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ABSTRACT

Context Sa/monella has been identified as a
causative agent of acute pancreatitis.

Objective We prospectively evaluated the
frequency of acute pancreatitis, pancreatic
enzyme elevation and  morphological
pancreatic abnormalities in patients with
Salmonella infection.

Subjects Thirty consecutive patients with
salmonellosis (Salmonella enterica serovar
Enteritidis: n=25; Salmonella enterica serovar
Typhimurium: n=5) and 30 sex- and age-
matched healthy subjects were studied.

Main outcome measures All subjects
underwent serum amylase and lipase
determination and ultrasonography.

Results None of the subjects developed acute
pancreatitis. Two patients (6.7%) and two
controls showed serum amylase activity
above the upper reference limit whereas, in
five patients (16.7%) and one control subject
(3.3%), the serum lipase activity appeared
above the upper reference limit. Salmonella
infection  significantly increased serum
activity of lipase (P<0.001) while it did not
significantly affect serum amylase levels
(P=0.204). Serum lipase activity was
significantly higher in patients infected by
Salmonella enterica serovar Typhimurium
than in those infected by Salmonella enterica
serovar Enteritidis (P=0.012). Ultrasono-

graphy did not show pancreatic abnormalities
in any of the subjects.

Conclusions Our data demonstrated an
elevation of serum lipase activity in
gastroenteritis due to Salmonella infection,
but this elevation does not seem to have
clinical significance. The elevation of serum
lipase seems to be particularly related to
infection from Salmonella enterica serovar
Typhimurium.

INTRODUCTION

Many case reports [1, 2, 3,4,5,6,7, 8,9, 10,
11] have identified Sa/monella as a causative
agent of acute pancreatitis. Furthermore, two
retrospective studies [12, 13] have reported a
frequency of hyperamylasemia of 50% and a
frequency of clinical pancreatitis ranging
from 28 to 62% in patients with Salmonella
infection. On the basis of these results, the
authors of the two studies concluded that
clinical pancreatitis should be considered a
frequent complication of salmonellosis.
However, up to now, there has been a lack of
prospective studies on pancreatic involvement
during the course of acute pancreatitis due to
Salmonella infection. For this reason, we
sought to prospectively evaluate the
frequency of acute pancreatitis, serum
pancreatic enzyme elevation and
morphological pancreatic abnormalities in
patients with acute gastroenteritis due to
Salmonella infection.
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METHODS
Subjects

Thirty consecutive patients (16 males, 14
females; mean age 27.3 years, range 4-82
years) admitted to the Emergency Room for
acute Salmonella-related gastroenteritis were
enrolled from October 1994 to September
2001. The mean interval between onset of the
symptoms and hospital admission was 1.6
days (range: 1-3 days). None of them had a
previous history of pancreatic, renal, liver or
salivary gland disease. Thirteen patients
(43.3%) were under 14 years of age. One
patient had asymptomatic gallstones, one had
coronary heart disease and one had type 2
diabetes mellitus; none of these patients was
under chronic pharmacological treatment.
Fourteen patients (46.7%) were drinkers (less
than 40 g of pure alcohol per day) and eight
(26.7%) were smokers. Upon admission, the
number of evacuations per day was 7.8+£3.0
(mean+SD; range 5-18). Fecal specimens
collected after natural evacuation at
admission, and again after 24 and 36 hours,
were cultured and analyzed for the presence
of blood, leukocytes and parasites. Salmonella
enterica serovar Enteritidis serotype D1 was
isolated in the fecal specimens of 25 patients
(83.3%), whereas Salmonella enterica serovar
Typhimurium was found in five patients
(16.7%). The time of hospitalization was
5.9£1.8 days (mean+SD; range 3-9).

Thirty healthy subjects recruited from blood
donors, the medical staff and subjects

undergoing routine medical check-ups and
matched for sex and age (£3 years) and time
of enrollment, were studied as controls. None
of them was drinker (P<0.001 vs. patients),
eight (26.7%) were smokers (P=1.000 vs.
patients), and all of them had normal bowel
habits (number of evacuations per day:
1.240.4 mean+SD; range 1-2; P<0.001 vs.
patients). All these subjects were in good
general health, none was taking drugs and
none had any signs of the disease.

Biochemical and Imaging Evaluations

All subjects underwent routine blood and
biochemistry tests: leucocyte count (reference
values  4,800-8,500 ul™h, serum
determination of AST (upper reference value
40 IU/L), ALT (upper reference value 37
IU/L), blood urea nitrogen (upper reference
value 0.45 g/L), creatinine (upper reference
value 1.2 mg/dL), glucose (upper reference
value 120 g/L), potassium (reference values
4.0-5.5 mEg/L) and sodium (reference values
131-145 mEqg/L). The results of these
biochemical parameters are reported in Table
1; no statistically significant differences were
found between patients with acute
gastroenteritis and healthy subjects.

