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Abstract

Background: Infection in acute-on-chronic liver failure (ACLF) pa-
tients is known to cause higher mortality. The current approach is to
culture all patient samples. There are no published data evaluating
fungal infections in acutely decompensated patients. In this study, we
aim to identify clinical factors predictive of infections within ACLF
patients and assess workup compliance within 24 h of hospital admis-
sion.

Methods: We retrospectively analyzed the charts of 457 ACLF pa-
tients seen at the University of Arizona between January 1, 2014 and
December 31, 2014. We used logistic regression to identify poten-
tial risk indicators for bacterial, fungal, and any infections. In order
to proceed to a systemic infection workup, the following parameters
were assessed: complete blood count, urinalysis, urine culture, bacte-
rial blood culture, chest X-ray, and ascitic fluid analysis in patients
with ascites. Additionally, serological markers were also assessed in
patient samples. Systemic inflammatory response syndrome (SIRS)
was defined as the presence of two or more of the following criteria:
temperature > 38 °C or < 36 °C, heart rate > 90 beats/min, respiratory
rate > 20 breaths/min, white blood cell count > 12,000 or < 4,000
cells/mm or > 10% bands.

Results: An established infection was observed in 60.61% of ACLF
patients. SIRS criteria predicted infections with concordance statistic
(C-statistic) of 0.71 (odds ratio (OR) 6.85, 95% confidence interval
(CI): 4.33, 10.85) for any infection, 0.63 (OR 2.88, 95% CI: 1.96,
4.23) for bacterial infection, and 0.53 (OR 1.32, 95% CI: 0.59, 2.96)
for fungal infection. After including other significant variables (over
10 additional variables), predictive ability improved, C-statistic 0.83
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(95% CI: 0.77, 0.90) for any infection and 0.71 (95% CI: 0.65, 0.77)
for bacterial infections. The combination of model for end-stage liver
disease (MELD) and hemoglobin (Hb) predicted fungal infections
with C-statistic 0.74 (95% CI: 0.63, 0.84). Workup within 24 h of
admission was obtained in 12% of patients.

Conclusions: Fungal infections in ACLF patients results in an in-
creased mortality rate. Elevated MELD and low Hb in combination
predict fungal infections. Compliance is very poor to obtain diag-
nostic workup efficiently, better tools are needed to predict infection
upon admission.

Keywords: Liver disease; Acute-on-chronic liver failure; Bacterial
infection; Fungal infection

Introduction

Identification and adequate treatment of infection within cir-
rhotic patients presenting with acute deterioration is the first
step of management. In a review of bacterial infections within
cirrhotic patients, Bruns et al detail how common indicators for
infection must be used with caution within cirrhotic patients,
and that the medical community has recommended research
on novel biomarkers for diagnosis [1, 2]. The significance of
diagnosis and prediction of infection stems from findings that
cirrhotic patients are at an increased risk of infection and mor-
tality from infection when compared to the general population.
Overall, approximately 25% of cirrhotic patients have an in-
fection [3], increasing mortality risk four-fold [4]. The most
common types of infection among cirrhotic patients are spon-
taneous bacterial peritonitis (31.1%), urinary tract infections
(22.6%), pneumonia and cellulitis (11.3%) [3]. Although bac-
teria are the most common microorganisms (in a good propor-
tion of patients), microorganisms are not identifiable. Despite
adequate treatment with antibiotics, mortality in such patients
remains high. Factors that could be responsible for high mor-
tality may include multi-resistant bacterial infections, fungal
infections, viral infections, or atypical infections. Currently,
there are no published data on true incidence and prevalence
of fungal and viral infections that lead to acute deterioration in
previously compensated or decompensated cirrhotic patients.
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Cirrhotic and acute-on-chronic liver failure (ACLF) pa-
tients suffer when infections are treated inappropriately. Ad-
verse events can occur from hepatotoxic or nephrotoxic an-
tibiotics, such as amoxicillin with clavulanic acid, the beta
lactam group of antibiotics, vancomycin and aminoglycosides
[5-7]. To avoid or minimize the necessity of these antimicro-
bial agents, it is prudent that diagnosis is timely and accurate.
In clinical practice, obtaining timely results to infection tests
upon hospital admission varies among centers. There are no
published data on what and when diagnostic tests should be
obtained.

