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Summary
Background Novel drugs for Clostridium difficile
(C. difficile) infections have been proven to reduce
recurrent infections. Because of their high financial
costs, identification of patients at high risk for recur-
rence is essential to provide optimal treatment. The
ATLAS score’s ability to predict 90-day recurrence,
disease complications and 1-year all-cause mortality
was evaluated.
Methods 144 consecutive symptomatic patients with
positive stool test for C. difficile were enrolled. The
ATLAS score (consisting of the variables age, temper-
ature, leukocyte count, albumin, systemic antibiotics,
serum creatinine) was calculated and patients were
stratified into 4 subgroups according to their scores.
A Cox regression model was used to estimate the ex-
tent to which ATLAS was associated with 90-day re-

D. Knafl, MD,MSc (�) · L. Wagner, MD
Division of Nephrology and Dialysis, Department of
Medicine III, Medical University of Vienna, Währinger
Gürtel 18–20, 1090 Vienna, Austria
daniela.knafl@meduniwien.ac.at

M. G. Vossen, MD · F. Thalhammer, MD
Division of Infectious Diseases and Tropical Medicine,
Department of Medicine I, Medical University of Vienna,
Währinger Gürtel 18–20, 1090 Vienna, Austria

C. Gerges, MD
Division of Cardiology, Department of Medicine II, Medical
University of Vienna, Währinger Gürtel 18–20, 1090 Vienna,
Austria

E. Lobmeyr, BA
Department of EmergencyMedicine, Medical University of
Vienna, Währinger Gürtel 18–20, 1090 Vienna, Austria

M. Karolyi, MD
4th Medical Department of Infectious Diseases and
Tropical Medicine, Kaiser-Franz-Josef Hospital,
Kundratstraße 3, 1100 Vienna, Austria

currence. Furthermore, the score was correlated with
disease complications and one-year all-cause mortal-
ity.
Results ATLAS was unable to predict 90-day recur-
rence (p= 0.064, HR 1.134 [0.993;1.295]), but per-
formed well for disease complications (D= 0.382,
p< 0.001, HR 1.547 [1.266;1.889]) and mortality
(p< 0.001, HR 1.374 [1.194;1.583]). Serum albumin
was the only parameter able to predict 90-day re-
currence (p=0.016, HR 0.958 [0.926;0.992]) and was
also a predictor of disease complications (p<0.001,
HR 0.865[0.809;0.924]) and one-year all-cause mor-
tality (p< 0.001, HR 0.923 [0.896;0.950]). A threshold
of 33.1g/L (sensitivity= 56%, specificity= 80%, AUC
0.683) and 29.2g/L (sensitivity= 75%, specificity= 70%,
AUC 0.763) of serum albumin could be identified to
be predictive for 90-day recurrence and one-year all-
cause mortality, respectively.
Conclusions Serum albumin and ATLAS are predic-
tors of disease complications andmortality, while only
serum albumin is significantly associated with 90-day
disease recurrence.

Keywords Clostridium difficile · ATLAS · Serum al-
bumin · Recurrence · Mortality · Antibiotic associated
diarrhoea

Introduction

Clostridium difficile (C. difficile) infections (CDI) are
the most frequent cause of healthcare-associated di-
arrhea, complicating the course of disease and pro-
longing hospitalization. Disease complications range
from an asymptomatic carrier state to life-threatening
infections [1, 2]. Fatal outcomes have been primarily
attributed to recurrent C. difficile-associated diarrhea
[3, 4]. Furthermore, the vicious circle of repetitive
episodes of diarrhea leads to dehydration, intestinal

68 Hypoalbuminemia as predictor of recurrence of Clostridium difficile infection K

https://doi.org/10.1007/s00508-018-1432-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s00508-018-1432-y&domain=pdf
http://orcid.org/0000-0001-6810-615X


original article

Table 1 Parameters of the
ATLAS score [20]

Parameter 0 points 1 point 2 points

Age (years) <60 60–79 ≥80

Temperature (°C) ≤37.5 37.6–38.5 ≥38.6

Leukocyte count (cells/μl) <16,000 16,000–25,000 >25,000

Albumin (g/l) >35 26–35 ≤25
Systemic antibioticsa No – Yes

Serum creatinine (μmol/l) ≤120 121–179 ≥180

CDI Clostridium difficile infection
aDuring Clostridium difficile infection treatment (≥1 day)

protein loss, hypoalbuminemia, exhaustion and can
eventually lead to death [5].

