The immune imbalance in the second hit of pancreatitis is independent of IL-17A
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BACKGROUND: Severe acute pancreatitis (SAP) is characterised by two distinct clinical phases. Organ dysfunction and death is
initially as a result of a systemic inflammatory response syndrome (SIRS). Systemic sepsis from infected pancreatic necrosis
characterises the second phase, the so called 'second hit' of acute pancreatitis (AP). An immune imbalance during the second hit is
postulated to contribute to the formation of the septic complications that occur in these patients. The pro-inflammatory T-helper
(Th) 17 pathway has been shown to be an initiator of early SIRS in AP, however to date its role has not been established in the

second hit in AP.

METHODS: Thirty-six patients with mild (n=16), moderate (n=10) and severe (n=10) acute pancreatitis were enrolled. Peripheral
blood samples were drawn on days 7, 9, 11 and 13 of illness for analysis of routine clinical markers as well as cytokine analysis.

Flow cytometry and a IL-17A ELISA was performed to determine cytokine concentrations.

RESULTS: There were no significant differences between days 7, 9, 11 and 13 for either the mild/moderate or SAP groups for
IL-17A (CBA assay or ELISA), IFN-y, TNF-a, IL-2 or IL-4. For each of the study days, the mean IL-6 and IL-10 concentrations
were significantly higher in the SAP group compared to the mild/moderate group. WCC, CRP and PCT were all significantly

higher in severe acute pancreatitis over the study days.

CONCLUSIONS: An immune imbalance exists in patients with SAP, however secreted IL-17A is not responsible for the second

hit in AP.
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Introduction:

AP is an inflammatory condition of the pancreas, as a result of various aetiologies, that initiate a varied systemic inflammatory
response. The incidence of AP has increased by 43% in recent years occurring in approximately 210 000 patients annually in the
United States of America (1-3). The predominant causes are related to lifestyle, namely excess alcohol consumption and gallstone
disease. According to the World Health Organization, 75% of deaths related to non-communicable diseases occur in low to middle
income countries (4), therefore lifestyle modification has a role to play in curbing the increasing incidence of AP (3). The majority
of cases of AP (80-90%) are mild (1,5) and thus self-limiting, with an associated mortality rate of less than 1% (2,6) as opposed to

severe acute pancreatitis (SAP) which develops in the remainder of cases and is associated with a mortality rate of 10-40% (7,8).

Commonly, there is a bimodal pattern of organ failure in SAP. Within the first week multi-organ failure occurs as a result of the
systemic inflammatory response syndrome (SIRS) (9-11). Organ failure occurring after the first week is usually as a result of
septic complications (10-13) arising from infected pancreatic necrosis. This is known as the ‘second hit’ of SAP. Current clinical
assessments of severity only stratify 60-80% of patients accurately highlighting the deficiency in our understanding of the
pathophysiology of the disease. SAP is defined by the presence of organ failure but not all organ failure carries the same prognosis
(14). Furthermore not all patients with SAP develop septic complications, thus predicting which patients will have a poor clinical

outcome is challenging (15).

The immunology of early AP has been elucidated. Various elements of the T-helper (Th) 1 or pro-inflammatory pathway, namely
Interleukin (IL)-1, IL-2, IL-6, IL-8 and Tumor Necrosis Factor alpha (TNF-a) have been implicated in the severity of pancreatitis,
predicting mortality and/or the development of pancreatic necrosis (16-25). Similarly, the Th2 response or anti-inflammatory
pathway has been investigated through IL-4 and IL-10, and have also been shown to predict severity and/or the development of
pancreatic necrosis (18,25,26). A hypo-inflammatory state, driven by the compensatory anti-inflammatory response syndrome
(CARS), during the second hit has been hypothesised to result in immune paresis (17). This phase is dominated by a Th2
response, with an elevated IL-10 and suppressed TNF-a, IL-1f and IL-6 (27). Immune paresis and subsequent sepsis has not been

investigated in SAP.

