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LETTER TO THE EDITOR

The serum-ascites vitamin D gradient
(SADG): A novel index in spontaneous
bacterial  peritonitis
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CRP  C-reactive  protein
MELD  Model  for  End-stage  Liver  Disease
PMN  polymorphonuclear  leukocytes
SADG  serum-ascites  vitamin  D  gradient
SBP  spontaneous  bacterial  peritonitis
VDR  vitamin  D  receptor

Spontaneous  bacterial  peritonitis  (SBP),  which  is  the  most
common  infective  complication  of  liver  cirrhosis,  is  mostly
due  to  Gram-negative  bacteria  [1,2].  Its  incidence  ranges
from  10%  to  30%  in  hospitalized  patients,  with  a  mortality  as
high  as  46%  [1].  The  cornerstone  of  the  diagnosis  of  SBP  is
a  polymorphonuclear  leukocyte  (PMN)  count  in  ascitic  fluid
exceeding  250  cells/microL.  However,  it  has  been  suggested
that  dosage  of  specific  molecules  in  ascitic  fluid,  namely,
C-reactive  protein,  lactoferrin  and  calprotectin,  may  be
additional  prognostic  or  diagnostic  tools  in  patients  with  SBP
[3,4].

Among  its  various  biological  activities,  25-hydroxyvitamin
D  (25-OH  vitamin  D)  —  the  first  catabolite  of  vitamin  D  —  is
involved  in  the  immune  response.  Low  levels  of  circulating
25-OH  vitamin  D  are  associated  with  infections  in  patients
with  cirrhosis  [5].  Serum  25-OH  vitamin  D  levels  are  gener-

ally  lower  in  these  patients  than  in  controls  [6]  and  even
lower  in  patients  with  decompensated  cirrhosis  [7].

The  aim  of  our  study  was  to  investigate  the  role  of  vitamin
D  levels  in  ascitic  fluid  in  SBP  patients.
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Therefore,  we  prospectively  enrolled  consecutive
atients  with  liver  cirrhosis  and  ascites  who  underwent
aracentesis  from  1  December  2015  to  31  March  2017  at
wo  Italian  Universities  (Department  of  Clinical  Medicine
nd  Surgery,  Section  of  Infectious  Diseases,  AOU  Federico
I  of  Naples,  Area  of  Clinical  Medicine  and  Hepatology,
niversity  Hospital  Campus  Bio-medico  of  Rome).  The
nly  exclusion  criterion  was  vitamin  D  supplementation
n  the  previous  12  months.  All  patients  gave  consent
or  anonymized  data  collection  for  scientific  purposes
pon  hospital  admission.  The  demographic,  clinical  and
aboratory  characteristics  of  the  patients  were  recorded.
e  also  measured  the  leukocyte  and  PMN  count,  albumin

evels,  and  pH.  Spontaneous  bacterial  peritonitis  was
iagnosed  according  to  current  guidelines,  namely  in  case
f  a  polymorphonuclear  leukocyte  (PMN)  count  in  ascitic
uid  exceeding  250  cells/microL  [4].  We  also  screened
atients  at  enrollment  for  the  presence  of  infections  other
han  SBP.

Vitamin  D  deficiency  was  defined  as  a  25-OH  vitamin  D
erum  concentration  below  20  ng/mL,  insufficiency  as  25-
H  vitamin  D  concentrations  between  21—29  ng/mL,  and
ufficiency  as  25-OH  vitamin  D  concentrations  between
0−100  ng/mL,  according  to  guidelines  [8].  A  blood  sample
as  taken  for  serum  25-OH  vitamin  D  measurement  on  the
ay  the  patient  underwent  paracentesis.  The  serum  ascites
5-OH  vitamin  D  gradient  (SADG)  was  calculated  with  the
ormula:

25-OH  vitamin  D  in  serum  —  25-OH  vitamin  D  in  ascites
As  statistical  test  we  used  the  Kolmogorov—Smirnov  Test

o  test  the  normality  of  distribution  for  continuous  varia-
les.  Continuous  variables  are  reported  as  mean  ±  standard
eviation  in  case  of  normal  distribution  and  median  and
nterquartile  range  when  variables  were  non-normally  dis-
ributed.  Categorical  variables  are  reported  as  frequency
percentage),  and  the  Chi2 test  was  used  for  comparisons.
hen  comparing  two  groups,  data  were  analyzed  using

he  Student-t  test  and  the  Mann—Whitney  U  Test,  in  nor-
ally  or  non-normally  distributed  variables,  respectively.
s  correlation  tests,  we  used  the  Pearson  and  Spearman
est  for  normally  and  non-normally  distributed  variables,
espectively.  All  data  obtained  were  analyzed  using  IBM  SPSS
tatistics  for  Windows,  Version  22.0  (IBM  Corp.,  Armonk,  NY,

SA).

