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Introduction
Spontaneous bacterial peritonitis (SBP) is a common 
and severe complication in cirrhotic patients with ascites. 
The incidence of SBP in cirrhosis has been reported 
to be 20% on an average, the mortality rate related to 
this complication being more than 50% [1–4]. SBP is 
thought to appear as a consequence of the impaired 
defensive mechanisms against infection present in 
cirrhotic patients, such as depressed reticuloendothelial 
system phagocytic activity, impaired leukocyte function, 
reduced serum complement levels and low antibacterial 
activity of the ascetic fluid [3,5].

The SBP recurrence rate was about 51% in the 
1980s [6]. Over the years, several large studies identified 
additional risk factors for the development of SBP, 
such as a low protein concentration in ascites fluid [6], 
variceal haemorrhage, serum bilirubin level greater 
than 3.2 mg/dl, platelet count less than 98 000/mm3 
and previous SBP episodes [7–10].

It has recently been shown that among various 
nutrients, trace metals, such as zinc, are involved closely 
in the pathophysiology of liver cirrhosis [11–13]. 
Reliable parameters to predict the occurrence of 
SBP would help in the selection of appropriate 
patients who would benefit from selective intestinal 
decontamination.

A direct correlation has been found between the 
impairment of the local defensive mechanisms of 
ascites (assessed by either the opsonic activity or the total 
protein concentration in ascetic fluid) and the risk of SBP 
in cirrhotic patients hospitalized with ascites [14,15].

If zinc becomes deficient for some reason, a number 
of problems, including growth disorder, cognitive 
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disorder and compromised immune function, can 
occur [16–18]. Research has revealed that the increased 
plasma glucocorticoid level and the decreased cellular 
zinc content in zinc‑deficient animals contribute to a 
reduction in the B‑cell and T‑cell compartments by 
inducing apoptotic loss of precursor and immature 
B‑cells in the bone marrow and of pre‑T‑cells in the 
thymus [19]. Previous studies by Prasad demonstrate 
that mild zinc deficiency in humans induces an 
imbalance in ex‑vivo cytokine secretion by peripheral 
blood mononuclear cells despite maintenance of 
normal numbers of total leucocytes and B‑lymphocytes 
and T‑lymphocytes [20]. Therefore, zinc deficiency is 
responsible for recurrent infections due to compromised 
immune function [21].

Many factors are potentially responsible for zinc 
deficiency in patients with liver cirrhosis, such as 
disturbed zinc absorption by the digestive tract, 
increases in zinc excretion through urine and the 
use of diuretics increasing zinc excretion through 
urine [11,12,22]. Albumin is the major plasma carrier 
of zinc, and the amount of zinc transported in the 
blood depends not on zinc but on the availability of 
albumin [23]. Zinc deficiency may be attributed to the 
reduced albumin level in liver cirrhosis patients [24].

The aim of our study was to evaluate the rate of 
occurrence of first‑episode and recurrent SBP, to 
investigate the predictors of SBP in cirrhotic ascetic 
patients and to identify whether there was a possible 
role for zinc deficiency in these patients.

Patients and methods
This cross‑sectional study was conducted in the Sohag 
University Hospital after obtaining approval from 
the local ethics committee. All 176 cirrhotic ascetic 
patients admitted to Hepatology Department signed 
a written consent. As each patient was admitted, we 
obtained a detailed history, carried out a complete 
physical examination and took abdominal ultrasound 
to confirm the presence of liver cirrhosis and to detect 
ascites. In addition, we tapped the abdomen to measure 
the total protein concentration and cell count in ascetic 
fluid. On the first day of hospitalization, complete blood 
count was determined using   the  Beckman Synchron 
CX5 Autoanalyzer System. Standard liver and kidney 
function tests were conducted using the CEII – DYN 
3700 [Table 1].