The primary function of proinflammatory T-helper 17 (Th17) cells is eradicating excess pathogens not adequately addressed by
Th1 or Th2 cells (28). Secondarily Th17 cells are potent inducers of tissue inflammation (29). IL-17A, IL-17F, IL-21 and IL-22
are pro-inflammatory cytokines produced by Th17 cells (28). Significant co-expression has been demonstrated between IL-17A

and IL-22 (29). IL-23 drives the differentiation and inflammatory functions of Th17 cells (30) and alone cannot differentiate



CD4+ T cell precursors into the Th17 cell lineage (29), IL-6 and TGFp are required for this (27). Determining levels of IL-17A

are thus representative of the Th17 response.

In experimental rat models Ni et al. demonstrated that that IL-17A was substantially raised during the first week of induced AP
(30). Furthermore, it was demonstrated that recombinant IL-17A induces acinar cell necrosis and therefore may induce pancreatic
damage (30). This experimental model, however, did not measure IL-17A during the suspected immune paresis period and no
evaluation of the development of secondary septic complications was made. Similarly, in humans with mild, alcohol related AP,
our unit demonstrated that IL-17A levels where elevated early in the disease process (31). In this study, we hypothesized that not
only does an immune imbalance occurs in SAP, but that during the second hit in SAP, the Th17 response is active. To investigate
this, the relationship of the Th1/Th2 response as well as the Th17 activity during the second hit in mild, moderate and severe AP

was assessed.

Materials and Methods:

Sampling: Ethical approval was obtained from the WITS Human Research Ethics Committee (M160254). Thirty six patients
diagnosed with AP, according to the revised Atlanta Classification (32) were enrolled. Only patients presenting prior to day 7
since the onset of symptoms were considered for inclusion. Patients with severe comorbidities, chronic inflammatory conditions
and malignancy were excluded. Although, moderately severe AP is classified as a discreet subgroup it is associated with a
mortality rate of 2% (33), similar to mild AP <1% (2,6), hence mild and moderate AP patients were combined into one group and
compared to SAP patients. Six healthy participants were recruited as controls. Sample collection took place at Chris Hani
Baragwanath Academic Hospital as well as Wits Donald Gordan Medical Centre between June 2016 and July 2017. Peripheral
blood samples were drawn into EDTA tubes on days 7, 9, 11 and 13 from onset of illness and processed within three hours of
collection. Plasma was aspirated from the rested sample and centrifuged at 2200 rpm for 10mins prior to being stored at -80°C. To
prevent damage of the biomolecules, freeze thawing was avoided and only single use sample aliquots were prepared and used for

the bioassays.

Th1/Th2/Th17 profiling: The Th1/Th2/Th17 Cytometric Bead Array (CBA) assay (BD Biosciences, La Jolla, Ca. USA) was
performed as per manufacturer instructions. In summary, unique antibody-coated beads were utilized to bind to cytokines that
were present in the plasma samples. A specific fluorescence was associated with each bead which was detected by the flow
cytometer allowing for identification of the various cytokines within the plasma sample. A standard assay specific template

provided by BD Biosciences was utilized on a LSRFortessa™ flow cytometer (BD Biosciences La Jolla, Ca. USA) for the



experiment. Acquired data in the form of flow cytometer standard (FCS) files was quantified using Flow Cytometric Analysis
Program™ (FCAP Array™) software (BD Biosciences La Jolla, Ca. USA). Interferon gamma (IFN-y), TNF-a, IL-2, IL-4, IL-6,

IL-10 and IL-17A concentrations were all determined from standard curves.

A confirmatory ELISA for IL-17A was performed using the BioLegend Human IL-17A Max Deluxe Set as per manufacturer’s
instructions. Absorbance values were quantified by using a ThermoFisher Scientific Multiskan™ GO Spectrophotometer plate

reader. The IL-17A concentration for each sample was determined from a standard curve.