Novel drugs, such as fidaxomicin, a narrow spec-
trum macrocyclic antibiotic, and bezlotoxumab,
a fully human monoclonal antibody that binds and
neutralizes C. difficile toxin B, have been shown to be
associated with a significant lower rate of recurrent
infection [3, 6–13]. Despite contradictory findings
derived from computer-based models that bezlotox-
umab is cost-effective in the prevention of recurrent
CDI compared with placebo, these drugs are expen-
sive and may not be suitable as first-line treatment
for CDI, which has been shown by economic analyses
[14–16]. It may be suggested that these drugs should
rather be reserved for a selected group of patients,
which are at high risk for CDI recurrence [17].

Efforts have been made to discover a prognostic
parameter for the early identification of patients with
an increased risk for recurrence of CDI [10, 18, 19]. As
a consequence early targeted treatment of high-risk
patients with expensive therapies would be possible
and financially feasible [17].

In the two global phase 3 trials MODIFY I and
MODIFY II, bezlotoxumab demonstrated a statisti-
cally significant reduction in CDI recurrence, com-
pared to placebo [10]. Gerding et al. showed that
the risk factors specified in the MODIFY statistical
analysis plan (age ≥65 years, history of CDI, compro-
mised immunity, severe CDI, ribotype 027/078/244)
were appropriate to identify patients at high risk for
recurrence [12].

In order to find one simple parameter for the pre-
diction of recurrent CDI, this study evaluated the AT-
LAS score and its single components. The ATLAS score
is a bedside severity scoring system (Table 1), which
has been shown to predict response to therapy, prob-
ability of colectomy and mortality but failed to predict
CDI recurrence [20–25]. This study evaluated the po-
tential association of ATLAS and its single components
at onset of diarrhea with 90-day recurrence, 1-year all-
cause mortality and disease complications.

Material and methods

Study design

A total of 150 consecutive, adult patients with a first
episode of C. difficile infections, who presented at the

University Hospital of the Medical University of Vi-
enna, were enrolled between 1 January, 2012 and 31
December 2012. Diagnosis was established in patients
with diarrhea (>3 stools per day, Bristol stool score 6 or
7) and a laboratory confirmed positive test for C. diffi-
cile with at least one of the following methods: a pos-
itive chemiluminescent immunoassay for C. difficile
toxin and antigen from stool (LIAISON® GDH Assay,
DiaSorin, Saluggia, Italy), a positive stool PCR for toxi-
cogenic C. difficile strains (GeneXpert®, Cepheid, Sun-
nyvale, CA, USA). Patients with a history of C. difficile
infection and under immunosuppressant treatment
were excluded from the study. Furthermore, patients
who received treatment for CDI, which have shown to
reduce the risk of recurrence (e.g. fidaxomicin), were
excluded from analyses.

The 90-day recurrence, severity, and 1-year all-
cause mortality served as main outcomes. The 90-
day recurrence was defined as diarrhea with a lab-
oratory confirmed positive stool test for C. difficile
after at least one stool sample was tested negative
within the first 90 days after the first episode of CDI.
Disease complications were stratified into: (1) no
complications, (2) mild complications (AE), (3) severe
complications (SAE). Mild complications included un-
favorable symptoms, such as meteorism, abdominal
pain or need for pain medication, while life-threat-
ening conditions, need of treatment in an intensive
care unit (ICU), prolongation of hospitalization, dis-
ease resulting in persistent or significant disability,
the need of surgical intervention, the occurrence of
toxic megacolon, ileus, shock or death were defined
as severe complications. The 1-year all-cause mor-
tality was defined as death of any cause 1 year after
laboratory diagnosis of CDI was established.

The Ethics Committee (EC) of the Medical Univer-
sity of Vienna approved the conduct of the study and
all patients signed informed consents (EC number
1898/2014).