SBP was diagnosed when a patient had ascetic fluid 
polymorphnuclear count greater than 250/mm3, and 
had an absence of clinical, laboratory, radiological 
or ultrasonographical data suggesting secondary 

peritonitis. Because ascetic fluid cultures are negative 
in a proportion of SBP [4,25], the isolation of causative 
organisms was not considered essential for the 
diagnosis of SBP.

Zinc levels were estimated by using the Colorimetric 
kit method (Saito M., Makino T.). Estimation of zinc 
in serum was done using the colorimetric assay. Normal 
zinc value in males is 60–110 μg/dl and in females it is 
60–107 μg/dl [26].

Statistical analysis
Data were analysed using STATA intercooled, 
version 9.2. Quantitative data were presented as mean 
and SD. Qualitative data were presented as number 
and percentage. Logistic regression analysis was used to 
calculate odds ratio and P value. When odds ratio could 
not be calculated, the  2‑test was used to calculate the 
P value. P value less than 0.05 was considered significant.

Results
The present study comprised 176  patients  [mean 
age: 55.66  ±  9.10  years; age range: 14–69  years; 110 
men (62.5%) and 66 women (37.5%)].

Table	1	Variables	obtained	at	the	time	of	admission
Age
Sex
Aetiology of cirrhosis
Previous history of paracentesis
History of diuretic intake
DM
Clinical presentation
Fever
Abdominal pain and tenderness
Bowel habits
Hepatic encephalopathy
Degree of ascites
Total protein concentration in ascetic fluid
Polymorphonuclear count in ascetic fluid
Other concomitant infections
CBC
HB level
WBCs count
Platelet count
Blood sugar
Standard liver and renal function tests
Serum bilirubin
Serum alanine aminotransferase
Serum albumin
Prothrombin concentration
Child class
Serum creatinine
Zinc level

CBC, complete blood count; DM, diabetes mellitus; HB, 
haemoglobin; WBC, white blood cell.



Prevalence	and	predictors	of	SBP	Mohammad et al. 39

The aetiology of cirrhosis was hepatitis C virus 
in 107  patients  (60.8%), hepatitis B virus in six 
patients (3.41%) and one patient (0.57%) was infected 
by both hepatitis B and C viruses; the rest were 
infected with neither hepatitis B nor C. As regards 
Child–Pugh score, 153 patients (86.93%) were class C 
and 23 patients (13.07%) were class B.

Of 176 cirrhotic patients, SBP was diagnosed in 
54 patients (31%); in total, 40 patients (23%) had single, 
whereas 14  (8%) suffered from recurrent episodes 
of SBP. Out of the patients with SBP, 41  (75.9%) 
presented with hepatic encephalopathy, eight (14.8%) 
with fever and 16 (29.6%) with abdominal tenderness.

Using univariate analysis we found that the long‑term 
use of PPIs was significantly more in the SBP 
group (P = 0.001). Prothrombin concentration (mean 
42.9  ±  14.81), protein level in ascetic fluid  (mean 
1.21  ±  0.52) and zinc level less than 60 were all 
significantly lower in the same group (P = 0.03, 0.001, 
P < 0.0001, respectively).

We took a cutoff point of 1 g/dl as regards protein level 
of ascites. According to the mean result and the results 
of previous studies [7,27–29], we found this level a 
strong predictor of SBP (P < 0.0001) [Table 2].

Using multivariate analysis for those significant 
variables, only low protein in ascites less than or 
equal to 1 g/dl and zinc level less than 60 μg/dl were 
independent predictors of SBP [Table 3].

Discussion
We aimed to study the prevalence and risk factors 
predicting the presence of SBP. Of the studied 176 
cirrhotic patients, the prevalence of SBP was 31% 
(54 patients); in total, 40 patients (23%) had single, 
whereas 14 (8%) had recurrent episodes of SBP; 
this result is near to that obtained by some previous 
studies [28,30–32], but many other studies determined 
either much lower prevalence rate [33,34] or 
higher [6,35].