Infection identification is the most challenging aspect of
care in ACLF patients. The current approach is to culture pa-
tient samples to define the infection, which is time-consuming
and prone to cross-contamination. Therefore, it is desirable to
detect infection based on other clinical markers while await-
ing the results of an infectious workup. The most common
infection indicators currently used in clinical practice for the
general patient population include systemic inflammatory re-
sponse syndrome (SIRS), procalcitonin, and serum lactate,
among others. Although research supports a high association
between SIRS and infection in patient with sepsis without
liver disease, other studies question the sensitivity of SIRS
to identify infection and its accuracy among critically ill and
cirrhotic patients [2, 8]. Serum lactate on the other hand has
been identified as a significant clinical marker for bacteremia
and sepsis in select studies [9, 10]. In clinical practice, we
apply these tools to critically ill cirrhotic patients, but the pre-
dictive ability of surrogate markers (such as SIRS and serum
lactate) has not been studied. Secondly, we suspect that in real
world clinical practice, compliance to obtain appropriate di-
agnostic tests within 24 h of hospital admission, to identify
and diagnose infections is poor. Specific diagnostic tests are
required to identify fungal infections such as fungal cultures,
serologies, or fungal tissue staining. Such tests are not ordered
in routine upon initial presentation in acutely decompensated
patients. In our study, we aim to assess prevalence and iden-
tify surrogate markers of fungal infections in addition to eval-
uating compliance in obtaining the adequate tests necessary
for diagnosis at initial presentation. We designed this study
to evaluate prevalence of infection, evaluate compliance to
obtain diagnostic tests within 24 h of admission in a tertiary
center teaching hospital, determine predictive value of SIRS
to identify bacterial and fungal infections, and identify other
variables as predictors of infections in patients who present to
the hospital with cirrhosis, as well as acute decompensation
of the liver.

Materials and Methods

We retrospectively reviewed the charts of patients admitted
to the University of Arizona, all campuses, between January
1, 2014 and December 13, 2014. The University of Arizona’s
Institutional Review Board approved the study protocol and
waived the patient consent requirement. We followed the ethi-
cal guidelines set forth by the 1975 Declaration of Helsinki.
Patients were included in the study if: they were at least
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18 years of age, minimum of 6 months of follow-up following
index admission, data available to calculate SIRS, evidence of
cirrhosis, and acute decompensation of the liver.

The following definitions were used. SIRS was defined as
the presence of two or more of the following criteria: tempera-
ture > 38°C or < 36°C, heart rate > 90 beats/min, respiratory
rate > 20 breaths/min, white blood cell count > 12,000 or <
4,000 cells/mm or > 10% bands. Acute decompensation was
defined as having one or more of the following: gastrointesti-
nal bleeding related to portal hypertension, acute renal failure
or hepato-renal syndrome, hepatic encephalopathy or altered
mental status, ascites, coagulopathy of liver disease, or jaun-
dice. We also confirmed cirrhosis-related diagnosis codes with
available imaging, such as hepatic histology and biochemical
tests.

We collected data on all eligible patients, including all
historic characteristics and clinical features, upon admission
and during clinical course. We characterized disease severity
by aspartate aminotransferase (AST) to platelet ratio index, fi-
brosis-4, Child-Turcotte-Pugh, and model for end-stage liver
disease (MELD) score. The primary outcome of the study was
presence of infection.

We categorized patients twice, first by presence/absence
of infection and again by presence/absence of SIRS. We also
created bacterial and fungal infection subgroups to study clini-
cal factors indicating each. We categorized the infected cohort
into four microbiological diagnoses: gram-positive bacterial
infection, gram-negative bacterial infection, fungal infections,
and infections with unidentified organisms (UIOs) to study dif-
ferences based on microbiological type. Viral infections were
also taken into consideration but being that they are less com-
mon we did not put a strong emphasis on them.

To identify and diagnose infection, a set of six basic in-
fectious tests were defined as minimum criteria for a basic
infectious workup. These tests were: complete blood count,
urinalysis, urine culture, bacterial blood culture, chest X-ray,
and ascitic fluid analysis in patients with ascites. However,
other tests were also looked for, including serological mark-
ers. To analyze the compliance to obtain diagnostic workup,
patients were categorized into three groups: completed infec-
tious workup within 24 h of admission, completed infectious
workup after 24 h of admission, and infectious workup never
accomplished during the entire hospital stay.