In  our  study,  we  enrolled  54  patients  in  the  study.  The
linical  and  key  laboratory  characteristics  of  patients  with
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Table  1  Serum  and  ascites  parameters  in  patients  with  and  without  SBP.

Total  (n  =  54)  Patients  with  SBP  (n  =  16)  Patients  without  SBP  (n  =  38)  P

Age,  years  65.8  ±  9.9  66.0  ±  6.6  65.7  ±  11.2  0.936
Male gender,  n  (%)  32  (59.3)  10  (62.5)  22  (57.8)  0.067
Etiology of  liver  cirrhosis,  n  (%)  0.192

HCV 32  (59.3)  12  (75.0)  20  (52.6)
HBV 4  (7.4)  0  (0)  4  (10.5)
Alcohol-related  7  (13.0)  0  (0)  7  (18.4)
Autoimmune  2  (3.7)  1  (6.3)  1  (2.6)

Metabolic  2  (3.7) 0  (0)  2  (5.3)
Cryptogenetic  7  (13.0) 3  (18.8) 4  (10.5)
Child—Pugh  class

B,  n  (%)  36  (66.7)  6(37.5)  30  (78.9)  0.002
C, n  (%)  18  (33.3)  10  (62.5)  8  (21.1)

MELD scorea 15  (10;  22)  15  (12;  23)  14  (10;  19)  0.552
History of  HCC,  n  (%)  11  (20.4)  4  (25)  7  (18.4)  0.263
Esophageal varices,  n  (%)  45  (83.7)  13  (81)  32  (84.2)  0.090
Portal vein  thrombosis,  n  (%)  14  (25.9)  5  (31.3)  9  (23.6)  0.742
Serum albumina,  g/dL  2.9  (2.6;  3.4)  3.0  (2.8;  3.5)  2.9  (2.6;  3.4)  0.834
ALT, U/L  41  ±  31  42  ±  36  41  ±  38  0.964
Total bilirubin,  mg/dLa 2.1  (1.2;  3.1)  2.1  (1.2;  3.0)  2.1  (1.1;  3.3)  0.963
Pseudocholinesterasea,  U/L  2071  ±  894  1999  ±  757  2113  ±  977  0.699
Creatininea,  mg/dL  1.3  (1.0;  1.6)  1.6  (1.1;  2.4)  1.2  (0.9;  1.6)  0.246
CRPa,  mg/dL  2.3  (1.0;  5.7)  3.5  (2.3;  6.0)  1.5  (0.6;  3.4)  0.039
Hemoglobin,  g/dL  10.2  ±  1.7  10.5  ±  1.8  10.2  ±  1.7  0.560
Platelet, 103/�L 110.4  ±  73.3  89.7  ±  45  119.4  ±  81  0.179
Quick time,  s  53  ±  17  54  ±  16  52  ±  18  0.719
�-FPa,  ng/mL  6.7  (3.0;  16)  6.3  (1.4;  14)  6.8  (3.1;  59.2)  0.802
Procalcitonina,  ng/mL  0.7  (0.3;  1.8)  1.0  (0.3;  2.0)  0.6  (0.3;  1.9)  0.881

Data are expressed as mean ± standard deviation or median (interquartile range). Categorical data are expressed as absolute number
(percentage). SBP: spontaneous bacterial peritonitis; MELD: Model for End-stage Liver Disease; RP: C-reactive protein; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Afp: alpha-fetoprotein.

a Non-normally distributed variables. Difference between groups tested with test Mann—Whitney test instead of Student’s t-test.

Figure  1  Serum  and  ascitic  levels  of  25(OH)  vitamin  D  and  serum  ascites  25-OH  vitamin  D  gradient  (SADG)  values  in  patients  with
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r without  SBP.  Box-plots  of  vitamin  D  levels  in  serum  (A)  and  a
pontaneous bacterial  peritonitis.
r  without  SBP  are  reported  in  Table  1.  SBP  was  diagnosed
n  16/54  (29.6%)  patients.  Among  these,  only  two  patients
12.5%)  had  culture-positive  ascitic  fluid.  Vitamin  D  defi-
iency  was  observed  in  most  patients  (n  =  49/54,  90.7%)
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s  (B)  and  SADG  (C)  values  in  patients  with  or  without  SBP.  SBP:
egardless  of  SBP  diagnosis.  Notably,  half  of  the  sample
n  = 28;  51.8%)  had  severe  vitamin  D  deficiency.  The  lev-
ls  of  vitamin  D  in  serum  or  ascites  did  not  differ  between
atients  with  or  without  SBP  (P  =  0.166  and  P =  0,164,  respec-
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tively).  In  the  whole  sample,  SADG  values  ranged  between
−4  and  +12  ng/mL,  with  a  median  value  of  −2 ng/mL  (IQR
−5.0  to  +1.0)  (Fig.  1).  The  SADG  was  significantly  lower  in
patients  with  SBP  than  in  those  without  SBP  [−5.5  ng/mL
(IQR:  −7.4;  −3.3)  vs.  −1.4  ng/mL  (IQR:  −3;  +3.1,  P  =  0.001)
(Fig.  1).  On  the  other  hand,  the  SADG  did  not  differ  signifi-
cantly  between  Child  B  and  Child  C  patients  (SADG  =  −1.07
and  −2.89,  respectively;  P  =  ns).  As  expected,  CRP  levels
were  higher  in  patients  with  SBP  than  in  those  without  SBP
(P  =  0.039).  No  significant  correlation  was  found  between
CRP  and  SADG  values  (P  =  0.071).

