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THE STATE OF NEUTROPHILIC GRANULOCYTE
INDICES IN PATIENTS WITH ACUTE INFECTED
NECROTIZING PANCREATITIS DEPENDING

ON THE TYPE OF PATHOGEN

The aim of the work was to study the state of polymorphonuclear leukocytes (PMN) in patients with acute infected
necrotizing pancreatitis (AINP) depending on the type of pathogen. Methods. In patients with AINP in the preoperative
period and in patients of the control group, the metabolic activity of blood neutrophils in the SP and ST test with nitro-
blue tetrazolium (NBT), as well as the PR of metabolic activity were determined in the blood. The percentage of active
PMN in the phagocytosis reaction (a percentage of neutrophils involved in phagocytosis) and the number of absorbed
Candida albicans particles on average by one PMN - Phl were studied. Results. Pseudomonas aeruginosa, Escherichia
coli, Enterococcus faecalis, Klebsiella pneumoniae, Acinetobacter baumannii,and Staphylococcus epidermidis were the
most common bacterial pathogens identified in AINP patients. The patients with G(-) microorganisms had a signifi-
cantly increased number of formazan-positive blood PMN in the ST NBT test, as well as PhN of blood PMN compared to
patients with G(+) microorganisms. The metabolic activity and phagocytic index of blood PMN in patients with infected
APN did not differ depending on the monoculture or association with isolated microorganisms. However, patients with a
monoculture of m/o had a significantly increased PMN blood phagocytic index compared to patients with microbial as-
sociations. Conclusions. In patients with acute necrotizing pancreatitis, there are disturbances in the functional activity
of the PMN. The main directions of the disorders are a significant activation of the processes of blood PMN metabolism.
A significantly increased PhN of blood PMN was found in patients with G(-) microorganisms compared to patients with
G(+) microorganisms. It was found that patients with m/o monoculture had a significantly increased PhN of blood PMN
compared to patients with microbial associations.
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Acute pancreatitis (AP) is one of the most com-
mon inflammatory diseases of the digestive sys-
tem, with a tendency to a constant increase in the
proportion of this disease among patients with
acute abdominal surgical pathology. The etio-
pathogenetic mechanisms of acute infected ne-
crotic pancreatitis (AINP) can vary, and they in-
variably trigger an immune response that largely
determines the severity and course of the disease.
In general, AP is associated with a mortality rate
of 1 to 5% due to either an excessive pro-inflam-
matory response or a strong compensatory inhi-
bition of antibacterial defense mechanisms that
lead to a severe necrotic form of infected pancre-
atitis (Glaubitz et al., 2023; Iannuzzi et al., 2022).
Recent data from microbiome studies elucidate
the role of the microbiome in pancreatic diseas-
es. Infection is a significant cause of mortality in
patients with severe acute pancreatitis (SAP). How-
ever, the bacterial range is always evolving (Fan et
al,, 2020). Based on current understanding, bacte-
ria translocate to the enecrotic accumulations from
the small intestine. These findings align with fur-
ther translational experiments demonstrating the
migration of fungi and bacteria into the pancreas
through the upper gastrointestinal tract (Fritz et al.,
2010; Aykut etal., 2019; Pushalkar et al., 2018). Cul-
ture-based analyses revealed that Enterococcus spp.,
coagulase-negative Staphylococcus, and Candi-
da spp. are commonly found in walled-off necrosis
samples obtained by endoscopic puncture and as-
piration (Sahar et al., 2018; Mowbray et al., 2018).
Retrospective analysis concluded that the bacterial
spectrum characteristics of 398 AP patients shows
48,4 % gram-negative bacterial strains, 41,2%
gram-positive bacterial strains, and 10,4% fungal
strains (Fan et al., 2020). A multihospital clinical
study showed that the gut population of Enterococ-
cus was higher and positively correlated with the
serum levels of IL-6 in SAP patients, suggesting
that the increase in Enterococci contributes to the
severity of this disease (Tan et al., 2015).
Neutrophils are an important component
of the innate immune system, mediating both
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defense against pathogens and inflammation
through numerous processes, including phago-
cytosis, release of granular enzymes, oxidative
burst, and neutrophil extracellular trap forma-
tion (Lehman & Segal, 2020).

Increased and sustained activation of neutro-
phils is a major determinant of pancreatic in-
flammation and injury (Wan et al., 2021).