Statistical analysis

We calculated descriptive statistics to understand the study co-
hort and its subgroups. To test differences between subgroups,
Kruskal-Wallis test was used for continuous variables and
Fisher’s exact tests for categorical variables.

We used univariate logistic regression to identify factors
associated with any infection, bacterial infections, and fungal
infections. Subsequently, we included all statistically signifi-
cant variables in a multivariable logistic regression. In addi-
tion, logistic regression was also performed to derive odds ra-
tio (OR), (95% confidence interval (CI)) and P values.

To explore the effectiveness of the basic infectious
workup to identify infection, we derived a ratio of actual to
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expected number of tests (A/E ratio). Logistic regression was
performed relating the diagnosis workup A/E ratio to infec-
tious status. A receiver operating curve was also fit to de-
termine the sensitivity and specificity of A/E ratio. We also
performed an adjusted survival analysis to determine if the
completeness and timing of basic infectious workup had any
association with survival.

The significance level was set at 0.05 for all statistical
tests. The statistical analyses were done using SAS 9.4.

Results

A total of 521 patients met the study inclusion criteria. A to-
tal of 64 patients had missing data, leaving 457 patients for
analysis. Of the 457 patients, 277 patients (60.61%) were iden-
tified with established infection. Of the 277 patients with an
infection, 148 (53%) cases were detected based on a positive
culture, and the remaining 129 (47%) were clinically defined
based on serological tests (cocci based on immunoglobulin M
(IgM)), clinical examination (cellulitis), radiologist’s imaging
report (pneumonia), or neutrophil granulocytes > 250 cells/
uL (spontaneous bacterial peritonitis). Distribution of infected
patients based on microorganisms were as follows; 43/277
(16%) had a gram-positive bacterial infection (GP), 89/277
(32%) had a gram-negative bacterial infection (GN), 26/277
(9%) had a fungal infection, and the remaining 119/277 (43%)
were infected with an UIO. Of those patients with a document-
ed type of infection, 74/228 (33%) had a urinary tract infec-
tion, 61/228 (27%) pneumonia, 51/228 (22%) bacteremia, and
78/228 (34%) had multiple types of infections.

Age, sex, alcohol use, MELD, SIRS as well as reason for
antibiotics were significantly different between patients who
did and did not have an infection. Infection status, reason for
antibiotics, and MELD were further significantly different be-
tween the more specific groups. We also analyzed etiology of
liver disease and found that it was not predictive of infection
(data not shown).

Surrogate markers as predictors of infections

We analyzed 34 clinical factors using univariable logistic mod-
els with infection as the dependent variable. Procalcitonin was
not included in this analysis because there were not enough
patients with available procalcitonin values. The results of this
analysis for all infection types can be found in Table 1. The
following factors were significantly associated with any infec-
tion, as determined by their ORs: SIRS criteria, sex, age, dia-
betes mellitus, hemodialysis, alcohol drinking, antibiotic use,
white blood cell count, serum lactate, MELD score, prothrom-
bin time, and creatinine. Among all the variables analyzed,
SIRS was the most predictive of any infection (C-statistic =
0.71, 95% CI: 0.67, 0.75). The multivariable logistic regres-
sion model including SIRS criteria and all other significant
variables yielded a C-statistic of 0.83 (95% CI: 0.77, 0.90).
The improvement in prediction of infection based on the in-
crease in C-statistic from 0.71 to 0.83 was statistically signifi-
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cant (P <0.0001).

Table 2 displays the results of this analysis for bacterial
infections. Age, sex, SIRS, smoking status, serum lactate,
white blood cell count, and Child-Turcotte-Pugh yielded sig-
nificant ORs. Again, the SIRS criteria yielded the highest C-
statistic, 0.63 (95% CI: 0.58, 0.67). The logistic regression
model including SIRS criteria and all other significant vari-
ables yielded a C-statistic of 0.71 (95% CI: 0.65, 0.77). The
improvement in prediction of bacterial infection based on the
increase in C-statistic from 0.63 to 0.71 was statistically sig-
nificant (P < 0.001).

