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KEYWORDS Summary

Infection; Background: Vitamin D plays a role in innate and acquired immunity. The risk for bacterial
Liver cirrhosis; infections is increased in cirrhotic patients due to low levels of vitamin D. This study aimed to
Vitamin D; determine serum 25-(OH) vitamin D levels among cirrhotic patients in the presence and absence
Disease severity; of infections and correlate this level with liver disease severity.

Predictor Methods: This cross-sectional analytic study recruited 87 hospitalised cirrhotic patients who

were divided into the following groups: group with evidence of infection (45 cases) and group
without infection (42 cases). Urine analysis, ascetic fluid study and chest X-rays were performed
to find the site of infection. Serum 25-(OH) vitamin D was also measured.

Results: Vitamin D levels were lower in the cirrhotic with infection group than in the cirrhotic
without infection group (17.3+2.5 vs. 41.1+3.1, respectively) (P-value <0.001). Approxi-
mately 71.4% cirrhotic patients without infection had sufficient vitamin D levels, while 60%
of cirrhotic patients with infection had insufficient vitamin D levels, and 28.9% had vitamin D
deficiency (P-value <0.001). Spontaneous bacterial peritonitis was the most common infection
(62.2%). The cutoff point of vitamin D levels for cirrhotic patients with infection was 21 ng/mL.
Conclusion: Vitamin D deficiency was found to be an independent predictor of infection in
cirrhotic patients suggesting that vitamin D supplementation may be useful in these patients.
No significant correlations were found between the vitamin D level and the Child—Pugh class
and MELD score among the infected group and non-infected group.
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25-0OH vitamin D twenty-five hydroxy vitamin D

MELD  Model for End Stage Liver Disease

SBP spontaneous bacterial peritonitis

CBC complete blood count

ELISA  enzyme-linked immunosorbent assay
Introduction

Vitamin D plays a role in the metabolism of calcium and has
an effect on bone mineralisation. Rickets in children and
osteomalacia in adults are both consequences of vitamin
D deficiency [1]. Vitamin D also participates in innate and
acquired immunity; it increases innate immunity and modi-
fies lymphocyte activation, leading to a change towards the
T2 helper response [2,3].

Low twenty-five hydroxy vitamin D (25-OH vitamin D)
levels were associated with an increased risk of bacterial
infection in intensive care units [4]. Studies in children
reported an association between vitamin D deficiency and
the risk of viral diseases [5].

Disturbed vitamin D metabolism in liver cirrhosis was first
reported in the late “1970s and was attributed to defective
25-(0OH) vitamin D hydroxylation of the precursor of vita-
min D caused by impaired liver function [6—8]. Moreover,
vitamin D deficiency was associated with increased bacterial
infections in patients with liver cirrhosis [9].

The relation between vitamin D deficiency and mortality
in cirrhotic patients could be related to bacterial infections
[9]. Low vitamin D levels were associated with liver insuffi-
ciency and infections; thus, vitamin D can be used to assess
prognosis in patients with cirrhosis [9,10].

Few studies have focused on the role of vitamin D as a
predictive factor for infections among cirrhotic patients in
our locality.

The aim of the work: to determine the serum 25(OH)
vitamin D level among cirrhotic patients in the presence
and absence of infections and correlate it with the risk of
infections.

Patients and methods

This cross-sectional analytic study was conducted in the
Tropical Medicine and Gastroenterology Department, Al
Rajhi Liver Hospital, Assiut, Egypt. The inclusion criteria
were as follows: admitted patients with liver cirrhosis dur-
ing 6 months from August 2017 to January 2018. Patients
were divided into 2 groups. Group | comprised patients with
cirrhosis with infection at any site, and group Il comprised
patients with cirrhosis with no evidence of infection.

The diagnosis of infection was based on clinical data with
laboratory and radiological findings.

The exclusion criteria were as follows: patients with
cholestatic liver disease, patients receiving antibiotics to
treat their infection prior hospital admission and patients
refusing to participate in the study.