Clinical tests: Haematological, biochemistry and point of care assessments of white cell counts (WCC), platelets, C-reactive
protein (CRP), procalcitonin (PCT), albumin, lactate and base excess (BE) were performed on all samples from all study days.
Computerised tomography (CT) scans were performed where the diagnosis of AP was in doubt and on patients suspected to have
developed local complications that may have required further intervention. Local complications, including necrosis, were defined
as per the revised Atlanta Classification (32). Sepsis in this study was defined as either a positive blood culture or retroperitoneal
air associated with a collection seen on abdominal CT scans requiring drainage. Clinical management decisions were not

influenced by the study protocol. Admitting clinicians were not influenced by the study’s researchers.

Statistical Analysis: Fisher’s exact test was used to assess the relationship between categorical clinical variables and the disease
group. APACHE II and SOFA scores were compared between disease groups using the independent samples t-test. Age and
length of hospital stay was compared between the disease groups using the Wilcoxon rank sum test as the assumptions for the

independent samples t-test were not met.

Between-group comparisons of the continuous clinical and study variables were performed. A repeated measures mixed model
with an auto regressive (AR (1)) covariance matrix, with post-hoc comparisons (Tukey Kramer adjustment for multiple
comparisons) between days (within groups) and between groups (within days) were performed to allow for any missing data. A
natural log transformation of the dependent variable was carried out where necessary, to meet the assumptions of the analysis
technique. Where such variables contained values of zero, an amount equal to one half of the next smallest value was added to all

values before performing the transformation. The results were then back-transformed to estimated means.



Sample size detection of a medium effect size (f=0.25) with 80% power at the 5% significance level, assuming a 0.5 correlation
between the repeated measures, required a total sample size of 82 (41 per group). The actual sample size of 36 within this study is

adequate only for the detection of large effect sizes (f=0.38).

Results:

Th1/Th2/Th17 cytokine profile: There were no significant differences in IL-17A levels between days 7, 9, 11 and 13 for either
the mild/moderate or SAP groups using CBA assay or ELISA, nor in the IFN-y, TNF-a, IL-2 or IL-4 using the CBA assay (Figure
I). Furthermore, no significant differences were noted between the specific days for either group. No difference was noted
between the IL-17A levels (both CBA assay and ELISA) in the patients and the controls. For each of the study days, the mean IL-
10 level was significantly higher in the SAP group compared to the mild/moderate group (Figure I). (p =0.0003, <0.0001,
0.0001, 0.0039 for days 7-13 respectively) Furthermore, in the mild/moderate group the mean IL-10 level was significantly higher
on day 7 compared with day 9 (p = 0.0091), however, no difference was detected in the remaining days. The IL-10 level was
significantly higher in the SAP group compared to the control group (p = 0.0003), but not for the mild/moderate group. The mean
IL-6 level was significantly higher in the SAP group compared to the mild/moderate group for all the study days (p = <0.0001 day
7; p=0.0008 day 9; p = 0.002 day 11; p = 0.013 day 13) (Figure I). The mean control IL-6 level was significantly lower than that

of the mild/moderate and SAP groups (p = 0.0001).

Clinical information: Thirty-six patients aged between 22 and 78 years of age with AP were enrolled into the study. Twenty-six
patients had mild/moderate disease and ten patients had severe disease. Six healthy individuals were included as study controls.

An overview of the scoring systems, inflammatory markers and clinical outcomes are shown in Table I.

The mean APACHE II score for patients in the SAP group (17.7+7.7) was significantly higher than that of patients in the
mild/moderate group (6.7; SD=2.9) (p<0.0001). The effect size was large (Cohen’s d=2.4). Similarly, the mean SOFA score for
patients in the SAP group (8.2; SD=4.8) was significantly higher than that of patients in the mild/moderate group (1.7; SD=1.0)

(p<0.0001). The effect size was large (Cohen’s d=2.6).
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Figure I: Flow cytometry and ELISA measurements of cytokine profiles of 36 samples on days 7, 9, 11 and 13 of acute

pancreatitis. The error bars denote the 95% confidence limits for the estimated means.