Using univariate analysis we found that the long‑term 
use of PPIs was significantly more in the SBP group. 
This result was in agreement with that of a study by 
O’Leary et al. [36] who found that patients hospitalized 
with cirrhosis and receiving PPIs for long periods 
are at high risk for subsequent infections. Severe 
hypochlorhydria generated by PPI use leads to bacterial 
colonization and increased susceptibility to enteric 
bacterial infection [37], encourages growth of the gut 
microflora, increases bacterial translocation and alters 

various immunomodulatory and anti‑inflammatory 
effects [38–43].

In the current study we found that a low prothrombin 
concentration at mean value of 42.9  ±  14.81% was 
a risk for SBP, a result similar to that obtained in 
other studies [6,27]. On the other hand, studies 
by Guarner et  al. [7], Andreu et  al. [28] and Jamil 
et  al. [35] found no relation between prothrombin 
activity and SBP risk.

Most of the preceding studies showed that low protein 
level in ascetic fluid was a predictor for the occurrence 
or recurrence of SBP and took 1 g/dl as a cutoff point 
for risk factor [6,7,27–29].

In the present study, we found that the ascetic fluid 
protein was significantly lower in SBP group with a 
mean level of 1.21  ±  0.52  g/dl, and thus we took a 
cutoff point of 1 g/dl, which was a significant predictor 
of the presence of SBP; many studies found results in 
agreement with it [7,27–29].

In addition, using multivariate analysis, ascetic fluid 
protein level less than or equal to 1  g/dl was an 
independent risk factor for SBP.

Other factors have been found to be risky for 
first‑time or recurrent SBP in previous studies, 
such as high bilirubin level [7,27,28], low platelet 
count [7], low serum albumin level [32], increased 
serum aspartate aminotransferase levels [27] and 
Child–Pugh stage C [44], but these factors were not 
significantly different between the two groups in the 
present study.

There were some studies that examined the role of 
trace elements in immune function and susceptibility 
to infection [45–47]. Thus, several investigations 
in animals point to the possible implication of 
zinc in immune deficiency states such as T‑cell 
defects [48]. Zinc appears to influence both lymphocyte 
and neutrophil function [49]. In humans, zinc is an 
important micronutrient for the immune function, 
and zinc deficiency is responsible for the impairment 
of the overall immune function and resistance to 
infection [50].

In our study, we were concerned with the role of 
zinc deficiency and susceptibility to SBP. There were 
many factors in cirrhotic patient that may lead to 
zinc deficiency, such as disturbed zinc absorption 
by the digestive tract, increases in zinc excretion in 
urine, the use of diuretics increasing zinc excretion 
through urine [11,12,22] and hypoalbuminemia in 
cirrhotic patients [24]. The bacterial translocation, 
which is the probable cause of SBP in cirrhotic 
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patient, was attributed partially to defective immune 
system [51].

In the current study, we found that the zinc level was 
significantly lower in the patients with SBP, and by 

using multivariate analysis, zinc deficiency was found 
to be the independent predictor of the occurrence of 
SBP. To the best of our knowledge, no other study 
discussing the role of zinc in patients with SBP has 
been conducted so far.

Table	2	Comparison	between	SBP	and	non‑SBP	as	regard	risk	factors
Variable No SBP (n (%)) SBP (n (%)) Odds ratio (95% CI) P value
Age 56.20 (8.39) 54.46 (10.25) 0.98 (0.95-1.01) 0.24
Serology

Negative 6 (4.92) 3 (5.56) 1
HBV 6 (4.92) 0 Cannot be calculated
HBV and HCV 1 (0.82) 0 Cannot be calculated
HCV 72 (59.02) 35 (64.81) 0.97 (0.22-4.11) 0.97
Unknown 37 (30.33) 16 (29.63) 0.86 (0.19-3.89) 0.85

Paracentesis
No 95 (77.87) 40 (74.07) 1
Yes 27 (22.13) 14 (25.93) 1.23 (0.58-2.59) 0.58

Long use of proton pump inhibitor
No 119 (97.54) 43 (79.63) 1 0.001
Yes 3 (2.46) 11 (20.37) 10.14 (2.70-38.11)