Statistical analysis

Normality was assessed by the Kolmogorov-Smirnov
test. Normally distributed data were described as
means± standard deviations. Qualitative variables
were described with counts and percentages. The
potential of the ATLAS score and its single variables
(age, temperature, leukocyte count, serum albumin,
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systemic antibiotic treatment and serum creatinine)
to predict 90-day recurrence and survival was tested
using univariate Cox regression analyses. Further-
more, the potential of serum albumin to predict 90-
day recurrence and mortality was assessed with re-
ceiver operating characteristic (ROC) curves. Cut-off
values were determined by maximizing the Youden
index, which is the sum of sensitivity and specificity
–1. Furthermore, Kaplan-Meier estimates stratified
by ATLAS and albumin groups were utilized to assess
survival. The logrank test was used to compare the
survival distributions between the groups. Univariate
logistic regression analyses were performed in order
to assess the association between the ATLAS score
and its single variables and disease complications.
In addition, the coefficient of association Somers’ D
was calculated due to the ordinal nature of the AT-
LAS score. Data were analyzed with SPSS Statistics
(Version 21 for Mac, IBM Cooperation, Armonk, NY,
USA). All p-values result from two-sided tests, with
significance inferred at p< 0.05.

Results

Of the 150 included patients, 144 met the prespecified
inclusion criteria, 1 patient had to be excluded due to
insufficient clinical data, 2 patients were excluded be-
cause C. difficile was not microbiologically confirmed
and a further 3 patients were excluded because they
received fidaxomicin as primary therapy for CDI. Age
ranged between 19 and 96 years and 79 (54.9%) were
female. The ATLAS group 5–7 was most abundant
(38.9%; Table 2).

Of the patients 76 received metronidazole as first-
line therapy, of which 68 received the drug orally and
8 intravenously, 1 patient received oral teicoplanin,
7 patients received oral vancomycin, and 2 received
rifaximin. Of the patients 13 received symptomatic
treatment only. In 45 patients the chosen antimicro-
bial therapy was not available; however, none of the
patients received bezlotoxumab, as this drug was not
available during the study period at the study location.
Data of 132 patients regarding 90-day recurrence were
available of which 45 patients (34.1%) experienced re-
currence of disease (Table 3). The 90-day recurrence
of C. difficile diarrhea was highly associated with in-
creased 1-year all-cause mortality (p< 0.001).

90-day recurrence

The ATLAS score was unable to predict 90-day recur-
rence (p=0.064, hazard ratio, HR 1.134, [0.993;1.295]).
Also, after exclusion of the ATLAS groups 8–12, ATLAS
was unable to predict 90-day recurrence (p= 0.103;
HR 1.136, [0.975;1.325]). Of all individual ATLAS vari-
ables, only serum albumin was predictive of 90-day
recurrence (p= 0.016, HR 0.958 [0.926;0.992]; Table 4).
At ROC analysis the highest Youden index for serum
albumin was at a threshold of 33.1g/l. Serum albu-

Table 2 Demographics and laboratory values

Characteristics All patients (n= 147)

Sex, no. (%)

Female 79 (54.9)

Age, in years no. (%)

≤60 58 (39.5)

60–79 59 (41.0)

≥80 27 (18.8)

Mean± SD 60.5± 20.4

Temperature in °C, no. (%)

≤37.6 91 (63.2)

37.7–38.5 30 (20.8)

≥38.6 23 (16.0)

Leukocyte count in G/l, no. (%)

<16 123 (85.4)

16–25 13 (9.0)

>25 8 (5.6)

Serum albumin in g/l, no. (%)

>35 48 (33.3)

26–35 67 (46.5)

<25 29 (20.1)

Serum creatinine in μmol/l, no. (%)

<120 93 (64.6)

121–179 25 (17.4)

>180 26 (18.1)

ATLAS subgroups

Group 1–2 36 (25.0)

Group 3–4 45 (31.3)

Group 5–7 56 (38.9)

Group 8–12 7 (4.9)

Table 3 90-day recurrence rate, 1-year all-cause mortal-
ity, and disease complications

Characteristics All patients (n= 144)

90-day recurrence, no (%)a 45 (34.1)

1-year all-cause mortality, no (%)b 44 (30.6)

Complications, no (%)

No complications (1) 71 (49.3)

Mild complications (2) 24 (16.7)

Severe complications (3) 49 (34.0)
aAvailable from 132 patients
bAvailable from 133 patients

min <33.1g/l was predictive for 90-day recurrence with
a sensitivity of 56% and a specificity of 80% (Youden
index 1.35, area under the curve, AUC 0.683; Fig. 1a).