All included patients were subjected to history tak-
ing; physical examination; laboratory assessment, including
complete blood count, liver function, serum urea and crea-

tinine, and chemical analysis of ascitic fluid (if the patient
has ascites). In addition, urine analysis and chest X-rays were
performed. The Child—Pugh score and Model for End Stage
Liver Disease (MELD) score were used to assess liver disease
severity.

The diagnosis of spontaneous bacterial peritonitis (SBP)
was made based on the presence of >250 polymorphonu-
clear (PMN) cells/m3 in ascitic fluid with or without a
positive ascitic fluid bacterial culture with no secondary
peritonitis [11]. Serum 25-(OH) vitamin D was measured for
both groups.

Laboratory methods

1. Eight millilitres blood was withdrawn by venepuncture
and distributed into three tubes, with 2 mL in an EDTA tube
for CBC, 2 mL for prothrombin time and concentration, and
4mL in a plastic tube that was allowed to clot for serum
separation. Non-haemolyzed serum was separated by cen-
trifugation, and part was used for the determination of
creatinine and liver functions; another part was stored in
aliquots at —20°C to measure vitamin D levels.

2. Ascitic fluid samples were obtained by paracentesis
performed under complete aseptic conditions.

Laboratory tests

The level 25-hydroxy vitamin D in the serum was measured
by the competitive enzyme-linked immunosorbent assay
(ELISA) technique using a CALBIOTECH kit (A life science
company, Catalogue No.: VD220B, San Diego-based company
established in 1998, USA). The vitamin D level was defined
as sufficient if between 30—100 ng/mL, insufficient between
10—30ng/mL and deficient if <10ng/mL.

The institutional review board statement

This study was approved by the Faculty of Medicine Ethics
and Scientific Research Committees (ID: 17300136. Clini-
cal trial, No.: NCT03391245). All patients provided written
consent. The data were confidential. All procedures per-
formed in this study were in accordance with the ethical
standards of the institution and/or national research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments.

Statistical analysis

Statistical Package for the Social Sciences (SPSS, version
20; SPSS Inc., Chicago, IL, USA) software was used for sta-
tistical analysis. The means +standard deviation/error or
frequencies were used. Chi? tests were applied for compari-
son between proportions. Continuous variables were tested
for a normal distribution using the Shapiro—Wilk test and
Q-Q Plots. The data were nonparametric.

The Mann—Whitney U test was applied for comparisons
of continuous variables between the 2 groups. Spearman’s
correlation analysis was performed for assessment of corre-
lations between the vitamin D level and both the Child—Pugh
class and MELD scores among the infected and non-infected
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Table 1 Demographic characteristics and disease severity of the study groups.
Variable Cirrhotic with infection Cirrhotic without infection P-value
n=45 n=42

Age (yr)? 59.7 £11.7 59.3+10.2 0.881
Gender 0.681

Male 27 (60%) 27 (64.3%)

Female 18 (40%) 15 (35.7%)
Child-Pugh class 0.202

A 0 (0%) 1 (2.4%)

B 11 (24.4%) 16 (38.1%)

C 34 (75.6%) 25 (59.5%)
MELD score?® 20.67 +6.9 18.6+5.4 0.085
Ascites 40 (88.9%) 34 (81%) 0.299
Data are expressed as numbers and percentages. n: number.

@ Data are expressed as the mean + standard deviation (SD).
Table 2 Laboratory data of the study groups.
Variable Cirrhotic with infection Cirrhotic without infection P-value
n=45 n=42

WBCS (x1000/mm?3) 9.2+5.6 6.8+0.8 0.020°
RBCS 3.6+0.9 3.5+0.5 0.276
Hb (g/dL) 10.3+0.4 9.8+0.3 0.313
PLT (x1000/mm3) 105.7 +11.7 118.8+9.5 0.390
Urea (mmol/L) 15.7+1. 8 11.7+1.1 0.102
Baseline creatinine (umol/L) 151.4+20.1 111.4+£8.5 0.042°
Total bilirubin (umol/L) 78.5+11.3 70.4+17.3 0.690
Total protein g/L 63.8+1.9 66.4+1.5 0.301
Albumin g/L 23.3+0.9 24.4+1.1 0.419
AST (U/L) 95.1+11.4 67.6+10.1 0.076
ALT (U/L) 54.7 +8.4 63.5+27.4 0.753
Prothrombin time 21.0+0.7 19.0+0.5 0.026°
Number of cases with diagnostic paracentesis? 32/40(80%) 27/34(79.4%) 0.949
Polymorph in ascitic fluid 3031.3+917.2 57.1+9.7 0.003
Protein in ascitic fluid 10.9+1.7 14.0+2.0 0.244
Albumin in ascitic fluid 5.2+1.2 6.6+0.9 0.343