Diuretics use
No 12 (9.84) 1 (1.85) 1
Yes 110 (90.16) 53 (98.15) 5.78 (0.73-45.64) 0.09

DM
No 88 (72.13) 34 (62.96) 1
Yes 34 (27.87) 20 (37.04) 1.52 (0.77-3.00) 0.23

Ascites
Mild 14 (11.48) 2 (3.70) 1
Moderate 85 (69.67) 37 (68.52) 3.05 (0.66-14.08) 0.15
Marked 23 (18.85) 15 (27.78) 4.57 (0.90-23.05) 0.07

Child class
B 19 (15.57) 4 (7.41) 1
C 103 (84.43) 50 (92.59) 2.30 (0.74-7.14) 0.15
HB 9.67 (2.26) 9.73 (2.17) 1.01 (0.88-1.17) 0.88

HB level
>11 39 (31.97) 15 (27.78) 1
≤11 83 (68.03) 39 (72.22) 1.22 (0.60-2.48) 0.58

WBCs 9.95 (6.45) 9.17 (5.92) 0.98 (0.93-1.03) 0.45
WBC

≥4 111 (90.98) 48 (88.89) 1
<4 11 (9.02) 6 (11.11) 1.26 (0.44-3.61) 0.67

Platelets 126.88 (67.15) 129.81 (102.22) 1.00 (0.99-1.00) 0.82
Albumin (g/dl) 1.98 (0.40) 1.99 (0.49) 1.07 (0.51-2.26) 0.85
Direct bilirubin (mg/dl) 2.6 (2.93) 2.55 (2.62) 0.99 (0.87-1.11) 0.92
ALT (IU/l) 58.85 (98.34) 38.59 (24.79) 0.99 (0.98-1.00) 0.16
Platelet count (%) 48.26 (14.39) 42.9 (14.81) 0.97 (0.95-0.99) 0.03
Creatinine (mg/dl) 1.48 (1.56) 1.46 (0.66) 0.99 (0.78-1.26) 0.95
Blood sugar (mg/dl) 128.11 (66.25) 128.78 (47.31) 1.00 (0.99-1.01) 0.95
Blood sugar (mg/dl)

<200 111 (90.98) 49 (90.74) 1
≥200 11 (9.02) 5 (9.26) 1.03 (0.34-3.12) 0.96

Zinc (μg/dl)
≥60 77 (63.11) 19 (35.19) 1
<60 45 (36.89) 35 (64.81) 3.15 (1.61-6.15) 0.001

Ascites protein (g/dl) 1.98 (0.60) 1.21 (0.52) 0.08 (0.04-0.18) <0.0001
Ascites protein (g/dl)

>1 98 (80.33) 10 (18.52) 1
≤1 24 (19.67) 44 (81.48) 17.97 (7.92-40.75) <0.0001

ALT, alanine transaminase; DM, diabetes mellitus; HB, haemoglobin; HBV, hepatitis B virus; HCV, hepatitis C virus; SBP, spontaneous 
bacterial peritonitis; WBC, white blood cell.
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Conclusion
The frequency of SBP in the present study was 31%. 
Overall, 23% of the included patients had first‑episode 
and 8% had recurrent SBP. The use of PPI, low platelet 
count, ascetic protein content and zinc deficiency were 
the predictors for the development of SBP. Only low 
protein in ascites less than or equal to 1 g/dl and low 
zinc status were independent predictors of SBP.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 Almdal TP, Skinhøj P. Spontaneous bacterial peritonitis in cirrhosis. 

Incidence, diagnosis, and prognosis. Scand J Gastroenterol 1987; 
22 (3):295–300.

2 Attali  P,  Turner  K,  Pelletier  G,  Ink  O,  Etienne  JP.  pH  of  ascitic  fluid: 
diagnostic and prognostic value in cirrhotic and noncirrhotic patients. 
Gastroenterology 1986; 90(Pt 1):1255–1260.