1-year all-cause mortality

Survival data were available for 135 patients. Of these
44 patients (30.6%) died within 1 year after diagno-
sis of CDI, of which 34 died within 90 days; however,
14 of these patients experienced recurrence before
death. The ATLAS score was strongly associated with
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Table 4 Univariate analysis of ATLAS and each of its variables with 90-day recurrence, disease complications, and mortality

90-day recurrencea

p-value (HR [95% CI])
Disease complications
p-value (HR [95% CI])

Mortalityb

p-value (HR [95% CI])

ATLAS, per point 0.064 (1.134 [0.993;1.295]) c, <0.001 (1.547 [1.266;1.889]) <0.001 (1.374 [1.194;1.583])

Age, per 1 year 0.382 (1.006 [0.992;1.021]) 0.003 (1.030 [1.010;1.051]) 0.012 (1.021 [1.005;1.038])

Temperature, per °C 0.364 (1.202 [0.820;1.764]) 0.108 (1.529 [0.911;2.567]) 0.308 (1.223 [0.830;1.802])

Leukocyte count, per G/l 0.242 (1.025 [0.984;1.068]) 0.521 (1.019 [0.962;1.079]) 0.001 (1.061 [1.025;1.099])

Albumin, per g/l 0.016 (0.958 [0.926;0.992]) <0.001 (0.865 [0.809;0.924]) <0.001 (0.923 [0.896;0.950])

Systemic antibiotics 0.117 (1.677 [0.879;3.197]) 0.007 (3.105 [1.361;7.086]) 0.075 (1.813 [0.942;3.490])

Serum creatinine, per mg/dl 0.868 (0.983 [0.807;1.199]) 0.250 (1.146 [0.908;1.447]) 0.324 (1.077 [0.929;1.250])
ap-values hazard ratios (HR) and confidence intervals (CI) derived from logistic regression analysis of time to recurrence
bp-values hazard ratios (HR) and confidence intervals (CI) derived from Cox regression analysis
cSomers’ D was calculated for the ordinal variable ATLAS, per point (D= 0.382)
Bold values represent p-values <0.05.

Fig. 1 ROC analysis of serum albumin and 90-day recur-
rence (a) and 1-year all-cause mortality (b). Serum albumin
<33.1g/l was predictive for 90-day recurrence with a sensitiv-
ity of 56% and a specificity of 80% (Youden index 1.35, AUC

0.683), while serum albumin <29.2g/l was predictive for 1-year
all-cause mortality with a sensitivity of 75% and a specificity
of 70% (Youden index 1.44, AUC 0.763)

1-year all-cause mortality (p<0.001, HR by one point
increase 1.374 [1.194;1.583]; Fig. 2a). In addition, as-
sociation between the ATLAS variables age, leukocyte
count, and albumin was statistically significant (Ta-
ble 4). In Fig. 2 Kaplan-Meier estimates of cumulative
survival stratified by ATLAS groups and serum albu-
min are depicted. At ROC analysis the highest Youden
index for serum albumin was at a threshold of 29.2g/l.
Serum albumin <29.2g/l was predictive for 1-year all-
cause mortality with a sensitivity of 75% and a speci-
ficity of 70% (Youden index 1.44, AUC 0.763; Fig. 1b).

Disease complications

A total of 71 patients (49.3%) experienced no com-
plications, 24 (16.7%) had mild and 49 (34.0%) se-
vere complications while suffering from CDI (Ta-

ble 5). The rate of severe complications increased
with increasing ATLAS score from 6.7% of patients
in ATLAS groups 1–2 to 57.1% of patients in ATLAS
groups 8–12 (Table 5). Higher ATLAS values were
significantly associated with disease complications
(D= 0.382, p< 0.001, HR 1.547 [1.266;1.889]).

Regarding the individual ATLAS variables, higher
age (p=0.003, HR 1.030 [1.010;1.051]), low serum
albumin (p<0.001, HR 0.865 [0.809;0.924]), and sys-
temic antibiotic treatment (p= 0.007, HR 3.105 [1.361;
7.086]) showed a strong association with the occur-
rence of disease complications, while body temper-
ature (p= 0.108, HR 1.529 [0.911;2.567]), white blood
count (p=0.521, HR 1.019 [0.962;1.079]) and serum
creatinine (p= 0.250, HR 1.146 [0.908;1.447]) were not
associated with disease complications (Table 4).
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Fig. 2 Kaplan-Meier estimates of cumulative survival by ATLAS groups (logrank test p< 0.001) (a) and serum albumin (logrank
test p< 0.001) (b)