The entire cohort was also analyzed for factors predic-
tive of fungal infections. MELD score and hemoglobin (Hb)
were associated with fungal infections (Table 3). A logistic
regression model including all significant variables (i.e.,
MELD, Hb, prothrombin, international normalized ratio, and
total bilirubin) yielded a C-statistic of 0.74 (95% CI: 0.63,
0.84). A cut-off MELD score of 19 is associated with sensi-
tivity of 82% and specificity of 59% to predict fungal infec-
tion (Table 4).

To get an idea of how infection types differ, we compared
infection subgroups based on microorganism types: GN, GP,
fungal infection, and UIO. All four groups were similar, except
for prothrombin/international normalized ratio and prothrom-
bin time. UIO had mildly abnormal coagulation parameters
with mean international normalized ratio 1.61 and prothrom-
bin time 38.89 s. Patients with fungal infections are more
likely to have anemia, elevated bilirubin, and alkaline phos-
phatase compared to GP or GN infections. After adjusting for
all positive variables, elevated MELD was strongly associated
with fungal infections (P < 0.01). Overall, patients with fungal
infections had higher risk of death (hazard ratio (HR) 2.4, 95%
CI 1.35, 4.46, P =0.003) compared to UIO. Additionally, they
were more likely to stay longer in the hospital (P = 0.04) and
had higher readmission rates (P = 0.01).

Workup for infection diagnosis and identification

A total of 119/457 (26%) patients completed basic infectious
disease workup (A/E ratio 1) during the entire hospital stay.
Only 53 patients (12%) completed the workup within the first
24 h of admission. The logistic regression analysis revealed
that the higher the proportion of basic infectious workup tests
completed (A/E ratio > 0.8), the higher the probability the pa-
tient will be classified as having an infection, C-statistic 0.788
(Fig. 1). Basic workup to identify fungal infections such as
fungal blood cultures, ascitic fluid for fungus culture, and po-
tassium hydroxide staining were not done in most patients.
Ascitic fluid analysis was never performed in about one-third
of patients with ascites. Serum lactate (at least one time) was
obtained in 67% during acute illness. Compliance to identifica-
tion and documentation of SIRS criteria upon admission and
during the subsequent course was poor. Groups one and two
had similar rates of infection identification and were signifi-
cantly higher compared to group three (90% vs. 50%). Timing
and completeness of the basic workup to identify infections
did not reveal difference in survival on adjusted regression
analysis (P=0.11).
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Table 1. Identification of Factors Associated With Any Infection (N = 457)