Table I: Overview of scoring systems, routine inflammatory markers and clinical outcomes by severity group.

Mild/moderate Severe p-value

Acute pancreatitis patients (no.) 26 10
Age (years) 45.5 47.7 0.74
Gender Male 1 1 >0.99

Female 15 6

Biliary 14 4
Cause of Pancreatitis Alcohol 10 4 0.23

ERCP 1 2

Other 1

APACHE II score 6.7 17.7 <0.0001
SOFA score 1.7 8.2 <0.0001
Day 7 8.13 17.70 0.0002
WCC (x 10°/L) Day 9 7.95 19.24 <.0001
(mean)* Day 11 8.41 18.96 0.0001
Day 13 7.48 16.81 0.0001
Day 7 55.99 224.75 0.010
CRP (mg/L) Day 9 38.45 198.80 0.003
(mean)* Day 11 27.62 202.66 0.001
Day 13 15.99 153.26 0.000
Day 7 0.21 10.00 <0.0001
PCT (pg/L) Day 9 0.23 5.65 <0.0001
(mean)* Day 11 0.16 3.71 <0.0001
Day 13 0.16 1.57 0.0004
Day 7 285.92 186.80 0.023
Platelets (x 10°/L) Day 9 330.65 261.04 0.13
(mean)* Day 11 391.34 354.74 0.44
Day 13 391.83 372.20 0.68
Day 7 36.81 22.90 <.0001
Albumin (g/L) Day 9 37.12 23.64 <.0001
(mean)* Day 11 38.33 23.47 <.0001
Day 13 39.56 24.14 <.0001
Antibiotics (%) 31 90 0.0023
CT (%) 16 50 0.020
Local complications (%) 27 80 0.0078
Necrosis (%) 12 50 0.024
Sepsis (%) 0 40 0.026
Death (%) 4 40 0.015
Length of Hospitalisation (days) 12 22 0.16

* Bstimated mean values from the repeated measures ANOVA



For each of the study days, the mean WCC, CRP and PCT were significantly higher in the SAP group compared to the
mild/moderate group (Table I). The CRP level in the mild/moderate group decreased significantly between days 7 and 9, as well,
as between days 11 and 13 (p = <0.001). There were no significant decreases over time in CRP in the SAP group however. The
mean PCT level within the SAP group was significantly lower on day 13 compared to day 7 (p = 0.0174). Only on day 7 of
illness (p = 0.023), was the mean platelet level significantly higher in the mild/moderate group compared to the SAP group. For
each of the study days, the mean albumin level was significantly lower in the SAP group compared to the mild/moderate group (p

= <0.0001). There were no significant differences between the groups for lactate and BE values.

WCC, CRP and PCT in relation to the development of necrosis and sepsis: The mean WCC count was significantly higher in
patients that developed necrosis only on day 9, however, in patients that developed sepsis the mean WCC was significantly
elevated on days 7, 9 and 13 of illness (Table II). On days 7, 9 and 11 the mean CRP level was significantly higher in patients that
developed necrosis compared to patients that had no necrosis, decreasing from day 7-13 both groups. Patients that developed
sepsis had a significantly raised mean CRP on days 11 and 13 of illness compared to the aseptic patients (Table II). The mean
PCT level was significantly higher in patients that developed necrosis and/or sepsis for all the study days (Table II) with a

decreasing trend in the necrosis group from day 7-13.

There was a significant, strong, association between use of antibiotics and disease severity (p = 0.0023; phi coefficient 0.53). The
proportion of patients who received antibiotics in the SAP group (90%) was higher than in the mild/moderate group (31%).
Furthermore, a significant association between the number of CT scans and disease severity (p = 0.020; phi coefficient 0.45)
existed. The proportion of patients who required two or more CT scans in the SAP group (50%) was higher than in the

mild/moderate group (16%).