Table 5 Stratification of disease complications by ATLAS group and serum albumin levels

Complications

None (1) Mild (2) Severe (3) Total
ATLAS Group 1–2, n (%) 25 (69.4) 5 (13.9) 6 (16.7) 36

Group 3–4, n (%) 234 (51.1) 7 (15.6) 15 (33.3) 45

Group 5–7, n (%) 21 (37.5) 11 (19.6) 24 (42.9) 56

Group 8–12, n (%) 2 (28.6) 1 (14.3) 4 (57.1) 7

– 71 24 49 144

Albumin >35g/l 37 (77.1) 4 (8.3) 7 (14.6) 48

26–35g/l 27 (40.3) 14 (20.9) 26 (38.8) 67

<25g/l 7 (24.1) 6 (20.7) 16 (55.2) 29

– 71 24 49 144

Percentages in parentheses are row percentages

Discussion

Novel drugs have been shown to reduce recurrent in-
fections with C. difficile [3, 6–9, 11–13]; however, these
drugs are expensive and should therefore only be ad-
ministered to a selected patient group at high risk for
CDI recurrence [17]. Early prevention of disease recur-
rence is crucial to decrease mortality, which has been
shown in several studies (p<0.001) [26]. Considering
the data in this study, the ATLAS score was unable to
predict recurrence of disease within the first 90 days
after onset of CDI, which supports the data published
by Jacobson and Slain who showed that a low ATLAS
score was associated with higher cure rates of CDI in
patients treated with oral metronidazole and/or van-
comycin, but was unable to predict CDI recurrence
[23]. Suspecting patients in ATLAS group 8–12 to be
more likely to experience fatal outcomes before recur-
rence of disease was even possible to occur, this group
was excluded in an additional sensitivity analysis of

90-day recurrence. Nevertheless, no significant asso-
ciation between ATLAS and 90-day recurrence could
be demonstrated (p= 0.064, HR 1.134 [0.993;1.295]).

The ATLAS score has been shown to be a suit-
able tool for the prediction of disease complications
(D= 0.382, p< 0.001, HR 1.547 [1.266;1.889]) and mor-
tality (p<0.001, HR 1.374 [1.194;1.583]; Table 4) [22,
24]; however, this study suggests that ATLAS cannot
predict 90-day recurrence and therefore is not an ad-
equate tool for the early identification of patients at
high risk of CDI recurrence.

The risk factors included in the MODIFY statisti-
cal analysis plan have been shown to be appropriate
to identify patients at high risk of CDI [10, 12]. The
MODIFY plan included the parameters age ≥65 years,
history of CDI, compromised immunity, severe CDI
and ribotypes 027/078/244, of which all have been
shown to increase the risk for recurrent CDI and re-
lated adverse outcomes [12, 27–35]. In contrast to
previously published data, this study was not able to
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show an association between age and recurrence of
disease in the study population (p= 0.382, HR 1.006
[0.992;1.021]) [27, 28]. History of CDI, which served as
prognostic marker in the MODIFY trials, was an exclu-
sion criterion in this study. This study utilized severity
(i. e. disease complications) of CDI as outcome pa-
rameter rather than as predictor for recurrence of dis-
ease. The ATLAS score, for example, was strongly asso-
ciated with disease complications (D= 0.382, p< 0.001,
HR 1.547 [1.266;1.889]), but not with recurrence of dis-
ease (p= 0.064, HR 1.134 [0.993;1.295]). Nevertheless,
disease severity can predict further progression and
recurrence of disease but is usually not known at the
time diagnosis of CDI is established. The ribotypes
027/078/244 have been shown to be types with in-
creased virulence; however, it is likely that further lin-
eages may evolve due to the dynamic development of
the species.