Variable Infection frequency (%)/mean+SD  OR (95% CI) C-statistics P value
SIRS criteria, Y/N (n = 455) 159 (84.13)/116 (43.61) 6.85(4.33, 10.85) 0.71 <0.0001
Sex, male/female 164 (55.78)/113 (69.33) 0.56 (0.37, 0.84) 0.57 <0.01
DM, Y/N (n = 455) 103 (68.67)/173 (56.72) 1.67 (1.11, 2.53) 0.56 0.01
CKD, Y/N (n = 456) 36 (66.67)/240 (59.70) 1.35 (0.74, 2.46) 0.52 0.33
HD, Y/N 21 (87.50)/256 (59.12) 4.84(1.42, 16.45) 0.53 0.01
Chemotherapy, Y/N (n = 449) 2 (28.57)/269 (60.86) 0.26 (0.05, 1.34) 0.51 0.11
Immunotherapy, Y/N (n = 454) 20 (55.56)/256 (61.24) 0.79 (0.40, 1.57) 0.51 0.50
History of Clostridium difficile, Y/N 13 (76.47)/264 (60.00) 2.17 (0.70, 6.75) 0.51 0.18
History of cocci, Y/N 7 (50.00)/270 (60.95) 0.64 (0.22, 1.86) 0.51 0.41
TIPS, Y/N 28 (65.12)/249 (60.14) 1.24 (0.64, 2.39) 0.51 0.53
Ever smoker, Y/N (n=453) 137 (58.05)/137 (63.13) 0.81(0.55, 1.18) 0.53 0.27
Ever drinker, Y/N (n = 442) 164 (56.55)/103 (67.76) 0.62 (0.41, 0.94) 0.55 0.02
Antibiotic, Y/N (n=441) 38 (76.00)/229 (58.57) 224 (1.14,4.42) 0.54 0.02
Supplements, Y/N (n = 456) 36 (61.02)/240 (60.45) 1.02 (0.59, 1.79) 0.50 0.93
Lactate (n=314) 3.29+2.77 1.19 (1.05, 1.34) 0.58 <0.01
Platelet 117.28 +78.21 0.999 (0.997, 1.002) 0.53 0.58
Fib-4 12.09 £ 26.13 1.003 (0.995, 1.011) 0.51 0.48
APRI 5.11+17.57 1.01 (0.99, 1.02) 0.48 0.38
CTP 11.48 +1.46 1.10 (0.96, 1.25) 0.54 0.16
MELD (n = 428) 18.73 +£8.52 1.04 (1.02, 1.07) 0.60 <0.01
Age (n=456) 55.50 + 10.87 1.03 (1.02, 1.05) 0.60 <0.001
WBC (n = 456) 9.08 +6.03 1.08 (1.04, 1.12) 0.58 <0.0001
Hb 11.16 £2.78 0.99 (0.92, 1.06) 0.51 0.74
PT (n=433) 2142 +£17.95 1.00 (0.99, 1.01) 0.56 0.67
INR (n=433) 1.69 £ 0.96 1.25(0.98, 1.61) 0.57 0.08
PTT (n=231) 38.57 +£16.80 1.03 (1.00, 1.06) 0.58 <0.05
TB (n =453) 5.00 +£6.32 0.99 (0.97, 1.02) 0.49 0.69
DB (n=106) 5.70 £5.51 0.99 (0.92, 1.06) 0.45 0.73
ALB (n =402) 3.43 £ 12.04 1.01 (0.98, 1.05) 0.42 0.45
ALP (n =455) 163.77 + 128.99 0.999 (0.997, 1.000) 0.51 0.18
AST 115.86 +248.31 1.00 (0.999, 1.001) 0.47 0.54
ALT 64.95 £ 155.36 1.00 (0.999, 1.001) 0.46 0.77
Cr (n=454) 1.54 +1.88 1.19 (1.03, 1.38) 0.60 0.02

Y/N: yes/no; SD: standard deviation; C-statistic: concordance statistic; OR: odds ratio; Cl: confidence interval; SIRS: systemic inflammatory response
syndrome; DM: diabetes mellitus; CKD: chronic kidney diseases; HD: hemodialysis; TIPS: transjugular intrahepatic portosystemic shunt; Fib-4: fi-
brosure-4; APRI: AST to platelet ration index; CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; WBC: white blood cell count; Hb:
hemoglobin; PT: prothrombin; INR: international normalized ratio; PTT: prothrombin time; TB: total bilirubin; DB: direct bilirubin; ALB: albumin; ALP:
alkaline phosphatase test; AST: aspartate aminotransferase; ALT: alanine transaminase; Cr: creatinine.

Discussion

Patients with cirrhosis can deteriorate acutely as a result of
intercurrent medical problems including infections, drug-in-
duced liver injury, alcohol consumption, and gastrointestinal
bleeding with infection being the most common [7]. Diagnos-
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ing and treating infections in cirrhotic patients is challenging,
both under-treatment and over-treatment can result in higher
mortality [7]. As we already know, infections can be diag-
nosed with isolation of microorganisms, serological tests, or
other clinical tools such as urinalysis, chest X-ray, ascites fluid
analysis, and clinical examination. Our study clearly indicates
that compliance to infection diagnosis guidelines is extremely
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Table 2. Identification of Factors Associated With Bacterial Infection (N = 457)