3 Hoefs JC, Ruyon B. Spontaneous bacterial peritonis. Dis Mon 1985; 31:1–48.

4 Pinzello G, Simonetti RG, Craxì A, Di Piazza S, Spanò C, Pagliaro L. 
Spontaneous bacterial peritonitis: a prospective investigation in 
predominantly nonalcoholic cirrhotic patients. Hepatology 1983; 
3 (4):545–549.

5 Crossley I, Williams R. Spontaneous bacterial peritonitis. Gut 1985; 
26:325–331.

6 Titó L, Rimola A, Ginès P, Llach J, Arroyo V, Rodés J. Recurrence of 
spontaneous bacterial peritonitis in cirrhosis: frequency and predictive 
factors. Hepatology 1988; 8 (1):27–31.

7 Guarner C, Solà R, Soriano G, Andreu M, Novella MT, Vila MC, et al. 
Risk  of  a  first  community‑acquired  spontaneous  bacterial  peritonitis  in 
cirrhotics  with  low  ascitic  fluid  protein  levels.  Gastroenterology  1999; 
117 (2):414–419.

8 Ginés P, Rimola A, Planas R, Vargas V, Marco F, Almela M, et al. 
Norfloxacin  prevents  spontaneous  bacterial  peritonitis  recurrence  in 
cirrhosis:  results  of  a  double‑blind,  placebo‑controlled  trial.  Hepatology 
1990; 12(Pt 1):716–724.

9 Soriano G, Guarner C, Teixidó M, Such J, Barrios J, Enríquez J, 
Vilardell F. Selective intestinal decontamination prevents spontaneous 
bacterial peritonitis. Gastroenterology 1991; 100 (2):477–481.

10 Soriano G, Guarner C, Tomás A, Villanueva C, Torras X, González D, et al. 
Norfloxacin prevents bacterial  infection  in cirrhotics with gastrointestinal 
hemorrhage. Gastroenterology 1992; 103 (4):1267–1272.

11 Walravens PA. Zinc metabolism and its implications in clinical medicine. 
West J Med 1979; 130 (2):133‑142.

12 Stamoulis I, Kouraklis G, Theocharis S. Zinc and the liver: an active 
interaction. Dig Dis Sci 2007; 52 (7):1595–1612.

13 Marchesini G, Fabbri A, Bianchi G, Brizi M, Zoli M. Zinc supplementation 
and amino acid‑nitrogen metabolism in patients with advanced cirrhosis. 
Hepatology 1996; 23 (5):1084–1092.

14 Runyon  BA.  Low‑protein‑concentration  ascitic  fluid  is  predisposed  to 
spontaneous bacterial peritonitis. Gastroenterology 1986; 91 (6):1343–1346.

15 Runyon  BA.  Patients  with  deficient  ascitic  fluid  opsonic  activity  are 
predisposed to spontaneous bacterial peritonitis. Hepatology 1988; 
8 (3):632–635.

16 Ganss B, Jheon A. Zinc finger transcription factors in skeletal development. 
Crit Rev Oral Biol Med 2004; 15 (5):282–297.

17 Prasad AS. Zinc and immunity. Mol Cell Biochem 1998; 188:63–69.

18 Kitamura H, Morikawa H, Kamon H, Iguchi M, Hojyo S, Fukada T, et al. 
Toll‑like  receptor‑mediated  regulation  of  zinc  homeostasis  influences 
dendritic cell function. Nat Immunol 2006; 7 (9):971–977.

19 King LE, Osati‑Ashtiani F, Fraker PJ. Apoptosis plays a distinct role in the 
loss of precursor lymphocytes during zinc deficiency in mice. J Nutr 2002; 
132 (5):974–979.

20 Beck FW, Prasad AS, Kaplan J, Fitzgerald JT, Brewer GJ. Changes in 
cytokine production and T cell subpopulations in experimentally induced 
zinc‑deficient humans. Am J Physiol 1997; 272 (Pt 1):E1002–E1007.