Their huge number, constant production, high
cytotoxicity, and ability to create extracellular traps
underlie their ability to effectively protect the body
from the negative effects of microbial pathogens.
However, neutrophils are much more than im-
mune sentinels, as evidenced by the wide range
of their functions, found in the context of tissue
homeostasis, regeneration, or chronic pathology.

Over more than a century, neutrophils (mi-
crophages) have been recognized as the fastest
and most aggressive immune cells to respond
to infection. They are a large army of non-pro-
liferative cells that are constantly searching for
microbial pathogens, adhere to a strict circadian
regime, live only a few hours, and after contact
with microorganisms must be quickly eliminat-
ed so as not to cause concomitant damage to the
macroorganism. Paradoxically, the mechanisms
that they use to protect the macroorganism and
to further influence other aspects of body func-
tion remain largely unexplored to this day.

The aim of the work is to investigate the
state of polymorphonuclear leukocytes (PMN)
counts in patients with AINP depending on the
type of pathogen.

Materials and Methods. The study is based on
the analysis of the results of the examination of 24
patients with AIPN (purulent-necrotic forms and
pancreatic abscess) in the preoperative period,
who were treated at the National Scientific Cen-
ter of Surgery and Transplantation named after
A.A. Shalimov of the National Academy of Medi-
cal Sciences of Ukraine, and 21 healthy donors.

According to the Declaration of Helsinki, all pa-
tients were informed and gave their consent for the
use of their data (examination results) in the study.
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There were 22 men and 2 women (aged 29 to
65 years) among the patients in the main group,
which structurally corresponds to a higher prev-
alence of purulent complications in male pa-
tients. The control group consisted of 21 healthy
volunteer donors, including 11 men and 10
women (aged 26 to 53 years).

Bacteriological studies of blood and abscess
contents were performed to determine the eti-
ology of purulent-septic complications of AINP.

The phagocytosis study was performed ac-
cording to the method described by K.F. Cher-
nushenko (1985). We evaluated the absorption
activity of PMN: the percentage of active PMN
in the phagocytosis reaction — phagocytic index
(PhI) and the number of absorbed Candida albi-
cans particles on average by one PMN — phago-
cytic number (PhN).

The NBT test reaction was performed accord-
ing to Park et al. (1968) and Bengt Bjorksten
(1974). The metabolic activity of neutrophils in
the spontaneous (SP) and stimulated (ST) tests
with nitroblue tetrazolium (NBT), as well as the
reserve (R) index of metabolic activity, as the
difference in active PMN in the ST NBT and SP
NBT tests, was determined.

The reactions were performed using venous
heparinized blood cells. One drop (0.02 mL) of
blood plasma pre-settled for erythrocyte sedimen-
tation and 0.02 mL of medium 199 was added on
a grease-free glass slide. Then, the NBT solution
was added to the glass slide and gently mixed, and
further incubated at 37 °C for 30 min in a humid
chamber. For the determination of Yeast-stimu-
lated recovery, in addition to the above ingredi-
ents, 0.02 mL suspension of nonviable C. albicans
at a concentration of 1 million m.b./mL obtained
by heating was added to a water bath for 1 hour.

The preparations were air-dried by placing the
glass in the upright position. The bulk of the lig-
uid flowed down on the glass. The glass slides are
fixed with Nikiforov’s mixture and counterstained
with 0.1% neutral red stain for 3 min. The slides
were air-dried, and the percentage of granulocytes
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with intracellular deposits of formazan, NBTposi-
tive cells, were counted by light microscopy.

100 PMNs were counted for examining spon-
taneous NBT-reducing activity and stimulated
(ST) NBT-reducing activity. The phagocytic ac-
tivity of neutrophils was evaluated by two indi-
cators: Phl and PhN.

Statistical processing of the immunological
results of the study was performed using the pa-
rameters of variation statistics — relative values
(p), mean values (x), mean errors of the mean
and relative values (mr and mx), and estimation
of the reliability of differences (P) (“Microsoft
Excel” and “STATISTICA 6” programs by “Stat
SOFT” for working with data in “Windows”). To
compare the quantitative indicators of indepen-
dent groups, in the case of normal distribution,
the Student’s test was used.

Results. The distribution of patients depend-
ing on the isolated pathogens is presented in
Diagram 1.

In the etiopathogenesis of AINP, the following
pathogens were the leading ones: Pseudomonas
aeruginosa, Escherichia coli, Enterococcus faeca-
lis, Klebsiella pneumoniae, Acinetobacter bau-
mannii, and Staphylococcus epidermidis.