Variable Infection frequency (%)/mean + SD OR (95% CI) C-statistics P value
SIRS criteria, Y/N (n = 455) 114 (60.32)/92 (34.59) 2.88 (1.96, 4.23) 0.63 <0.0001
Sex, male/female 120 (40.82)/86 (52.76) 0.62 (0.42,0.91) 0.56 0.01
DM, Y/N (n = 455) 70 (46.67)/135 (44.26) 1.10 (0.74, 1.63) 0.51 0.63
CKD, Y/N (n = 456) 28 (51.85)/177 (44.03) 1.37 (0.78, 2.42) 0.52 0.28
HD, Y/N 15 (62.50)/191 (44.11) 2.11 (0.90, 4.93) 0.52 0.08
Chemotherapy, Y/N (n = 449) 1 (14.29)/200 (45.25) 0.20 (0.02, 1.69) 0.51 0.14
Immunotherapy, Y/N (n = 454) 12 (33.33)/194 (46.41) 0.58 (0.28, 1.19) 0.52 0.13
History of Clostridium difficile, Y/N 7 (41.18)/199 (45.23) 0.85(0.32, 2.27) 0.50 0.74
History of cocci, Y/N 5(35.71)/201 (45.37) 0.67 (0.22, 2.03) 0.51 0.48
TIPS, Y/N 25(58.14)/181 (43.72) 1.79 (0.95, 3.38) 0.53 0.07
Ever smoker, Y/N (n = 453) 94 (39.83)/109 (50.23) 0.66 (0.45, 0.95) 0.55 0.03
Ever drinker, Y/N (n = 442) 121 (41.72)/77 (50.66) 0.70 (0.47, 1.04) 0.54 0.07
Antibiotic, Y/N (n = 441) 28 (56.00)/172 (43.99) 1.62 (0.90, 2.93) 0.52 0.11
Supplements, Y/N (n = 456) 27 (45.76)/179 (45.09) 1.03 (0.59, 1.78) 0.50 0.92
Lactate (n=314) 329+£2.77 1.11 (1.01, 1.21) 0.58 0.02
Platelet 117.28 +78.21 1.001 (0.999, 1.004) 0.52 0.23
Fib-4 12.09 +26.13 1.003 (0.996, 1.010) 0.47 0.40
APRI 5.11+17.57 1.01 (0.99, 1.02) 0.45 0.28
CTP 11.48 +1.46 1.16 (1.02, 1.32) 0.57 0.02
MELD (n = 428) 18.73 +£8.52 1.02 (1.00, 1.05) 0.56 0.05
Age (n=456) 55.50+10.87 1.03 (1.01, 1.05) 0.59 <0.01
WBC (n = 456) 9.08 +6.03 1.06 (1.03, 1.10) 0.58 <0.001
Hb 11.16 £2.78 0.98 (0.92, 1.05) 0.51 0.58
PT (n=433) 21.42+£17.95 1.01 (0.99, 1.02) 0.55 0.35
INR (n =433) 1.69 + 0.96 1.20 (0.97, 1.49) 0.55 0.09
PTT (n=231) 38.57 +£16.80 1.01 (0.99, 1.03) 0.57 0.28
TB (n=453) 5.00 +£6.32 0.98 (0.95, 1.01) 0.52 0.27
DB (n=106) 5.70 £5.51 1.00 (0.93, 1.07) 0.51 0.95
ALB (n =402) 3.43 £12.04 1.00 (0.98, 1.01) 0.53 0.73
ALP (n =455) 163.77 + 128.99 0.999 (0.997, 1.000) 0.54 0.13
AST 115.86 +248.31 1.000 (0.999, 1.001) 0.47 0.84
ALT 64.95 +155.36 1.000 (0.998, 1.001) 0.57 0.62
Cr (n=454) 1.54+1.88 1.10 (0.98, 1.22) 0.59 0.09

Y/N: yes/no; SD: standard deviation; C-statistic: concordance statistic; OR: odds ratio; Cl: confidence interval; SIRS: systemic inflammatory response
syndrome; DM: diabetes mellitus; CKD: chronic kidney diseases; HD: hemodialysis; TIPS: transjugular intrahepatic portosystemic shunt; Fib-4: fi-
brosure-4; APRI: AST to platelet ration index; CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; WBC: white blood cell count; Hb:
hemoglobin; PT: prothrombin; INR: international normalized ratio; PTT: prothrombin time; TB: total bilirubin; DB: direct bilirubin; ALB: albumin; ALP:
alkaline phosphatase test; AST: aspartate aminotransferase; ALT: alanine transaminase; Cr: creatinine.

poor among ACLF patients. We found that six basic infectious
tests, if performed efficiently, are good enough to diagnose in-
fection. Serological tests could be added to identify fungal or
viral infections (less common).