Serum amylase (AMY Amylase, Dade
Behring S.p.A., Milan, Italy, upper reference
value 220 IU/L) and lipase (LIP Lipase, Dade
Behring S.p.A., Milan, Italy, upper reference
value 270 IU/L) activity was determined
within 24 hrs from admission in patients and
after an overnight fasting in healthy subjects.

Table 1.Laboratory parameters in the 30 patients with acute gastroenteritis due to Sa/monella infection and in the 30

healthy subjects. (Mean+SD values and ranges are reported).

Salmonella infection Healthy subjects P value
White blood cell count (uL™") 8,033+3,647 (2,810-18,890) 6,895+1,646 (4,123-9,856) 0.185
AST (IU/L) 25.7£12.9 (12-85) 20.5£7.9 (12-36) 0.071
ALT (IU/L) 20.4£11.2 (10-56) 20.6£8.0 (12-33) 0.484
Blood urea nitrogen (g/L) 0.34+0.22 (0.06-1.21) 0.25+0.10 (0.12-0.50) 0.130
Creatinine (mg/dL) 0.90+0.40 (0.1-2.2) 0.89+0.28 (0.2-1.3) 0.681
Glucose (mg/dL) 1.05+0.35 (0.66-2.21) 0.94£0.13 (0.67-1.23) 0.247
Potassium (mEq/L) 3.92+0.56 (2.7-5.0) 3.99+0.38 (3.3-4.7) 0.531
Sodium (mEq/L) 136.2+4.6 (126-145) 137.6+4.3 (129-145) 0.488
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Ultrasonographic examination was carried out
in all subjects to detect pancreatic
abnormalities.

Definition of Acute Pancreatitis

According to the current criteria [14, 15],
acute pancreatitis was considered to be
present if serum activity of amylase and lipase
was at least five times greater than the upper
reference limits in association with pancreatic
pain and the findings of the imaging
techniques.

ETHICS

The study was approved by the Clinical
Committee of the Emergency Department. All
subjects, and when necessary their relatives,
gave informed consent to participate in the
study. All the patients were managed
according to the practical guidelines
suggested by the World Health Organization
[16].

STATISTICS

Means, standard deviations (SD), ranges, and
frequencies were used as descriptive statistics.
Laboratory parameters, length of
hospitalization, number of evacuations per
day, time interval between onset of symptom
and hospital admission, and frequencies of
abnormal serum pancreatic enzyme activity
were analyzed by means of the Mann-
Whitney, Spearman rank  correlation,
McNemar and Fisher’s exact tests.

The normal distribution of the serum
pancreatic enzymes was tested by means of
the Kolmogorov-Smirnov test and by
evaluating a standardized score of the
skewness. The log-transformed amylase and
lipase values showed a normal distribution. In
order to take into account the paired
experimental protocol, the repeated measure
one-way ANOVA design was used to
estimate the global effects of the Salmonella
infection and to compare the effects of the
two different serotypes. The anti-log
transformation of the parameter estimates,

together with their 95% confidence intervals
(95% CI), were used to measure the fractional
effects of the factors taken into account.

All statistical evaluations were performed by
running the SPSS statistical package (version
8) by using a personal computer. Two-tailed P
values less than 0.05 were considered
statistically significant.

RESULTS

None of the patients studied had pain or other
clinical signs compatible with acute
pancreatitis.

Individual serum activity of amylase and
lipase in the patients with Salmonella
infection and in healthy subjects is shown in
Figure 1. Two patients (6.7%) and two
controls had serum amylase activity above the
upper reference limit (patients: 229 and 272
IU/L; controls: 266 and 333 IU/L), whereas,
in five patients (16.7%) and one control
subject (3.3%), serum lipase activity appeared
above the upper reference limit (patients:
range 273-471 IU/L; control subject: 293
IU/L). A simultaneous increase in serum
amylase and lipase was found in two patients
affected by Salmonella enterica serovar
Typhimurium. The elevation of amylase and
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Figure 1. Individual serum activity of amylase and
lipase in the 30 patients with acute Sa/monella-related
gastroenteritis (circles) and in the 30 healthy subjects
(triangles). Open circles indicate patients with acute
gastroenteritis due to Salmonella enterica serovar
Typhimurium; filled circles indicate the patients with
Salmonella enterica serovar Enteritidis infection.
Horizontal dashed lines indicate the upper reference
limits. Mean+SD values are also reported.
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Table 2.Effects of Salmonella infection and its different serotypes on serum pancreatic enzyme activity.