The simple and cheap to measure continuous nu-
merical laboratory parameter, serum albumin was the
only assessed parameter able to predict disease com-
plications (p<0.001, HR 0.865[0.809;0.924]), mortality
(p< 0.001, HR 0.923 [0.896;0.950]) and recurrence of
disease (p=0.016, HR 0.958 [0.926;0.992]). This can
be explained by several mechanisms, including serum
albumin’s function as a negative acute phase protein,
which negatively correlates with tissue inflammation
and thereby adverse outcomes [36]. Furthermore, CDI
is known to be a protein loss enteropathy. Severe
infection even presents with intestinal pseudomem-
branes consisting of protein due to increased intesti-
nal permeability, giving it the name pseudomembra-
nous colitis [36, 37]. This is another reason likely to
explain serum albumin’s close association with dis-
ease complications, recurrence of disease and mor-
tality. Furthermore, it is important to mention that
all variables included in analyses, including serum al-
bumin, were taken from the first day patients pre-
sented with diarrhea. In a retrospective case-control
study published by Rotramel et al. mean admission
albumin levels were not able to predict 60-day re-
currence, while mean nadir albumin levels were [38];
however, it is unclear whether the admission albumin
level was actually determined at the time of diagno-
sis. In contrast, in this study serum albumin levels
at onset of diarrhea were able to predict 90-day re-
currence of CDI. In ROC analysis serum albumin at
a threshold of <33.1g/l was identified to be predictive
for 90-day recurrence (AUC 0.683, sensitivity= 56%,
specificity of 80%) and serum albumin <29.2g/l to be
predictive for 1-year all-cause mortality (AUC 0.763,
sensitivity= 75%, specificity= 70%).

In conclusion, despite the ATLAS score’s good per-
formance in prediction of disease complications and
mortality, decisions on the application of novel treat-
ment cannot be made based on this score, as it does
not correlate with 90-day recurrence of CDI; however,
a decrease in serum albumin was highly correlated
with 90-day recurrence of disease.

Besides the proposed parameters by the MODIFY
study plan, which have been shown to indicate a high
risk for recurrent CDI, monitoring serum albumin lev-
els during acute infection with C. difficile is suggested.
With a relatively high prevalence of recurrence of ap-
proximately 30% in this study, the positive predic-
tive value is 55%, which is too low to guide decisions
about medication; however, the negative predictive
value under these circumstances is 81% and increases
with decreasing prevalence. Therefore, standard ther-
apy should be applied as long as serum albumin does
not decline below 33g/l. Below this threshold, it is
a matter of the individual judgment taking all other
conditions of the patient into consideration. Further
studies are needed to evaluate which serum albumin
threshold justifies the application of novel therapies
to reduce recurrence of disease. To our knowledge
this is the first study showing an association of serum
albumin at onset of diarrhea with 90-day recurrence
of CDI.

Funding Open access funding provided by Medical Univer-
sity of Vienna.

Conflict of interest D. Knafl, M.G. Vossen, C. Gerges, E. Lob-
meyr, M. Karolyi, and L. Wagner declare that they have no
competing interests. F. Thalhammer reports an unrestricted
research grant from Astellas Pharma®. The sponsor had no
involvement in preparation, submission, and review of the
manuscript.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Kelly CP, LaMont JT. Clostridium difficile—more difficult
thanever. NEngl JMed. 2008;359(18):1932–40.

2. BagdasarianN,RaoK,Malani PN.Diagnosis and treatment
ofClostridiumdifficileinadults: asystematicreview. JAMA.
2015;313(4):398–408.

3. Mikamo H, Tateda K, Yanagihara K, Kusachi S, Takesue Y,
Miki T, et al. Efficacy and safety of fidaxomicin for the
treatmentofClostridioides (Clostridium)difficile infection
inarandomized,double-blind,comparativephaseIIIstudy
in Japan. J Infect Chemother. 2018; https://doi.org/10.
1016/j.jiac.2018.05.010.

4. Johnson S. Recurrent Clostridium difficile infection: a re-
view of risk factors, treatments, and outcomes. J Infect.
2009;58(6):403–10.

5. Bauer MP, Kuijper EJ, van Dissel JT, European Society of
Clinical Infectious Diseases. European Society of Clinical
Microbiology and Infectious Diseases (ESCMID): treat-
mentguidancedocumentforClostridiumdifficileinfection
(CDI).ClinMicrobiol Infect. 2009;15(12):1067–79.

6. Feher C, Munez Rubio E, Merino Amador P, Delgado-
Iribarren Garcia-Campero A, Salavert M, Merino E, et al.
Theefficacyof fidaxomicin in the treatmentofClostridium
difficile infection in a real-world clinical setting: a Spanish

K Hypoalbuminemia as predictor of recurrence of Clostridium difficile infection 73

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jiac.2018.05.010
https://doi.org/10.1016/j.jiac.2018.05.010


original article

multi-centre retrospective cohort. Eur J Clin Microbiol
InfectDis. 2017;36(2):295–303.