21 Yanagisawa H. Clinical  aspects of  zinc deficiency.  J  Japan Med Assoc 
2002; 127:261–268.

22 Chiba M, Katayama K, Takeda R, Morita R, Iwahashi K, Onishi Y, et al. 
Diuretics  aggravate  zinc  deficiency  in  patients  with  liver  cirrhosis  by 
increasing zinc excretion in urine. Hepatol Res 2013; 43 (4):365–373.

23 Gallagher ML. The nutrients and their metabolism. Krause’s food and 
nutrition therapy 12th ed. St Louis, MO: Saunders Elsevier; 2008. 39–143.

24 Kar K, Bhattyacharya G, De J. Study of zinc in cirrhosis of liver. Ind Med 
Gaz. 2013; 74‑78:75.

25 Runyon  BA,  Canawati  HN,  Akriviadis  EA.  Optimization  of  ascitic  fluid 
culture technique. Gastroenterology 1988; 95 (5):1351–1355.

26 Saito M, Makino T. Estimation of zinc in serum by colorimetric assay. Clin 
Chimica Acta 1998; 120:127–135.

27 Llach J, Rimola A, Navasa M, Ginès P, Salmerón JM, Ginès A, et al. 
Incidence and predictive factors of first episode of spontaneous bacterial 
peritonitis  in  cirrhosis  with  ascites:  relevance  of  ascitic  fluid  protein 
concentration. Hepatology 1992; 16 (3):724–727.

28 Andreu M, Sola R, Sitges‑Serra A, Alia C, Gallen M, Vila MC, et al. Risk 
factors for spontaneous bacterial peritonitis in cirrhotic patients with 
ascites. Gastroenterology 1993; 104 (4):1133–1138.

29 Novella M, Solà R, Soriano G, Andreu M, Gana J, Ortiz J, et al. Continuous 
versus inpatient prophylaxis of the first episode of spontaneous bacterial 
peritonitis with norfloxacin. Hepatology 1997; 25 (3):532–536.

30 Bhuva M, Ganger D, Jensen D. Spontaneous bacterial peritonitis: an 
update on evaluation, management, and prevention. Am J Med 1994; 
97 (2):169–175.

31 Deschênes M, Villeneuve JP. Risk factors for the development of bacterial 
infections in hospitalized patients with cirrhosis. Am J Gastroenterol 1999; 
94 (8):2193–2197.

32 Huang CH, Lin CY, Sheen IS, Chen WT, Lin TN, Ho YP, Chiu CT 
Recurrence of spontaneous bacterial peritonitis in cirrhotic patients 
non‑prophylactically  treated with norfloxacin: serum albumin as an easy 
but reliable predictive factor. Liver Int 2011; 31 (2):184–191.

33 Mohan P, Venkataraman J. Prevalence and risk factors for unsuspected 
spontaneous  ascitic  fluid  infection  in  cirrhotics  undergoing  therapeutic 
paracentesis in an outpatient clinic. Indian J Gastroenterol 2011; 
30 (5):221–224.

34 Bernard B, Grangé JD, Khac EN, Amiot X, Opolon P, Poynard T. Antibiotic 
prophylaxis for the prevention of bacterial infections in cirrhotic patients 
with  gastrointestinal  bleeding:  a  meta‑analysis.  Hepatology  1999; 
29 (6):1655–1661.

35 Jamil S, Ahmed S, Memon A, Masood S, Ali Shah SH, Hamid SS, Wasim 
Jafri SM Factors predicting the recurrence of spontaneous bacterial 
peritonitis in patients with cirrhosis. J Coll Physicians Surg Pak 2011; 
21 (7):407‑410.

36 O’Leary JG, Reddy KR, Wong F, Kamath PS, Patton HM, Biggins SW, 
et al.  North  American  Consortium  for  the  Study  of  End‑Stage  Liver 
Disease Long‑term use of antibiotics and proton pump inhibitors predict 
development of infections in patients with cirrhosis. Clin Gastroenterol 
Hepatol 2015; 13 (4):753–9.e1‑2.