F value P value Effect (95% CI)
AMYLASE
Salmonella infection 1.69 0.204 0.94 (0.86-1.03)
Serotype 0.90 0.351 1.09 (0.91-1.29)
Interaction: Typhimurium vs. Enteritidis infection 0.13 0.717 1.04 (0.86-1.25)
LIPASE
Salmonella infection 21.03 <0.001 1.32(1.17-1.48)
Serotype 1.00 0.325 1.16 (0.87-1.53)
Interaction: Typhimurium vs. Enteritidis infection 7.17 0.012 1.38 (1.09-1.75)

CI: confidence interval

lipase serum activity in all subjects was
always less than two times the upper
reference limit. The results of statistical
analysis are reported in Table 2. Serum
amylase activity did not show any significant
difference  while  Salmonella  infection
significantly increased serum activity of
lipase (P<0.001); in particular, this increase
was estimated to be 32%. In addition, the
analysis of the interaction showed that the
serum lipase activity was significantly higher
in patients infected by Salmonella enterica
serovar Typhimurium than in those infected
by Salmonella enterica serovar Enteritidis
(P=0.012) and this increase was estimated to
be 38%. No significant relationship was found
between the time interval from onset of
symptoms to hospital admission and serum
pancreatic amylase (P=0.066) and lipase
(P=0.466) activity.

No significant differences were found in the
frequency of abnormal amylase (P=1.000)
and lipase (P=0.219) values between patients
and healthy subjects. The frequencies of
hyperamylasemia and hyperlipasemia were
significantly higher (P=0.023 and P=0.022,
respectively) in patients with Salmonella
enterica serovar Typhimurium (40.0% and
60.0%, respectively) than in those infected by
Salmonella enterica serovar Enteritidis (0%
and 8.0%, respectively). The five patients
with elevated serum amylase and/or lipase
activity had a period of hospitalization
(5.2£1.8 days) not significantly different
(P=0.331) from those with normal serum
activity of amylase and lipase (6.0+1.8 days).

In patients with Salmonella infection, no
significant relationship was found between
the number of evacuations per day and serum
activity of amylase (P=0.462) and lipase
(P=0.658).

Ultrasonography did not show morphological
abnormalities of the pancreatic gland in either
patients or healthy subjects.

DISCUSSION

In this study, we prospectively evaluated the
behavior of serum amylase and lipase in
patients with acute gastroenteritis due to
Salmonella infection. Nevertheless, we found
an elevation of serum lipase activity in
Salmonella  infected  patients;  hyper-
amylasemia and hyperlipasemia  were
recorded only in 6.7% and 16.7% of patients,
respectively. However, none of the patients in
the present study had clinical, biochemical or
morphological alterations compatible with an
acute inflammation of the pancreas, thus
suggesting a low risk of acute pancreatitis in
patients with Salmonella infection. Even if
ultrasonography have a sensitivity lower than
that of other imaging techniques, such as
computed tomography or magnetic resonance,
to detect fine alterations of the pancreatic
gland, it was proved to be able to routinely
visualize edema and necrosis of the pancreas
[17]. In our study it was a logical approach to
choose such a technique since its non-
invasiveness, low costs and ethical aspects. In
fact: i) in our practice, ultrasonography is the
first line imaging technique performed to
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detect pancreatic alterations in acute
pancreatitis patients [15]; i1) the presence of
healthy control subjects was taken into
account. The difference between our results
and those previously reported [12, 13] may be
due to the fact that, in our study, the definition
of pancreatitis was stricter than that applied in
the other above-mentioned studies.

We also found a positive association between
Salmonella enterica serovar Typhimurium
gastroenteritis and serum lipase activity.
Despite the small number of cases studied,
pancreatic hyperenzymemia seems to be of
some clinical relevance only in these patients
(hyperamylasemia: 40%; hyperlipasemia:
60%).

