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Abstract. The aim of the work is to study the clinical and laboratory features of intestinal infections caused 
by Klebsiella pneumoniae in combination with viruses and other enterobacteria to optimize their diagnosis, 
prognosis and therapy in young children. Patients and methods. In the department of intestinal Infections 
of the Children’s Scientific and Clinical Center for Infectious Diseases of the FMBA of Russia in the period 
2019–2021, 65 young children who were on inpatient treatment for AII caused by K. pneumoniae were 
observed. Depending on the etiological forms of the disease, the patients formed 4 groups: K. pneumoniae 
monoinfection — group “Kp” (n=29); combination of K. pneumoniae with intestinal viruses — group “Kp+V” 
(n=14); combination of K. pneumoniae with opportunistic enterobacteria (OEB)  — group “Kp+OB” (n=14); 
combination of K. pneumoniae with intestinal viruses and OEB — group “Kp+V+OEB” (n=8). Clinical and 
laboratory data were evaluated in all children. The degree of intestinal dysbiosis, in addition to the generally 
accepted criteria, was characterized by the content of atypical E. coli in feces (lg CFU/g). Etiological diagnosis 
of AII was performed using the bacteriological method and polymerase chain reaction. During statistical 
processing, the average values of indicators, the average frequency of deviations of indicators from the 
norm (M±σ; P±σ) were determined, differences in groups were revealed using the t-test and Pearson’s 
criterion χ2; they were considered reliable at p <0.05. Methods of variance and discriminant analysis 
were used. Results. The higher age of children in the groups “Kp+V” and “Kp+V+OEB” was revealed. The 
association of K. pneumoniae with viruses in these groups was accompanied by an increase in the frequency 
of diarrhea (p <0.05). The frequency of thrombocytosis and monocytosis differed in the groups of children 
(p <0.05) and was maximal in the groups “Kp+OEB” and “Kp+V”, respectively. The content of atypical E. coli 
in faeces in the “Kp” group was lower than in the “Kp+OEB” group (p <0.05). The duration of inpatient 
treatment was longer in the “Kp” and “Kp+V+OEB” groups. The discriminant model included the following 
signs: age of children (p=0.0015); complaints of lethargy (p=0.02); complaints of vomiting (p=0.08); platelet 
count in the hemogram (p=0.006); amylorrhea in the coprogram (p=0.0008); stool pH (p=0.12); duration 
inpatient treatment (p=0.004); combination of K. pneumoniae with OEB (p <0.00001). The overall diagnostic 
significance of the model was 89.2%. Conclusion. Using discriminant analysis, it was found that the features 
of clinical and laboratory signs of acute intestinal infections caused by K. pneumoniae in young children 
are more determined by the combination of K. pneumoniae with opportunistic enterobacteria than by the 
combination with viruses.