Table 3 Multivariate analysis for significant factors in 
univariate analysis predicting SBP
Variable Odds ratio (95% CI) P value*
PPI

No 1
Yes 3.92 (0.70‑21.67) 0.12
PC 0.97 (0.94‑1.00) 0.08

Zinc
≥60 1
<60 4.73 (1.85‑12.10) 0.001

Ascites protein
>1
≤1 19.89 (7.62‑51.89) <0.0001

CI, confidence interval; PC, platelet count; PPI, proton pump 
inhibitor; SBP, spontaneous bacterial peritonitis. *Adjusted for other 
factors in the tables.



42 Al Azhar Assiut Medical Journal

37 Bavishi C, Dupont HL. Systematic review: the use of proton pump inhibitors 
and increased susceptibility to enteric infection. Aliment Pharmacol Ther 
2011; 34 (11-12):1269–1281.

38 Tennant SM, Hartland EL, Phumoonna T, Lyras D, Rood JI, 
Robins-Browne RM, van Driel IR Influence of gastric acid on susceptibility 
to infection with ingested bacterial pathogens. Infect Immun 2008; 
76 (2):639–645.

39 Lewis SJ, Franco S, Young G, O’Keefe SJ. Altered bowel function and 
duodenal bacterial overgrowth in patients treated with omeprazole. 
Aliment Pharmacol Ther 1996; 10 (4):557–561.

40 Agastya G, West BC, Callahan JM. Omeprazole inhibits phagocytosis 
and acidification of phagolysosomes of normal human neutrophils in vitro. 
Immunopharmacol Immunotoxicol 2000; 22 (2):357–372.

41 Yoshida N, Yoshikawa T, Tanaka Y, Fujita N, Kassai K, Naito Y, 
Kondo M. A new mechanism for anti-inflammatory actions of proton pump 
inhibitors – inhibitory effects on neutrophil-endothelial cell interactions. 
Aliment Pharmacol Ther 2000; 14 (Suppl 1):74–81.

42 Lichtman SM. Bacterial [correction of baterial] translocation in humans. 
J Pediatr Gastroenterol Nutr 2001; 33 (1):1–10.

43 Hopkins AM, McDonnell C, Breslin NP, O’Morain CA, Baird AW. 
Omeprazole increases permeability across isolated rat gastric mucosa 
pre-treated with an acid secretagogue. J Pharm Pharmacol 2002; 

54 (3):341–347.

44 Schwabl P, Bucsics T, Soucek K, Mandorfer M, Bota S, Blacky A, et al. 
Risk factors for development of spontaneous bacterial peritonitis and 
subsequent mortality in cirrhotic patients with ascites. Liver Int 2015; 
35 (9):2121–2128.

45 Chandra RK. Grace A. Goldsmith Award lecture. Trace element regulation 
of immunity and infection. J Am Coll Nutr 1985; 4 (1):5–16.

46 Underwood E. Trace elements in human and animal nutrition 4e. Academic 
Press Inc. (London) Ltd: Elsevier; 2012.

47 Chaturvedi U, Shrivastava R, Upreti R. Viral infections and trace elements: 
a complex interaction. Curr Sci 2004; 87:1536- 54.

48 Gross RL, Osdin N, Fong L, Newberne PM. I. Depressed immunological 
function in zinc-deprived rats as measured by mitogen response 
of spleen, thymus, and peripheral blood. Am J Clin Nutr 1979; 
32 (6):1260–1266.

49 Prasad AS. Zinc, infection and immune function. Nutrition and immune 
function 2002:193.

50 Fischer Walker C, Black RE. Zinc and the risk for infectious disease. Annu 
Rev Nutr 2004; 24:255–275.

51 Wiest R, Lawson M, Geuking M. Pathological bacterial translocation in 
liver cirrhosis. J Hepatol 2014; 60 (1):197–209.