Even if the elevation of serum pancreatic
enzymes in our patients was lower than that
reported by others [12, 13, 18, 19], our data
confirm, in a prospective manner, that
hyperamylasemia and hyperlipasemia can be
found in patients infected by Salmonella. As
in the study of Ben-Horin et al. [19], who
studied patients with acute gastroenteritis due
to various infective agents, in our series the
elevation of serum amylase and lipase activity
was slight and did not exceed a two-fold
elevation of the respective upper reference
limit. For this reason, the elevation of amylase
and lipase serum activity should be
interpreted cautiously. The reason why there
is an elevation of serum pancreatic enzymes
during the course of acute gastroenteritis due
to Salmonella infection could be explained in
several ways. Intestinal inflammation could
lead to an increased permeability which
allows the reabsorption of macromolecules
such as amylase as suggested by Gnadinger et
al. [20]. These authors demonstrated an
increased intestinal permeability for oral >'Cr-
EDTA in two patients with elevated amylase
serum levels in the course of entero-invasive
salmonellosis. We did not test the intestinal
permeability for ethical reasons; however, in
our series, only a low percentage of patients
had an increase in serum amylase and lipase
activity, so this mechanism may be excluded.
Hyperamylasemia and hyperlipasemia could
also be the result of a reduced excretion due
to either impaired renal or liver function [21,

22]; however, none of our patients had
abnormal serum concentrations of blood
nitrogen urea and creatinine; serum levels of
transaminases were also not compatible with
liver involvement.

Furthermore, hyperamylasemia could
represent the effect of direct pancreatic
localization  of  bacteria  through a
haematogenous route during acute
gastroenteritis as suggested by Schmid et al.
[23]. This hypothesis was not confirmed; in
fact, Tositti et al. [18] found that, in those
patients in whom Salmonella spp. was
isolated from blood cultures,
hyperamylasemia was not detected. Finally,
there is also some evidence that Sa/monella
enterica serovar Enteritidis and Salmonella
enterica serovar Typhimurium are present in
bile fluid and gallstone cultures [24, 25]; in
this way, bacteria may directly infect the
pancreas via the biliary duct system [26]. This
may explain, at least in part, the presence of
hyperamylasemia and hyperlipasemia in our
patients infected by Salmonella spp., but the
reason why our patients infected by
Salmonella enterica serovar Typhimurium
had a frequency of hyperenzymemia higher
than those infected by Salmonella enterica
serovar Enteritidis requires further
investigation.

Our study also revealed that the length of
hospitalization was not significantly different
between patients with pancreatic hyper-
enzymemia and those not having this
alteration; this finding is in contrast with
previous data reported by Ben-Horin et al.
[19].

In conclusion, our study demonstrated an
elevation of serum lipase activity in
gastroenteritis due to Salmonella infection,
but this elevation does not seem to have
clinical significance, at least in the
experimental conditions of our study. Most
important, the elevation of serum lipase seems
to be particularly related to the infection due
to Salmonella enterica serovar Typhimurium.

Received May 28" 2003 - Accepted
September 5™, 2003

JOP. Journal of the Pancreas — http://www.joplink.net — Vol. 4, No. 6 — November 2003 204



JOP. J Pancreas (Online) 2003; 4(6):200-206.

Keywords Amylases; Lipase; Pancreatitis,
Acute Necrotizing; Salmonella enterica;
Salmonella enteritidis; Salmonella
typhimurium

Correspondence

Raffaele Pezzilli

Department of Internal Medicine

Sant’Orsola - M. Malpighi Hospital

Via Massarenti, 9

40138 Bologna

Italy

Phone: +39-051-549.653

Fax: +39-051-549.653

E-mail: pezzilli@orsola-malpighi.med.unibo.it

Source data and statistics are available at
www.joplink.net/prev/200311/03 d.html

References

1. Kune GA, Coster D. Typhoid pancreatic abscess.
Med J Aust 1972; 1:417-8. [PMID 5024400]

2. Russell 1J, Forgacs P, Geraci JE. Pancreatitis
complicating typhoid fever. Report of a case. JAMA
1976; 235:753-4. [PMID 946298]

3. Strand CL, Sanders SL. Salmonella typhimurium
pancreatic abscess: report of a case. Am Surg 1978;
44:174-6. [PMID 345903]

4. Gibb AP, Lewin CS, Garden OJ. Development of
quinolone resistance and multiple antibiotic resistance
in Salmonella bovismorbificans in a pancreatic abscess.
J Antimicrob Chemother 1991; 28:318-21. [PMID
1778866]

5. Hamaguchi H, Okabayashi Y, Yoneda R, Ueno H,
Yoon S, Sakaue M, Kasuga M. A case of acute
pancreatitis complicating Salmonella enteritis. Int J
Pancreatol 1999; 26:189-92. [PMID 10732296]

6. Murphy S, Beeching NJ, Rogerson SJ, Harries
AD. Pancreatitis associated with Salmonella enteritis.
Lancet 1991; 338:571. [PMID 1678822]