There was a significant association between the development of local complications and disease severity (p = 0.0078; phi
coefficient 0.48). In the SAP group 80% of patients developed local complications compared with the mild/moderate group
(27%). Furthermore, the development of necrosis was significantly associated with disease severity (p = 0.024; phi coefficient

0.41). Within the SAP group, necrosis occurred in 50% of patients as compared to 12% in the mild/moderate group.



Table II: WCC, CRP and PCT in relation to the development of Necrosis and Sepsis.

Routine Inflammatory markers in relation to the development of Necrosis and Sepsis

No necrosis Necrosis p-value No sepsis | Sepsis | p-value
Day 7 9.48 12.56 0.26 9.37 18.23 0.039
Day 9 9.03 15.15 0.043 9.25 21.09 0.014
WCC (x 10°/L)* 2y
Day 11 9.64 14.17 0.13 9.77 18.51 0.054
Day 13 8.62 12.33 0.16 8.58 18.52 0.021
Day 7 60.68 240.31 0.027 71.89 | 246.38 0.13
42.66 199.14 . 52.11 187.14 0.12
CRP (mg/L)* Day 9 0.015
Day 11 32.96 163.08 0.012 38.92 | 232.21 0.037
Day 13 22.29 77.20 0.051 2290 | 239.01 0.0078
Day 7 0.39 3.16 0.010 0.37 33.23 <.0001
Day 9 0.36 2.55 0.019 0.37 14.24 0.0002
PCT (pg/L)* ar
Day 11 0.27 1.47 0.042 0.25 10.89 0.0002
Day 13 0.20 1.16 0.042 0.18 20.66 <.0001

* LS = Least square
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Septic complications had a strong and significant association with disease severity (p = 0.0036; phi coefficient 0.57). Forty
percent of patients in the SAP group compared to none in the mild/moderate group developed septic complications. Death was
significantly higher in the SAP group (40%) compared to the mild/moderate group (4%) and thus associated with disease severity
(p = 0.015; phi coefficient 0.47). There was no significant difference in the median length of hospital stay between the two disease

groups (p = 0.16).

Discussion:

Th17 cells are potent inducers of tissue inflammation (29) and responsible for clearing excess pathogens not adequately addressed
by Thl or Th2 cells (28). IL-17A, the principal Th17 cytokine, enhances neutrophil recruitment to sites of sepsis thereby
improving bacterial clearance (34). Both animal and human models have demonstrated that IL-17A is raised in early AP (30,31)

and causes pancreatic damage by inducing acinar cell necrosis (30).

We found in this study that the secreted IL-17A levels were not raised in the second hit. This may be due to two factors. Firstly
IL-10 directly suppresses IL-17 in both macrophages and T cells (35). IL-10 was significantly elevated over the entire study
period in the SAP group which reduced the Th17 response. Secondly TGF-p and IL-6 are essential for Th17 cell formation (28).
Galunisertib, a TGF-f receptor I kinase inhibitor, has demonstrated the critical, stimulatory effects of TGF-f in pancreatitis by
limiting the extent of disease in animal models (36). In vivo TGF-f has been shown to stimulate Th17 cells formation via
numerous pathways (37) and levels have been shown to be elevated in early pancreatitis (38), however levels in the second week
of the disease are unknown. In our study despite having a moderate adequate IL-6 response in the SAP group, stimulation of Th17

cells may be inadequate as a result of low levels of TGF-p.