Hb: haemoglobin; WBC: white blood cell count; PLT: platelet count; AST: aspartate aminotransferase; ALT: alanine aminotransferase;

data are expressed as the mean £ SE; n: number.
@ Data are expressed as the number and percentage.
b Significant.

groups. Univariate and multivariate regression were applied
for detection of the risk factors for infection. P-values < 0.05
were considered significant. The receiver operator charac-
teristic (ROC) curve was used to determine the optimum
vitamin D level cutoff points for infected cirrhotic patients.

Results

The present study included 87 cases with liver cirrhosis. The
aetiology of liver cirrhosis was HCV in 74 cases (85.1%), HBV
in 6 cases (6.9%), Budd—Chiari syndrome in 3 cases (3.4%),
and others in 4 cases (4.4%) (including autoimmune disease,
cryptogenic, combined HBV and HCV, and Wilson’s disease).
Patients were divided into 2 groups. Group 1 included 45
cirrhotic patients with infection, and group 2 included 42
cirrhotic patients with no infection.

Patients were age and sex matched. The majority of cases
in both groups were either Child—Pugh class C or B. The
MELD scores were not significantly different between the
two groups (P=0.085) (Table 1).

Regarding the common sites of infection among the cir-
rhotic group with infection, SBP was the most common in 28
patients (62.2%), followed by respiratory tract infection in
10 patients (22.2%), skin and soft tissue infection (cellulitis)
in 4 patients (8.8%) and urinary tract infection in 3 patients
(6.6%).

Laboratory data of the study groups

The WBC count, baseline creatinine, prothrombin time, and
polymorph count in ascitic fluid were significantly different
between the two groups. These measures were elevated



54

H.K. Ramadan et al.

Table 3  Vitamin D level and status in the study groups.

Variable Cirrhotic with infection Cirrhotic without infection P-value
n=45 n=42
Vitamin D level (ng/mL) 17.3+£2.5 41.1+3.1 <0.001°
Vitamin D status? <0.001P
Sufficient 5 (11.1%) 30 (71.4%)
Insufficient 27 (60%) 12 (28.6%)
Deficient 13 (28.9%) 0 (0%)

Data are expressed as the mean =+ standard error (SE); n: number.
@ Data are expressed as the number and percentage.

b Significant; sufficient: reference range (30—100ng/mL). Insufficient: reference range (10-30ng/mL). Deficient: reference

range < 10 ng/mL.
Table 4 Independent predictors of infection among cirrhotic patients using multivariate regression analysis.
Variable EXP (B) P-value 95% Cl for EXP (B)
WBCS (x1000/mm?) 1.1 0.131 0.966—1.303
Baseline creatinine (umol/L) 1.0 0.200 0.977—1. 015
Prothrombin time (min) 1.2 0.069 0.988—1.387
Vitamin D level (ng/mL) 0.93 0.000? 0.894—0.959
a Significant.
in the cirrhotic with infection group (P=0.020, P=0.042, Vit_D_level
P=0.026, P=0.003, respectively). The remaining laboratory 100F
data showed no differences between the groups (P>0.05) P
(Table 2). 80 |- Sensitivity: 84.4
i Sp_eci_!ic'rt?r: ?E 1
Vitamin D levels and status in the study groups Z ek bl
= B
The mean vitamin D level was lower in the cirrhotic with @ 3
infection group than in the cirrhotic without infection group 3 40 [
(17.3+2.5 and 41.1+ 3.1, respectively) (P-value <0.001). f
Approximately 71.4% of cirrhotic patients without infec- 20}
tion had sufficient levels of vitamin D. However, 27 (60%) i
cirrhotic patients with infection had insufficient levels of A I T N
vitamin D, and 13 (28.9%) had a vitamin D deficiency (P- 0 20 40 60 80 100
value <0.001) (Table 3). Among the infected group, the 100-Specificit
mean levels of vitamin D were lower in Child—Pugh class P y
C (n=34) than in Child—Pugh class B (n=11) (11.9+0.9vs.  Figure 1 Receiver operating characteristic (ROC) curves of

19.143.2) (P-value =0.037).