The main Gram-negative G(-) bacteria in
AIPN patients were P. aeruginosa (24%), E. coli
(13.33%), K. pneumoniae (10.67%), A. bauman-
nii (13.33%), and Citrobacter freundii (6.67%).
These five G(-) bacteria accounted for 68% of all
bacterial pathogens identified in patients with
AIPN. The main Gram-positive G(+) bacteria
in patients with AIPN were E. faecalis (10.67%),
S. epidermidis (9.33%), E. faecium (4%), and
Staphylococcus aureus (2.67%). The main fun-
gi in patients with AINP were Candida spp
(5.33%). Among the G(-) bacteria, Pseudomo-
nas fluprescesns, Erwinia spp, and Hafnia alvei
are easily detected in patients with AIPN.

The results indicated that there were 11 patients
with G(- ) culture results, 5 patients with G(+)
culture results, and 8 patients with both G(-) and
G(+) microorganisms among the AINP patients.
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Type of pathogen in patients of AIPN B P. aeruginosa 24 %

B E. coli 13.33 %

B E. faecalis 10.67 %

B K. pneumonia 10.67 %

B A. baumannii 9.33 %

B S. epidermidis 9.33 %

B C. freundii 6.67 %

B Candida spp. 5.33 %

I E.faecium 4 %

B S. aureus 2.67 %

B P. fluorescens 1.33 %

W Erwinia spp. 1.33 %
Hafnia alvei 1.33 %

Fig. 1. The distribution of AIPN patients depending on the isolated pathogens

B G(-) culture results 67.99 %
B G(+) culture results 26.67 %
m Candida spp. 5.33 %

Fig. 2. The distribution of culture results in AIPN patients depending on the type of
infectious agent

The distribution of culture results across the Culture-based analyses revealed 67.99 %
AIPN patients depending on G(-) and G(+) | gram-negative bacterial strains, 26.67% gram-
culture results or Candida spp are presented in | positive bacterial strains, and 5.33% fungal

Diagram 2.

strains.
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The results of the study of the metabolic and
phagocytic activities of blood PMN in AINP
patients depending on the type of pathogen,
namely, belonging to G(-) and G(+) microor-
ganisms and with a mixed form of infection, are
presented in Table 1.

Significant changes in the metabolic activity of
blood PMN were found in AINP compared with
donors. AINP patients had a significantly increased
metabolic activity of blood PMN in the SP NBT test
and a significantly decreased PR of blood PMN.

In AINP patients with gram-negative cultures of
microorganisms, a significantly increased PhN of
blood PMN was found compared to the control
group. In AINP patients with gram-positive cultures
of microorganisms, a significantly reduced PhN
PMN of blood was observed compared to healthy
subjects. Comparison of the study results for the
metabolic and phagocytic activities of blood PMN
in patients with G(-) and G(+) microorganisms,
only G(-) microorganisms, and only G(+) micro-
organisms did not reveal any significant differences.

Table 1. Comparison of the metabolic and phagocytic activities of blood neutrophilic granulocytes
of the groups with different bacterial culture results in AINP patients

Group SPNBT,% | STNBT,% PR, % PhI, % PBN,
conventional units.
Donors
n=21 13.6£2.3 63.7£3.0 42.5+4,8 70.7+2.9 3.85+0.22
Patients with G(-)
microorganisms n=11 53.7+5.7 78.5+2.7% 23.8+6.2 56.0 + 3.7 4.62 +0.67*
Patients with G(+)
microorganisms n=5 40.6 £5.2 67.8 +3.7 28.0+7.7 67.3+6.6 2.84+0.25
Patients with G(-) and G(+)
microorganisms n=38 444+ 8.7 71.1 £6.8 26.7+79 65.3+6.8 3.81 £0.99

* — The difference between the number of formazan-positive blood PMN in the ST NBT test and PhN blood PMN
is significant in AINP patients in the group with G(-) microorganisms compared with those in patients with G(+)

microorganisms (P<0.01 — P<0.05).