7. Soriano MM, Danziger LH, Gerding DN, Johnson S. Novel
Fidaxomicin treatment regimens for patients with mul-
tiple Clostridium difficile infection recurrences that are
refractory to standard therapies. Open Forum Infect Dis.
2014;1(2):ofu69.

8. Cornely OA, Miller MA, Louie TJ, Crook DW, Gorbach
SL. Treatment of first recurrence of Clostridium difficile
infection: fidaxomicin versus vancomycin. Clin InfectDis.
2012;55(Suppl2):S154–S61.

9. JohnsonS, GerdingDN. Fidaxomicin “chaser” regimen fol-
lowing vancomycin for patients withmultiple Clostridium
difficilerecurrences. ClinInfectDis. 2013;56(2):309–10.

10. WilcoxMH,GerdingDN,PoxtonIR,KellyC,NathanR,Birch
T, et al. Bezlotoxumab for preventionof recurrentClostrid-
iumdifficileinfection.NEngl JMed. 2017;376(4):305–17.

11. Wilcox M, Dorr MB, Pedley A. Bezlotoxumab and re-
current Clostridium difficile infection. N Engl J Med.
2017;376(16):1594–6.

12. Gerding DN, Kelly CP, Rahav G, Lee C, Dubberke ER,
Kumar PN, et al. Bezlotoxumab for prevention of recurrent
Clostridium difficile infection in patients at increased risk
for recurrence. Clin Infect Dis. 2018; https://doi.org/10.
1093/cid/ciy171.

13. Lee Y, Lim WI, Bloom CI, Moore S, Chung E, Marzella N.
Bezlotoxumab(Zinplava)forClostridiumdifficileinfection:
the first monoclonal antibody approved to prevent the
recurrenceofabacterial infection. PT.2017;42(12):735–8.

14. Prabhu VS, Dubberke ER, Dorr MB, Elbasha E, CossrowN,
JiangY,etal. Cost-effectivenessofBezlotoxumabcompared
with placebo for the prevention of recurrent Clostridium
difficileinfection. ClinInfectDis. 2018;66(3):355–62.

15. Bartsch SM, Umscheid CA, Fishman N, Lee BY. Is fidax-
omicin worth the cost? An economic analysis. Clin Infect
Dis. 2013;57(4):555–61.

16. LamSW,NeunerEA,FraserTG,DelgadoD,ChalfinDB.Cost-
effectiveness of three different strategies for the treatment
of first recurrent Clostridium difficile infection diagnosed
in a community setting. Infect Control Hosp Epidemiol.
2018;https://doi.org/10.1017/ice.2018.139.

17. Chahine EB, Cho JC, Worley MV. Bezlotoxumab for the
prevention of Clostridium difficile recurrence. Consult
Pharm. 2018;33(2):89–97.

18. Arora V, Kachroo S, Ghantoji SS, Dupont HL, Garey KW.
High Horn’s index score predicts poor outcomes in pa-
tients with Clostridium difficile infection. J Hosp Infect.
2011;79(1):23–6.

19. Zilberberg MD, Shorr AF, Wang L, Baser O, Yu H. Develop-
ment and validation of a risk score for Clostridiumdifficile
infection in medicare beneficiaries: a population-based
cohortstudy. JAmGeriatrSoc. 2016;64(8):1690–5.

20. LouieTJ,MillerMA,MullaneKM,WeissK,LentnekA,Golan
Y, et al. Fidaxomicin versus vancomycin for Clostridium
difficileinfection.NEngl JMed. 2011;364(5):422–31.

21. Hernandez-GarciaR,Garza-GonzalezE,MillerM,Arteaga-
Muller G, Galvan-de los Santos AM, Camacho-Ortiz A.
Application of the ATLAS score for evaluating the severity
of Clostridium difficile infection in teaching hospitals in
Mexico. BrazJ InfectDis. 2015;19(4):399–402.

22. MillerMA, Louie T,MullaneK,Weiss K, Lentnek A,Golan Y,
et al. Derivation andvalidation of a simple clinical bedside

score (ATLAS) for Clostridium difficile infection which
predictsresponsetotherapy. BMCInfectDis. 2013;13:148.