Among the cirrhotic without infection group, there was
no significant difference between the Child—Pugh class and
mean vitamin D level (P-value =0.256).

Using Spearman’s correlation analysis, no significant cor-
relations were found between the vitamin D level and
the Child—Pugh class and MELD score among the infected
group and non-infected group (P=0.987, r=0.003; P=0.112,
r=0.240; P=0.05, r=0.305; P=0.221, r=0.193, respec-
tively).

According to multivariate regression analysis, a low vita-
min D level was an independent predictor of infection among
cirrhotic patients (Table 4).

ROC curve analysis of vitamin D levels

Using a ROC curve, the optimal vitamin D level cutoff point
for cirrhotic patients with infection was 21 ng/mL with a

vitamin D levels in detecting infection among cirrhotic patients.

sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV) and overall accuracy of 84.44%,
88.10%, 88.4%, 84.1%, and 86.2%, respectively (area under
the curve: 0.861) (Fig. 1).

Discussion

In Egypt, the highest prevalence of vitamin D insufficiency
was found in the elderly population (77.2%) and in pregnant
females (72%), while the lowest prevalence was found in
children (11.5%) [12—14].

Vitamin D deficiency has a higher prevalence in chronic
liver disease (CLD) cases than in the general population,
with a range between 64% and 92% [15]. This high preva-
lence occurs regardless of the aetiology of CLD [16]. In the
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current study, 27 (60%) cirrhotic with infection cases had
insufficient levels of vitamin D, and 13 (28.9%) had vitamin
D deficiency (P-value <0.001). In contrast, vitamin D levels
were insufficient in only 12 patients (28.6%) among those
without infection.

El Tayeb et al. examined 59 healthy Egyptian men (age
range: 40—59 years), and found 13.6% and 23.7% having
insufficient and deficient vitamin D status, respectively
[17].

A low level of vitamin D in CLD patients is caused
by several mechanisms, such as malnutrition, low sunlight
exposure, low intestinal absorption of vitamin D caused
by intestinal oedema complicating portal hypertension, or
cholestasis-induced bile salt disruption. In addition, low lev-
els of vitamin D-binding proteins (DBPs) and albumin, which
transfer vitamin D to the liver and kidney for subsequent
activation, could be a contributing factor. Moreover, hydrox-
ylation of vitamin D by the liver is impaired, leading to
low production of the active form of vitamin D, while the
catabolism of the vitamin remains high [18].

Macrophages, dendritic cells, and lymphocyte T and
B cells release CYP27B1 enzymes, which change 25-(OH)
vitamin D to calcitriol. Calcitriol then binds to receptors
in innate immune cell nuclei, particularly in antigen-
presenting cells, acting as a transcription factor for the
antimicrobial peptides cathelicidin and beta defensins. This
process leads to an acceleration of 3 actions, phagocytic,
chemotactic, and antimicrobial effects [19,20].

Therefore, vitamin D contributes to immune regula-
tion with a protective effect against infections. Vitamin
D deficiency worsens as liver disease stages become more
advanced. In the current study, the mean level of vita-
min D was lower in infected patients with Child—Pugh class
C than in those with Child—Pugh class B (P-value =0.037).
This finding was similar to the results of Fisher et al. who
reported more vitamin D deficiency in cirrhotic patients with
Child—Pugh grade C than in those with Child—Pugh grade A
[21].

Infection in cirrhotic patients mostly represents a par-
ticular prognostic stage of cirrhosis, which affects survival
regardless of liver disease severity. Additionally, infected
patients have a higher risk of mortality even if they sur-
vive an acute episode of infection [22]. Gentile et al.
concluded that infection in hospitalised cirrhotic patients
had an impact on survival over a median follow-up of one
year irrespective of liver disease stage with 30% mortality
[23].