The liver performs several immune functions, such as
clearing bacteria and endotoxins from circulation, and these
functions decline as the severity of liver damage progresses,

leading to the development of an immune suppressed state [4,
11], in which infection indicators may not be accurate. Our
study indicates that SIRS and serum lactate are not sufficient
infection indicators. Both SIRS-positive and SIRS-negative
patients have high rates of infection; bacterial infections were
detected in 60.32% of SIRS-positive patients and 34.59% of
SIRS-negative patients. Within our any infection cohort 58%
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Table 3. Identification of Factors Associated With Fungal Infections (N = 457)

Variable Infection frequency (%)/mean + SD OR (95% CI) C-statistics P value
SIRS criteria, Y/N (n = 455) 12 (6.35)/13 (4.89) 1.32 (0.59, 2.96) 0.53 0.50
Sex, male/female 13 (4.42)/12 (7.36) 0.58 (0.26, 1.31) 0.57 0.19
DM, Y/N (n = 455) 11 (7.33)/14 (4.59) 1.65(0.73, 3.72) 0.56 0.23
CKD, Y/N (n=456) 4 (7.41)/21 (5.22) 1.45 (0.48, 4.40) 0.52 0.51
HD, Y/N 1(4.17)/24 (5.54) 0.74 (0.10, 5.72) 0.51 0.77
Chemotherapy, Y/N (n = 449) 1 (14.29)/24 (5.43) 2.90 (0.34, 25.09) 0.51 0.33
Immunotherapy, Y/N (n = 454) 3(8.33)/22 (5.26) 1.64 (0.47, 5.75) 0.52 0.44
History of Clostridium difficile, Y/N 0 (0)/25 (5.68) NA 0.52 0.98
History of cocci, Y/N 0 (0)/25 (5.64) NA 0.52 0.98
TIPS, Y/N 1(2.33)/24 (5.80) 0.39 (0.05, 2.93) 0.53 0.36
Ever smoker, Y/N (n=453) 13 (5.51)/12 (5.53) 1.00 (0.44, 2.23) 0.50 0.99
Ever drinker, Y/N (n = 442) 15 (5.17)/9 (5.92) 0.87 (0.37,2.03) 0.52 0.74
Antibiotic, Y/N (n = 441) 5(10.00)/20 (5.12) 2.06 (0.74, 5.76) 0.55 0.17
Supplements, Y/N (n = 456) 2(3.39)/23 (5.79) 0.57 (0.13, 2.49) 0.53 0.45
Lactate (n=314) 3.29+2.77 1.10 (0.98, 1.25) 0.62 0.11
Platelet 117.28 +78.21 0.996 (0.990, 1.002) 0.55 0.21
Fib-4 12.09 £ 26.13 1.00 (0.99, 1.02) 0.57 0.76
APRI 5.11+17.57 0.99 (0.95, 1.03) 0.45 0.67
CTP 11.48 +1.46 1.20 (0.91, 1.60) 0.55 0.20
MELD (n = 428) 18.73 £8.52 1.06 (1.01, 1.10) 0.69 0.01
Age (n = 456) 55.50 + 10.87 1.01 (0.98, 1.05) 0.53 0.53
WBC (n = 456) 9.08 +6.03 0.96 (0.89, 1.04) 0.51 0.35
Hb 11.16 £2.78 0.84 (0.72,0.97) 0.64 0.02
PT (n=433) 21.42+£17.95 1.013 (1.001, 1.026) 0.70 0.03
INR (n=433) 1.69 + 0.96 1.34 (1.03, 1.74) 0.71 0.03
PTT (n=231) 38.57 +16.80 1.015 (0.996, 1.034) 0.73 0.13
TB (n=453) 5.00 +£6.32 1.052 (1.004, 1.102) 0.63 0.03
DB (n=106) 5.70 £5.51 0.91 (0.76, 1.10) 0.52 0.35
ALB (n =402) 3.43+£12.04 1.013 (0.996, 1.031) 0.41 0.13
ALP (n =455) 163.77 + 128.99 0.999 (0.995, 1.003) 0.53 0.59
AST 115.86 +=248.31 0.996 (0.990, 1.003) 0.52 0.27
ALT 64.95 £ 155.36 0.99 (0.98, 1.01) 0.56 0.18
Cr (n=454) 1.54 +1.88 1.01 (0.82, 1.25) 0.51 0.89

