, Gkrania-Klotsas E. Risk factors for mortality in Clostridium difficile 
infection in the general hospital population: a systematic review. J Hosp Infect. 2012; 82:1–12. 
[PubMed: 22727824] 

40. Belmares J, Gerding DN, Parada JP, Miskevics S, Weaver F, Johnson S. Outcome of metronidazole 
therapy for Clostridium difficile disease and correlation with a scoring system. J Infect. 2007; 
55:495–501. [PubMed: 17983659] 

41. McEllistrem MC, Carman RJ, Gerding DN, Genheimer CW, Zheng L. A hospital outbreak of 
Clostridium difficile disease associated with isolates carrying binary toxin genes. Clin Infect Dis. 
2005; 40:265–272. [PubMed: 15655746] 

42. Bauer MP, Kuijper EJ, Van Dissel JT. European society of clinical microbiology and infectious 
diseases (ESCMID): treatment guidance document for Clostridium difficile infection (CDI). Clin 
Microbiol Infect. 2009; 15:1067–1079. [PubMed: 19929973] 

43. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, Pepin J, Wilcox MH. 
Clinical practice guidelines for Clostridium difficile infection in adults: 2010 Update by the 
Society for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases Society of 
America (IDSA). Infect Control Hosp Epidemiol. 31:431–455. (005). [PubMed: 20307191] 

44. Fujitani S, George WL, Murthy AR. Comparison of clinical severity score indices for Clostridium 
difficile infection. Infect Control Hosp Epidemiol. 2011; 32:220–228. [PubMed: 21460506] 

45. Sullivan T, Weinberg A, Rana M, Patel G, Huprikar S. The Epidemiology and clinical features of 
Clostridium difficile infection in liver transplant recipients. Transplantation. 2016; 100:1939–1943. 
[PubMed: 27379554] 

46. Neofytos D, Kobayashi K, Alonso CD, Cady-Reh J, Lepley D, Harris M, Desai N, Kraus E, 
Subramanian A, Treadway S, Ostrander D, Thompson C, Marr K. Epidemiology, risk factors, and 
outcomes of Clostridium difficile infection in kidney transplant recipients. Transpl Infect Dis. 
2013; 15:134–141. [PubMed: 23173772] 

47. Shah SA, Tsapepas DS, Kubin CJ, Martin ST, Mohan S, Ratner LE, Pereira M, Kapur S, Dadhania 
D, Walker-McDermott JK. Risk factors associated with Clostridium difficile infection after kidney 
and pancreas transplantation. Transpl Infect Dis. 2013; 15:502–509. [PubMed: 23890202] 

48. Tsapepas DS, Martin ST, Miao J, Shah SA, Scheffert J, Fester K, Ma K, Lat A, Egan R, McKeen 
JT. Clostridium difficile infection, a descriptive analysis of solid organ transplant recipients at a 
single center. Diagn Microbiol Infect Dis. 2015; 81:299–304. [PubMed: 25586932] 

49. Chopra T, Alangaden GJ, Chandrasekar P. Clostridium difficile infection in cancer patients and 
hematopoietic stem cell transplant recipients. Expert Rev Anti-infective Ther. 2010; 8:1113–1119.

50. Nielsen H, Daugaard G, Tvede M, Bruun B. High prevalence of Clostridium difficile diarrhoea 
during intensive chemotherapy for disseminated germ cell cancer. Br J Cancer. 1992; 66:666–667. 
[PubMed: 1384640] 

51. Raza, Shahzad, Baig, MA., Helena Russell, BJ. Yanick gourdet and, Clostridium difficile infection 
following chemotherapy. Recent Pat Anti-Infective Drug Discov. 2010; 5:1–9.

52. Stewart DB, Yacoub E, Zhu J. Chemotherapy patients with C. difficile colitis have outcomes 
similar to immunocompetent C. difficile patients. J Gastrointest Surg. 2012; 16:1566–1572. 
[PubMed: 22692587] 

53. Luo R, Greenberg A, Stone CD. Outcomes of Clostridium difficile infection in hospitalized 
leukemia patients: a nationwide analysis. Infect Control Hosp Epidemiol. 2015; 36:794–801. 
[PubMed: 25801085] 

54. Yoon YK, Kim MJ, Sohn JW, Kim HS, Choi YJ, Kim JS, Kim ST, Park KH, Kim SJ, Kim BS, 
Shin SW, Kim YH, Park Y. Predictors of mortality attributable to Clostridium difficile infection in 
patients with underlying malignancy. Support Care Cancer. 2014; 22:2039–2048. [PubMed: 
24595407] 

55. Bauer MP, Hensgens MPM, Miller MA, Gerding DN, Wilcox MH, Dale AP, Fawley WN, Kuijper 
EJ, Gorbach SL. Renal failure and leukocytosis are predictors of a complicated course of 

Vargas et al. Page 10

Anaerobe. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Clostridium difficile infection if measured on day of diagnosis. Clin Infect Dis. 2012; 55:S149–
S153. [PubMed: 22752864] 

56. McEllistrem MC, Carman RJ, Gerding DN, Genheimer CW, Zheng L. A hospital outbreak of 
Clostridium difficile disease associated with isolates carrying binary toxin genes. Clin Infect Dis. 
2005; 40:265–272. [PubMed: 15655746] 

57. Belmares J, Gerding DN, Parada JP, Miskevics S, Weaver F, Johnson S. Outcome of metronidazole 
therapy for Clostridium difficile disease and correlation with a scoring system. J Infect. 2007; 
55:495–501. [PubMed: 17983659] 

58. Rubin MS, Bodenstein LE, Kent KC. SevereClostridium difficile colitis. Dis Colon & Rectum. 
1995; 38:350–354.

59. Zar FA, Bakkanagari SR, Moorthi KMLST, Davis MB. A comparison of Vancomycin and 
metronidazole for the treatment of Clostridium difficile–Associated diarrhea, stratified by disease 
severity. Clin Infect Dis. 2007; 45:302–307. [PubMed: 17599306] 

Vargas et al. Page 11

Anaerobe. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vargas et al. Page 12

Table 1
Leukocyte cut-off values for the commonly used C. difficile severity score indices

Each severity index (left column) assigns different leukocyte values (middle column) to determine disease 

severity. The weight of leukocyte values into each scoring index is represented in points, which are the values 

in parenthesis. After adding up the points given to different clinical variables (additional clinical variables not 

represented on this table) the clinician is able to define severe disease (right column). Severe disease is 

associated with worse clinical outcomes. (SHEA) Society for Healthcare Epidemiology of America, (IDSA) 

Infectious Disease Society of America, (UPMC) University of Pennsylvania medical center.

Severity Index White blood cell counts (cells/mm3) Score defining severe disease

UPMC [56] <1500 or >20,000 (1 point) ≥2 points

Hines VA [57] ≥15,000 to < 30,000 (1 point) or ≥ 30,000 (2 
points)

≥3 points

Beth Israel [58] >20,000 (1 point) >4 points

University of Illinois [59] ≥15,000 (1 point) ≥2 points or Pseudomembranous Colitis on endoscopy or 
treatment in intensive care unit.

SHEA-IDSA [43] ≥15,000 ≥15,000 cells/mm3 or a creatinine level greater than or equal to 
1.5 times the premorbid level.
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