Moreover, in a recent prospective multicentre study, the
thirty-day mortality in cirrhotic patients with infection was
25%. SBP in 36% of patients and pneumonia in 31% were asso-
ciated with the highest mortality rates, followed by primary
blood stream infection (29%) [24].

In the current study, SBP was the most common infection
among cirrhotic patients (62.2%). Respiratory tract infection
was the second most common (22.2%), followed by skin and
soft tissue infection and urinary tract infection as the least
common. Low vitamin D levels could be a risk factor for SBP;
this group of patients requires vitamin D supplementation,
which could also be used as a prophylactic therapy. Trepo
et al. reported a tendency towards an increased incidence
of SBP (15.7 vs. 6.9%, P=0.056) in cirrhotic patients with

(n=142) and without (n=112) a severe vitamin D deficiency
[25].

The antimicrobial peptide cathelicidin (LL-37) is involved
in protecting the epithelial barrier against infection and is
secreted by immune cells in blood circulation. Vitamin D
intracellular signalling activates cathelicidin via the vitamin
D receptor (VDR) [26].

Zhang et al. evaluated the role of the vitamin D/LL-
37 pathway in the pathogenesis and treatment of SBP and
reported that vitamin D supplementation enhances peri-
toneal macrophage VDR and LL-37 expression levels to
prevent SBP in decompensated cirrhosis [27]. However, in
a recent study, urinary tract infections were the most com-
mon, followed by lower respiratory tract infections, SBP and
sepsis; thus, the authors concluded that vitamin D deficiency
was one of the possible predictive factors for infections in
liver cirrhosis [28].

In multivariate regression analysis, vitamin D deficiency
was an independent predictor of infection in cirrhotic
patientsin the current study (P-value <0.001). In the present
study, the optimum vitamin D cutoff level in cirrhotic
patients with infection was 21 ng/mL with a sensitivity and
specificity of 84.44% and 88.10%, respectively. However,
Anty et al. studied 88 subjects and found that cirrhotic
patients with marked vitamin D deficiencies (<10ng/mL)
had more bacterial infections than did those with vitamin
D levels > 10 ng/mL (54% versus 29%, P=0.02) [9].

The Institute of Medicine (IOM) of the National Academies
in the United States considers a vitamin D level of
20ng/ml adequate [29]. In contrast, the Endocrine Soci-
ety (Maryland, USA) considers 30ng/mL vitamin D (i.e.,
75 nmol/L) adequate. However, optimal levels were defined
as 40—60ng/mL (i.e., 100—150nmol/L) [30]. Nonetheless,
there is still no definition of the optimal levels of vitamin D
for patients with CLDs [31].

In a prospective study conducted on 101 patients with
liver cirrhosis, compared with the control group, the treat-
ment group showed a trend towards greater survival (69% vs.
64%) and longer survival (155 days vs. 141 days), however,
it was non-significant. Thus, vitamin D supplementation in
patients with liver cirrhosis was significantly associated with
survival over 6 months [32].

The efficacy of vitamin D supplementation in liver cir-
rhosis in decreasing infection risk with the determination
of the optimal dose, route of administration and duration
must be further validated in large prospective studies and
randomised trials.

Although a previous study investigated this association
between vitamin D and infection in liver cirrhosis, our study
took more advanced stages of liver cirrhosis into account.
Our study also included a cirrhotic group with infection and
another group without infection as a control group. Both
groups were age and sex matched, as well as matched with
regard to the severity of liver cirrhosis.

However, our study has some limitations. First, this is a
single centre study. Second, no culture was used to deter-
mine the specific organisms causing the infections. However,
culture testing takes time, and patients usually receive
empirical antibiotics on admission before culture results are
obtained. Third, we did not assess the effect of vitamin D
administration in these cases.
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Conclusion

Vitamin D deficiency was found to be an independent predic-
tor of infection in cirrhotic patients suggesting that Vitamin
D supplementation may be useful in these patients. No sig-
nificant correlations were found between the vitamin D level
and the Child—Pugh class and MELD score among the infected
group and non-infected group.
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