The Th1 and Th2 results of this study demonstrated an immune imbalance confirming the hypothesis that an imbalance exists
between SIRS and CARS in SAP patients leading to potential septic complication (39,40). Previous literature is deficient in
relating this immune imbalance in AP directly to clinical outcomes (17), a limitation that we have address in this study. The Th1
pro-inflammatory response (IL-2, TNF-a and IFN-y) was not elevated in either of the disease groups. These findings are
congruent with phases of AP as by day 7 the initial pro-inflammatory phase driven by SIRS is believed to have ended (10,41-47).
The anti-inflammatory Th2 interleukins (IL-4 and IL-10) shows contradictory results. IL-4 demonstrated no correlation with
disease severity however IL-10 was significantly elevated over the entire study period in the SAP group. IL-4 primarily triggers
the Th2 response; although a positive feedback loop has been described for IL-4 and thus the further development of Th2 cells
(28). The lower than expected levels of IL-4 may be due to the timing of sample collection in that the induction of the Th2

response is largely complete by day 7 of the disease. The significantly elevated IL-10 levels in the SAP group supports



development of immune anergy. IL-6 is recognised to mostly behave as a pro-inflammatory cytokine, however it does have anti-
inflammatory properties (34,48). It is difficult to interpret the significantly elevated level in the SAP group. With the elevated
level and its dual role, IL-6 further strengthens the concept of an immune imbalance. Although we speculate that IL-6’s role
during the second hit in AP is most likely pro-inflammatory. No significant correlation could be detected between the

development of necrosis or sepsis in the measured cytokines.

In this study we determine the concentrations of secreted cytokines within plasma. The majority of publications reporting on
cytokines in AP have used this technique. It is recognised that alternative techniques, such as intra-cellular cytokines
measurements, do exist and add a different dimension. However, it has been demonstrated that the correlation between intra-

cellular and extra-cellular cytokine concentrations determined using flow cytometry is good (49).

Increased intestinal permeability and bacterial translocation that occurs in AP is thought to be fundamental to the formation of
sepsis in pancreatic necrosis. Intestinal permeability has been shown to be is altered early in SAP (50) which is further
compromised by impaired splanchnic perfusion (51), all leading to the development of bacterial translocation (52). IL-17A has
been shown to prevents bacterial translocation from the gut (53), however its specific role in the second hit of AP is undetermined.

Gastrointestinal biopsies were not performed in this study and should be investigated in future studies.

IL-17A levels were initially evaluated by means of flow cytometry, using the Th1/Th2/Th17 CBA assay (BD Biosciences, La
Jolla, Ca. USA). The mean levels for controls as well as patient samples were below the manufacturer’s minimum detection limit
of 18 pg/ml. Hence, a confirmatory ELISA using a BioLegend Human IL-17A Max Deluxe Set was performed. This kit has a

documented minimum detection value of 2 pg/ml. The ELISA test confirmed the CBA flow cytometry based results.

The APACHE II and SOFA scores within this cohort of patients correlates well with disease severity. The scores were performed
on the day of study enrolment, which in the majority of patients was within the first few days of illness. Sharma et al. documented
an APACHE II score of greater than 14 could predict mortality in SAP with a sensitivity of 81% and specificity of 77% (8).
Similarly, a mean SOFA score of 7 was determined to predict mortality in SAP (sensitivity 88% and specificity 86%) (54). The
mean APACHE II and SOFA scores in our SAP group was 17.7 and 8.2 respectively and thus mortality predictions based on these

scoring systems could be applied.
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Death from late septic complications are potentially avoidable with appropriate identification and management (55). WCC, CRP
and PCT are the current inflammatory markers used to identify sepsis, however differentiating inflammation and sepsis is difficult
based on these markers alone (56). In our study, all these routine inflammatory markers where significantly elevated in the SAP
group compared to the mild/moderate group. Interestingly, the CRP level decreased significantly over the study period in the
mild/moderate group, however not so in the SAP group. The PCT level in the mild/moderate group remained normal throughout

the study period, however the level in the SAP group decreased significantly.

Evaluating these routine inflammatory markers in relation to the development of necrosis and sepsis is critically important in
managing the second hit. In our results, WCC proved to be the least sensitive with erratically elevated values. CRP was raised
early in patients that developed necrosis but later in the patients that developed sepsis. PCT proved to be the most sensitive of the
markers as it was consistently elevated in both the patients that developed necrosis as well as sepsis. This suggests that in SAP
PCT is a more accurate measure of necrosis and sepsis. Serial albumin levels in the SAP group were significantly less than those

in the mild/moderate group, a finding consistent with the literature (57).