Table 2. Comparison of the metabolic and phagocytic activity of blood neutrophilic granulocytes
in AINP patients depending on isolated monoculture or association of microorganisms

Group SP NBT, % ST NBT, % PR, % PhI, % P.hN’ .
conventional units.
Donors 13.6+2.3 63.7+3.0 425+ 4.8 70.7 £2.9 3.85+0.22
n=21
Patients with one isolated 49.6 +4.4 752 +2.5 25.1+4.8 61.1+3.7 4.40 +0.77
microorganism
n=8
Patients with association 444+ 8.7 71.1 £6.8 26.7+79 65.0 6.3 2.33+0.33*
of microorganisms
n=16

* — The difference between the PhN of blood PMN in AINP patients is significant in the group with monoculture
compared to those in patients with m/o association (P<0.05).
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Next, we compared the data on the patients
with monoculture and with microbial asso-
ciations of pancreatic infection. Monoculture
was obtained in 33.3% of patients, and mi-
crobial associations in 66.7%. Comparison of
the results of the study of the metabolic and
phagocytic activities of blood PMN in AINP
patients depending on the presence of one iso-
lated pathogen (monoculture) and several de-
tected pathogens (associations) are presented
in Table 2.

The metabolic and phagocytic activity of
blood neutrophil granulocytes in AINP patients
with isolated monoculture and association
of microorganisms were significantly differ-
ent from similar indicators of healthy individu-
als. The metabolic activity and phagocytic index
of blood PMN in AINP patients were not sig-
nificantly different between the two groups —
with monoculture or association of isolated
m/o. However, patients with a monoculture of
m/o had a significantly increased PMN blood
phagocytic index compared with patients with
microbial associations.

Discussion. It is known that the pathogenic-
ity factors of many pathogens disrupt the evo-
lutionarily formed mechanisms of regulation
of the macroorganism’s immune defense (Pak-
bin, Briick & Rossen, 2021; Wang et al., 2021).
We found pathogens in AINP patients , among
which Gram-negative bacteria were the most
prevalent. The pathogens identified by us in
AINP patients are consistent with the classical
concepts of the etiopathogenesis of acute pancre-
atitis (Chengsi Zhao et al., 2023). We compared
the metabolic and phagocytic activity of blood
PMN in AINP patients depending on whether
the pathogen belongs to the Gram-positive or
Gram-negative flora. Patients with isolated G(-)
microorganisms had a significantly increased
number of formazan-positive blood neutrophils
in the ST NBT test and a significantly increased
PhN of blood neutrophils compared to patients
with G(+) microorganisms. A stimulated NBT
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test characterizes the potential ability of the
PMN to respond with a «respiratory explosion»
to adequate irritation. The phagocytic number
reflects the intensity of phagocytosis. Thus, G(-)
microorganisms do not block the production of
oxygen-dependent bactericidal factors and the
absorption activity of PMN compared to G(+)
microorganisms, which is explained by different
molecules and structures that make up the cell
wall of microorganisms and different antigenic-
ity and functions of biological membranes.

Gram-negative bacteria and lipopolysaccha-
ride (LPS) are likely to be more potent triggers
of the innate immune response. Many pathogens
have evolved means to prevent phagocytosis or
to resist its effects on phagocytic cells. (Thi, Wi-
bowo, & Bernd Rehm, 2020). Some pathogens
try to do that by producing substances that ex-
tracellularly intoxicate phagocytes. S. aureus can
secrete various membrane- damaging toxins
that can cause cell lysis and death (Eileen Uribe-
Querol & Carlos Rosales, 2017).

In our studies, it was found that patients with
microorganisms monoculture had a significant-
ly increased PhN of blood PMN compared to
patients with microorganisms association. This
indicates that the bacteria in associations are
able to avoid phagocytizing blood PMN. They
are highly interactive and possess an extraordi-
nary repertoire of intercellular communication
and social behavior, including quorum sensing
(Azimi S, Klementiev, & Whiteley M, Diggle,
2020). Another explanation for the differences
in PhN between the study groups may be the
fact that the phagocytic response is dose-depen-
dent with an increase in the number of bacte-
ria (Skjeflo et al., 2019). The studies by Giuditta
Fiorella Schiavano et al. (2016) revealed an un-
expected level of specificity in the elimination of
bacteria in phagosomes and showed that com-
pletely different mechanisms are required to de-
stroy different types of bacteria.

Conclusions. P, aeruginosa, E. coli, E. faecalis,
K. pneumoniae, A. baumannii,and S.epidermidis
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were the most active bacterial pathogens identi-
fied in patients with AINP.