Y/N: yes/no; SD: standard deviation; C-statistic: concordance statistic; OR: odds ratio; Cl: confidence interval; SIRS: systemic inflammatory response
syndrome; DM: diabetes mellitus; CKD: chronic kidney diseases; HD: hemodialysis; TIPS: transjugular intrahepatic portosystemic shunt; Fib-4: fi-
brosure-4; APRI: AST to platelet ration index; CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; WBC: white blood cell count; Hb:
hemoglobin; PT: prothrombin; INR: international normalized ratio; PTT: prothrombin time; TB: total bilirubin; DB: direct bilirubin; ALB: albumin; ALP:
alkaline phosphatase test; AST: aspartate aminotransferase; ALT: alanine transaminase; Cr: creatinine.

were SIRS-positive and 42% were SIRS-negative. Therefore,
infection cannot be ruled out for a SIRS-negative patient.
Moreover, cirrhotic patients who meet SIRS criteria do not
respond to antibiotic treatment and their mortality risk re-
mains high [7]. Other studies have associated SIRS with poor
outcomes independent of other factors including infection
[12]. This makes SIRS a prognostic determinant rather than a

screening tool for infection at an early stage.

Our data did not suggest that serum lactate alone is an
accurate predictor of infection within cirrhotic patients. How-
ever, including additional variables in a multivariable logistic
model increased predictive accuracy significantly. C-statistics
increased to 0.83 for any infection (P < 0.0001), and to 0.71
for bacterial infections. Unfortunately, these C-statistics are
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Table 4. Cutoffs for Fungal Infection (N = 457)

Variable Best cutoff? Sensitivity? Specificity? Youden®
MELD 19.33 81.8% 58.6% 40.4%
Total bilirubin 4.20 64.0% 67.8% 31.8%
International normalized ratio 1.50 79.2% 54.8% 33.9%
Hemoglobin 11.30 76.0% 49.8% 25.8%

aThe value maximizes Youden statistic. "/ROC analysis was performed to derive sensitivity and specificity based on a logistic regression model with
the continuous variable of interest (e.g., MELD) as the only covariate. ®°Youden = sensitivity + specificity - 1. MELD: model for end-stage liver disease;

ROC: receiver operating characteristic.

not acceptable in diagnostic practice.

There has been promising research on the diagnostic value
of additional biochemical and clinical variables not available
within our study. Gur et al determined that procalcitonin above
0.217 was associated with an 11 times risk of infection (P <
0.05) [13]. Other studies detected diagnostic correlation with
serum C-reactive protein with a cut-off value of greater than
55.8 mg/L [14] and quick sequential organ failure assessment

(qSOFA) score [15]. In post hoc analyses researchers found
that an onset of infection correlates with an increase in qSOFA
score [15].

A recent overview of the treatment of cirrhotic patients
advises against the prophylactic use of antibiotics except in
special circumstances such as gastrointestinal bleeding, histo-
ry of spontaneous bacterial peritonitis, or ascites fluid protein
concentration < 1.5 g/dL [16]. Despite this recommendation,

ROC Curve for Model
Area Under the Curve = 0.7877

1.00 —

0.75

0.50

Sensitivity

0.25

0.00 —

Pomts labeled by observ ation number

0.50 0.75 1.00

1 - Specificity

Figure 1. Logistic regression analysis demonstrates the association between the proportion of basic infectious workup tests
completed and infection status. Analysis is based on the area under the ROC curve. ROC: receiver operating characteristic.
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we know that with septic shock each hour of delay in antibiotic
treatment following documented hypotension can decrease pa-
tient survival by up to 7.6% for the first 6 h [17]. We lose vital
time while waiting the result of a bacterial culture, but we also
do not want to put unnecessary stress on the liver by treating
a non-existent infection. Further data are needed to identify
readily available diagnostics to use within this patient popula-
tion.

In conclusion, our study revealed that SIRS criteria alone
moderately predict infections in acutely decompensated cir-
rhotic patients. The addition of other factors moderately im-
proves predictive ability. Elevated MELD score is associated
with fungal infections, which resulted in high mortality. More
comprehensive tools are needed to predict infection upon ad-
mission while awaiting the results of an infection workup. Cur-
rent practice to identify infections is extremely poor but can be
predicted using a set of six basic infectious tests. A standard-
ized approach consisting of some of the parameters mentioned
here, evaluated in a prospective study, is necessary to improve
the care and outcomes of patients with acutely decompensated
cirrhosis.
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