Eighty percent of the patients in the severe group had local complication whereas only 27% in the mild/moderate group (all
restricted to the moderate group). Assessing the moderately severe pancreatitis group in isolation, 70% of these patients developed
local complications of which sterile necrosis occurred in 30% of these patients. The remaining patients had resolving organ
dysfunction. Both patients in the SAP group that did not develop a local complication recovered fully with no documented
evidence of sepsis. Necrosis developed in 50% of the SAP patients, of which 75% developed sepsis, confirming the association of

necrosis in relation to the development of sepsis.

Sepsis was defined as either a positive blood culture or retroperitoneal air associated with a collection requiring drainage. Our unit
does not perform fine needle aspirations of retroperitoneal collections to determine sepsis as we believe it increases the risk of
developing sepsis. Four patients, all within the SAP group, were septic. Two patients because of systemic sepsis evidenced by
positive blood cultures and two because of septic retroperitoneal collections. All SAP patients, baring one, received antibiotics.
Antibiotics were most often initiated empirically by the treating surgeon/intensivist based on elevated septic markers and/or a
deterioration in organ dysfunction. The use of empiric antibiotics in patients that were not proven to be septic is a confounding
variable that may have influenced both the inflammatory and septic responses in these patients. The SAP patient who did not
received antibiotics, died on day 8 of illness as a result of multi-organ failure. This patient had no evidence of sepsis, hence

antibiotics were withheld.

13



Four patients with SAP died. Two of which occurred within the first week, one in the second week and the remaining patient after
32 days of hospitalisation. One patient in the mild/moderate group died as a result of severe sepsis. An iatrogenic kidney injury
occurred after a percutaneous drain was placed for a symptomatic acute fluid collection. Initially, however, the collection was

sterile.

There was no significant difference in the median length of hospital stay between the two disease groups (p = 0.16). This finding
was unexpected; however, we believe this is because of three reasons. Firstly, the mild and moderate groups were combined for
statistical analysis, thus the length of hospitalization of 12 days in this group is not a true reflection of mild AP. Secondly, it is unit
protocol to perform definitive surgical therapy prior to discharge (i.e. laparoscopic cholecystectomy in the case of biliary
pancreatitis). Delay in definitive treatment because of long elective waiting lists, falsely increased the length of hospitalisation in
several patients within the mild/moderate group. Thirdly, three patients died early in the SAP group, skewing the length of

hospitalisation within this group.

A limitation of the study is that it is underpowered. However, it is powered sufficiently to detect large but not small effects sizes.
For small effect sizes to be observed, a larger sample size of 82 patients is required. A further limitation is that antibiotics were
instituted empirically and their usage may have confounded the development of inflammation and sepsis in certain patients.
However, in severely ill patients such as SAP, antibiotics therapy without proven sepsis, could not ethically be withheld. In six
patients, blood samples could not be obtained on all the required days as a result of either death, refusal of further hospitalisation
and/or discharge with no further follow-up. IL-17A levels have been linked to obesity (55). Considering that body mass indexes

were not recorded, an association between IL-17A, obesity and SAP could not be ascertained.

Our study confirms an immune imbalance exists in patients with SAP which may result in the development of necrosis and/or
sepsis. The Th17 response, measured by IL-17A, is not active during the second hit of AP. PCT is a more sensitive marker of both
necrosis and sepsis in AP. Further studies are required to evaluate the role of TGF-f in the differentiation of the Th17 response in
AP. Furthermore, additional Th17 IL’s, such as IL-17F, IL-21 and IL-22, need to be evaluated to completely exclude the Th17

response during the second hit of AP.

Conclusion:

An immune imbalance exists in patients with SAP, however IL-17A is not responsible for the second hit in AP.

14
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