7. Garg P, Parashar S. Pancreatic abscess due to
Salmonella typhi. Postgrad Med J 1992; 68:294-5.
[PMID 1409199]

8. Andren-Sandberg A, Hojer H. Necrotizing acute
pancreatitis induced by Salmonella infection. Int J
Pancreatol 1994; 15:229-30. [PMID 7930784]

9. Sevastos N, Kolokotronis K, Papatheodoridis GV.
Acute pancreatitis associated with  Salmonella
enteritidis. Am J Gastroenterol 2001; 96:3450-1.
[PMID 11774976]

10. Lambotte O, Debord T, Castagne C, Roue R.
Unusual presentation of typhoid fever: cutaneous
vasculitis, pancreatitis, and splenic abscess. J Infect
2001; 42:161-2. [PMID 11531326]

11. Kadappu KK, Rao PV, Srinivas N, Shastry BA.
Pancreatitis in enteric fever. Indian J Gastroenterol
2002; 21:32-3. [PMID 11871836]

12. Renner F, Nimeth C, Demmelbauer N. High
frequency of concomitant pancreatitis in Salmonella
enteritis. Lancet 1991; 337:1611. [PMID 1675740]

13. Hermans P, Gerard M, van Laethem Y, de Wit S,
Clumeck N. Pancreatic disturbances and typhoid fever.
Scand J Infect Dis 1991; 23:201-5. [PMID 1712981]

14. Bradley EL 3rd. A clinically based classification
system for acute pancreatitis. Summary of the
International Symposium on Acute Pancreatitis,
Atlanta, Ga, September 11 through 13, 1992. Arch
Surg 1993; 128:586-90. [PMID 8489394]

15. Uomo G, Pezzilli R, Cavallini G. Management of
acute pancreatitis in clinical practice. Prolnf - A.L.S.P.
Study Group. Ital J Gastroenterol Hepatol 1999;
31:635-42. [PMID 10604108]

16. The management and prevention of acute
diarrhoea: practical guidelines. 3rd ed. Geneva,
Switzerland: World Health Organization, 1993.

17. Merkle EM, Gorich J. Imaging of acute
pancreatitis. Eur Radiol 2002; 12:1979-92. [PMID
12136316]

18. Tositti G, Fabris P, Barnes E, Furlan F, Franzetti
M, Stecca C, et al. Pancreatic hyperamylasemia during
acute gastroenteritis: incidence and clinical relevance.
BMC Infect Dis 2001; 1:18. [PMID 11667952]

19. Ben-Horin S, Farfel Z, Mouallem M.
Gastroenteritis-associated hyperamylasemia:
prevalence and clinical significance. Arch Intern Med
2002; 162:689-92. [PMID 11911723]

20. Gnadinger MP, Eigenmann F, Bekier A, Galeazzi
RL. Pseudopancreatitis in entero-invasive
salmonellosis. Schweiz Med Wochenschr 1993;
123:1482-6. [PMID 7690154]

21. Ventrucci M, Campieri C, Di Stefano M,
Ubalducci GM, Li Bassi S, Di Grazia A, Giudicissi A,
Festi D. Alterations of exocrine pancreas in end-stage
renal disease. Do they reflect a clinically relevant
uremic pancreopathy? Dig Dis Sci 1995; 40:2576-81.
[PMID 8536515]

22. Pezzilli R, Andreone P, Morselli-Labate AM,
Sama C, Billi P, Cursaro C, et al. Serum pancreatic
enzyme concentrations in chronic viral liver diseases.
Dig Dis Sci 1999; 44:350-5. [PMID 10063922]

23. Schmid SW, Uhl W, Friess H, Malfertheiner P,
Buchler MW. The role of infection in acute
pancreatitis. Gut 1999; 45:311-6. [PMID 10403749]

JOP. Journal of the Pancreas — http://www.joplink.net — Vol. 4, No. 6 — November 2003 205



JOP. J Pancreas (Online) 2003; 4(6):200-206.

24. McCarron B, Love WC. Acalculous nontyphoidal
salmonellal cholecystitis requiring surgical intervention
despite ciprofloxacin therapy: report of three cases.
Clin Infect Dis 1997; 24:707-9. [PMID 9145746]

25. Lai CW, Chan RC, Cheng AF, Sung JY, Leung
JW. Common bile duct stones: a cause of chronic

salmonellosis. Am J Gastroenterol 1992; 87:1198-9.
[PMID 1519582]

26. Arendt T. Bile-induced acute pancreatitis in cats.
Roles of bile, bacteria, and pancreatic duct pressure.
Dig Dis Sci 1993; 38:39-44. [PMID 8420758]

JOP. Journal of the Pancreas — http://www.joplink.net — Vol. 4, No. 6 — November 2003 206