It was found that AINP patients with G(-)
microorganisms had a significantly increased
number of formazan-positive blood PMN in the
ST NBT test, as well as a significantly increased

G(+) microorganisms. Our study first report-
ed that patients with isolated microorganisms
monoculture have a significantly increased
blood PMN PhN compared to patients with mi-
crobial associations.
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CTAH ITIOKA3HUKIB HEMTPO®IIbHNX I'PAHYJIOLIUTIB
Y XBOPVIX HA TOCTPUI IHOIKOBAHMNM HEKPOTU3YIOUMI [TAHKPEATUT
3AJIEXKHO BIJI TUITY 3bYIHIMKA

Mera pobotu — BMBUNTHU CTaH HoaiMopdHOsgepHux meitkorutis (IIMSJI) y xBopux Ha roctpuit iHpiKoBaHMIT
HekpoTuuHuit mankpearut (I'THIT) sanexxHo Bif tumy 36ygHuka. Meropu. Y nanienris 3 ['THIT y noonepauiitnomy
mepiofi Ta y maljieHTiB KOHTPOJIbHOI TPy BU3HAYAIM METaOOMYHY aKTUBHICTD HEMTPOdiniB KPOBi B CIOHTAH-
HoMmy (Cr) Ta ctumynboBanoMy (Cr) Tectax i3 Hirpocunim teTpasoniem (HCT), a Takoxx mokasuuk pesepsy (IIP)
MeTaboMiYHOI aKTUBHOCTI B KpoBi. BuBuamu Bifcotok aktuBHux [IMAJ] y peaxuii ¢aronyurosy —¢aronurapHuii
inpgexc (PI — BigcoTox HelTpodiniB, 3amydeHNx Ko (HaroluTosy) Ta KiIbKICTh NOIMMHEHUX YacTodok Candida
albicans y cepegubomy opauM IIMAJI — ¢aronurapre uncno — OY. Pesymbratu. Pseudomonas aeruginosa,
Escherichia coli, Enterococcus faecalis, Klebsiella pneumoniae, Acinetobacter baumannii ta Staphylococcus epidermidis
Oynu HamompeHinmmy 6akrepianbHuMy 36ygHUKaMy, BusiBleHuMy B anientis 3 TTHIL. Y mauienTis , siki Manu
I'(-) mikpoopraHismu, 6y/10 BUSB/IEHO 3HAYHO 6i/bIIy KibKicTh popmasan-nosutusHux [IMSJI kposi B C1-HCT-
tecTi, a Takox (OY) IIMSAJI kposi nmopiBHsiHO 3 manientamu 3 I'(+) Mikpoopranismu. MeTabo/iuHa aKTUBHICTb Ta
darorurapumit ingexc [IMSJI xposi B marienTis 3 I'THII He BifpisHsIUCS 3aI€)KHO BiJi MOHOKYIBTYpHU ab0 aco-
niarnii BugineHux Mikpoopranismu. OfHak Hal[ieHTV 3 MOHOKY/IBTYPOIO M/0 Many 3Ha4HO 36imburennit I [IMSAJ
KpOBIi HOPIBHIHO 3 manieHTamMn 3 MiKpoOHUMM acouiarisimu. BucHoBku. Y manientis 3 ['THII crocrepirarorbes
nopyuteHHs QpyHkuioHanpHol aktuBHOCTI [IMAJI. OcHOBHMMU HallpsAMaMM IOPYLIeHb € 3HaYHa aKTUBaLlid IIpo-
necis metabonismy IIMSJT kposi. ¥V mauientis 3 I'(-) Mikpoopranismu 6y1o BusiBieHo 3Ha4HO 30imbuernit OY
IIMAJI xpoBi nopiBHAHO 3 HanienTamu 3 ['(+) Mikpooprarismu. BcTaHOBIIEHO, 1O y MAL[iEHTIB 3 MOHOKY/IBTYPOIO
Mikpooprauismu 6yB sHaqHo 6imbumit PAN ITMSIJT kpoBi TOpiBHAHO 3 MallieHTaMu 3 MIKpOOHMMM acoLiallisaMIL.

Knouosi cnosa: cocmpuii ingixosanuii Hekpomuunuti nankpeamum (I'IHII), noenunanvha axmusHicmo, mema-
boniuna axmuenicmo, epam-Heeamueni I'(-) mikpoopearizmu, epam-nosumueni I'(+) mixpoopearizmu, nonimopgpHo-
a0epHi netikouumu (IIMAI).

ISSN 1028-0987. Microbiological Journal. 2026. (1) 69