23. Jacobson SM, Slain D. Evaluation of a bedside scoring
system for predicting clinical cure and recurrence of
Clostridium difficile infections. Am J Health Syst Pharm.
2015;72(21):1871–5.

24. Mulherin DW, Hutchison AM, Thomas GJ, Hansen RA,
ChildressDT.Concordanceof theSHEA-IDSAseverityclas-
sification for Clostridiumdifficile infection and the ATLAS
bedside scoring system in hospitalized adult patients. In-
fection. 2014;42(6):999–1005.

25. Laza R, Jurac R, Crisan A, Lazureanu V, Licker M, Popovici
ED, et al. Clostridium difficile in western Romania: un-
favourable outcome predictors in a hospital for infectious
diseases. BMCInfectDis. 2015;15:141.

26. OlsenMA,YanY,ReskeKA,ZilberbergMD,DubberkeER.Re-
currentClostridiumdifficile infection isassociatedwith in-
creasedmortality. ClinMicrobiol Infect. 2015;21(2):164–70.

27. Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK,
Dunn JR, et al. Burden of Clostridiumdifficile infection in
theUnitedStates. NEngl JMed. 2015;372(9):825–34.

28. Bauer MP, Notermans DW, van Benthem BH, Brazier JS,
Wilcox MH, Rupnik M, et al. Clostridium difficile in-
fection in Europe: a hospital-based survey. Lancet.
2011;377(9759):63–73.

29. Morrison RH, Hall NS, Said M, Rice T, Groff H, Brodine
SK, et al. Risk factors associated with complications and
mortality in patients with Clostridium difficile infection.
ClinInfectDis. 2011;53(12):1173–8.

30. Kelly CP. Can we identify patients at high risk of recur-
rent Clostridium difficile infection? Clin Microbiol Infect.
2012;18(Suppl6):21–7.

31. Zar FA, Bakkanagari SR,Moorthi KM,DavisMB.A compar-
ison of vancomycin and metronidazole for the treatment
of Clostridium difficile-associated diarrhea, stratified by
diseaseseverity. ClinInfectDis. 2007;45(3):302–7.

32. Sheitoyan-Pesant C, Abou Chakra CN, Pepin J, Marcil-
Heguy A, Nault V, Valiquette L. Clinical and healthcare
burden of multiple recurrences of Clostridium difficile
infection. ClinInfectDis. 2016;62(5):574–80.

33. AbouChakraCN,Pepin J, SirardS, ValiquetteL. Risk factors
for recurrence, complications and mortality in Clostrid-
ium difficile infection: a systematic review. PLoS ONE.
2014;9(6):e98400.

34. Inns T, Gorton R, Berrington A, Sails A, Lamagni T, Collins
J, et al. Effect of ribotype on all-cause mortality fol-
lowing Clostridium difficile infection. J Hosp Infect.
2013;84(3):235–41.

35. See I, Mu Y, Cohen J, Beldavs ZG, Winston LG, Dumyati G,
etal. NAP1strain typepredictsoutcomes fromClostridium
difficileinfection. ClinInfectDis. 2014;58(10):1394–400.

36. Kim S, McClave SA, Martindale RG, Miller KR, Hurt
RT. Hypoalbuminemia and clinical outcomes: What
is the mechanism behind the relationship? Am Surg.
2017;83(11):1220–7.

37. Palau-Davila L, Garza-Gonzalez E, Gutierrez-Delgado EM,
Camacho-Ortiz A. Predictors of severe outcomes in pa-
tients with Clostridium difficile infection from a Hispanic
population. IndianJGastroenterol. 2017;36(1):38–42.

38. Rotramel A, Poritz LS, Messaris E, Berg A, Stewart DB.
PPI therapy and albumin are better predictors of recur-
rent Clostridium difficile colitis than choice of antibiotics.
JGastrointestSurg. 2012;16(12):2267–73.

74 Hypoalbuminemia as predictor of recurrence of Clostridium difficile infection K

https://doi.org/10.1093/cid/ciy171
https://doi.org/10.1093/cid/ciy171
https://doi.org/10.1017/ice.2018.139

	Hypoalbuminemia as predictor of recurrence of Clostridium difficile infection
	Summary
	Introduction
	Material and methods
	Study design
	Statistical analysis

	Results
	90-day recurrence
	1-year all-cause mortality
	Disease complications

	Discussion
	References