We  compared  the  SADG  in  patients  with  an  infection  other
than  SBP  (n  =  12),  patients  with  SBP  (n  =  16)  and  patients
without  infection  (n  =  26):  median  SADG  values  were  −5.6,
−1.5,  and  −1.0,  respectively.  A  statistically  significant  dif-
ference  was  observed  between  patients  with  SBP  and  the
other  two  groups  (P  =  0.005),  whereas  no  difference  was
found  between  patients  with  an  infection  other  than  SBP
and  those  without  infection.

Discussion

Fifty-four  patients  were  enrolled  in  this  pilot  study.  As
expected,  [9]  most  patients  had  severe  vitamin  D  deficiency
(90.7%).  Interestingly,  although  the  vitamin  D  levels  of  both
serum  and  ascites  did  not  differ  between  patients  with  and
without  SBP;  the  SADG  was  significantly  lower  in  patients
with  SBP  than  in  those  without  SBP  (vitamin  D  levels  were
slightly  higher  in  the  ascites  of  patients  with  SBP).  This
prompted  the  question:  ‘‘What  is  the  biological  plausibil-
ity  of  such  a  finding?’’  In  this  context,  it  is  noteworthy  that
vitamin  D  can  modulate  host  immune  defense  through  the
vitamin  D  receptor  (VDR)  and  the  25(OH)  D3  1-�-hydroxylase
(CYP27B1)  enzyme,  which  are  expressed  in  different  types
of  immune  cells  (i.e.,  B  and  T  cells,  and  antigen  presenting
cells)  and  are  responsible  for  the  synthesis  of  the  bioac-
tive  form  of  vitamin  D  [1.25(OH)  vitamin  D]  [10].  This  active
metabolite  can  increase  the  phagocytosis  of  microorganisms
mediated  by  innate  immune  cells  that  occurs  consequent
to  the  differentiation  of  monocytes  to  mature  macrophages
with  phagocytic  activity  [11].  Interestingly,  in  the  setting  of
SBP,  the  expression  of  both  VDR  and  its  downstream  effec-
tor  molecule  LL-37  (or  Cap-18,  Cathelicidin  antimicrobial
peptide,  a  vitamin  D-dependent  endogenous  antimicrobial
peptide)  is  higher  in  the  peritoneal  leukocytes  of  patients
with  SBP  than  in  those  without  SBP  [11].  The  vitamin  D-
VDR  interaction  and  the  subsequent  hyper-expression  of
LL-37  may  be  involved  in  immune  response  against  SBP  and
higher  levels  of  vitamin  D  in  the  ascites  of  patients  with
SBP  can  be  considered  indirect  evidence  of  the  upregula-
tion  of  this  antimicrobial  pathway[11].  Taken  together,  the
evidence  available  indicates  that,  in  SBP,  vitamin  D  acts
as  a  chemotactic  and  anti-bacterial  agent  that  exerts  its
effects  locally  in  ascitic  fluid.  Therefore,  our  finding  of
a  low  SADG  in  patients  with  SBP  may  be  explained  as  a
‘‘compartmentalization’’  of  vitamin  D  from  serum  to  ascites
in  order  to  increase  local,  peritoneal  levels  of  vitamin  D

and  therefore  improve  antimicrobial  activity  in  patients  with
SBP.

A  limitation  of  this  study  is  the  small  number  of  patients
enrolled.  This  could  have  affected  the  positive  predictive
e59

alue  of  our  findings,  given  that  we  found  only  marginal  dif-
erences  in  vitamin  D  concentrations  in  serum  and  ascitic
uid.  Moreover,  the  clinical  usefulness  of  our  finding  that
he  SADG  was  significantly  lower  in  patients  with  SBP  than  in
hose  without  SBP  remains  to  be  established.  Consequently,
ore  highly  powered  studies  are  needed  to  determine  if  the

ADG  has  any  prognostic  significance  in  SBP  patients  and  to
valuate  modifications  of  the  SADG  in  response  to  vitamin  D
upplementation.
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