Key words: intestinal infections; children; early age; Klebsiella pneumoniae; intestinal viruses; opportunistic 
enterobacteria; clinical and laboratory features; diagnostics.
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Резюме. Цель работы — изучить клинико-лабораторные особенности кишечных инфекций, вызванных 
Klebsiella pneumonia, в сочетании с вирусами и другими энтеробактериями для оптимизации их диагности-
ки, прогнозирования и терапии у детей раннего возраста. Пациенты и методы. В отделении кишечных 
инфекций ДНКЦИБ ФМБА России в период 2019–2021 гг. наблюдали 65 детей раннего возраста, находив-
шихся на стационарном лечении по поводу ОКИ, вызванных K. pneumoniae. В зависимости от этиологи-
ческих форм заболевания пациенты образовали 4 группы: моноинфекция K. pneumoniae — группа «Kp» 
(n=29); сочетание K. pneumoniae с кишечными вирусами — группа «Kp+В» (n=14); сочетание K. pneumoniae 
с условно-патогенными бактериями (УПЭ) — группа «Kp+УПЭ» (n=14); сочетание K. pneumoniae с кишечны-
ми вирусами и УПЭ — группа «Kp+В+УПЭ» (n=8). У всех детей оценивали клинико-лабораторные данные. 
Степень дисбиоза кишечника дополнительно к общепринятым критериям характеризовали по содержа-
нию атипичной E. coli в фекалиях (lg КОЕ/г). Этиологическую диагностику ОКИ выполняли при помощи бак-
териологического метода и полимеразной цепной реакции. При статистической обработке определяли 
средние значения показателей, среднюю частоту отклонений показателей от нормы (M±σ; P±σ), выявляли 
различия в группах с помощью t-критерия и критерия χ2 Пирсона; считали их достоверными при p <0,05. 
Использовали методы дисперсионного и дискриминантного анализа. Результаты. Выявлен более высо-
кий возраст детей в группах «Kp+В» и «Kp+В+УПЭ». Ассоциация K. pneumoniae с вирусами в этих группах 
сопровождалась увеличением частоты диареи (p <0,05). Частота тромбоцитоза и моноцитоза отличалась 
в группах детей (p <0,05) и была максимальной в группах «Kp+УПЭ» и «Kp+В» соответственно. Содержа-
ние атипичной E. coli в фекалиях в группе «Kp» было ниже, чем в группе «Kp+УПЭ» (p <0,05). Длительность 
стационарного лечения была больше в группах «Kp» и «Kp+В+УПЭ». В дискриминантную модель вошли 
признаки: возраст детей (p=0,0015); жалобы на вялость (p=0,02); жалобы на рвоту (p=0,08); количество 
тромбоцитов в гемограмме (p=0,006); амилорея в копрограмме (p=0,0008); рН кала (p=0,12); длительность 
стационарного лечения (p=0,004); сочетание K.  pneumoniae с УПЭ (p <0,00001). Общая диагностическая 
значимость модели составила 89,2%. Заключение. С помощью дискриминантного анализа установлено, 
что особенности клинико-лабораторных признаков ОКИ, вызванных K. pneumoniae, у детей раннего воз-
раста в большей степени определяются сочетанием K. pneumoniae с УПЭ, чем сочетанием с вирусами.

Ключевые слова: кишечные инфекции; дети, ранний возраст; Klebsiella pneumoniae; кишечные вирусы; 
 условно-патогенные энтеробактерии; клинико-лабораторные особенности; диагностика.

INTRODUCTION
In the etiological structure of the incidence of 

acute intestinal infections (AIE) in Russian children 
in recent years, the importance of opportunistic 
pathogens has remained signifi cant, among which 

the leading role belongs to Klebsiella pneumoniae 
[1, 2]. Attention to the study of Klebsiella etiology was 
attracted by its severity and tendency to defeat chil-
dren in the early age group. The increase in the inci-
dence of Klebsiella, the similarity of local changes in 
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the gastrointestinal tract with other intestinal infec-
tions makes it important to study this pathology. 
This especially relevant in the appearance of car-
bapenem resistant strains of Klebsiella [3]. 

When the Klebsiella invasion nature of AII is es-
tablished, the disease is more often diagnosed as a 
mono-infection [4, 5]. The majority of hospitalized 
patients with this pathology are young children 
with unformed intestinal microbiota and imma-
ture immune system. Moreover, they have other 
constitutional anomalies, defi ciency conditions, 
feeding disorders, which reduce the non-specifi c 
resistance of the body and predispose to manifes-
tation of AII [6–9]. 

In the study of epidemiology AII described 
combinations of Klebsiella infection with other 
conditionally pathogenic representatives of the 
family Enterobacteriaceae (conditionally patho-
genic enterobacteria — CPE). As well as the com-
bination of CPE with respiratory viruses in young 
children [10]. As concomitant infections increase 
[11], the problem of AIIs remains unresolved since 
AIIs are caused by the combination of conditio-
nally-pathogenic pathogens with intestinal viru-
ses in children [12]. There is a very few information 
on resistance of K. pneumoniae of extra-hospital to 
antibiotics and Bacteriophages that cause intesti-
nal infections young children [13]. The laboratory 
feature of out-of-hospital AII caused by Klebsiella 
and other pathogens of bacterial and viral nature 
remain poorly studied.

AIM
To study clinical and laboratory features of 

acute intestinal infections caused by Klebsiella 
pneumoniae in combination with viruses and 
other enterobacteria to optimize their diagnosis, 
prognosis and treatment in young children. 

MATERIALS AND METHODS
65 children aged from 1 month to 3 years were 

observed in hospital treatment for AII associated 
with K. pneumoniae in the period 2019–2021, in the 
Department of Intestinal Infections of the Children's 
Research and Clinical Center for Infectious Diseases 
of the Federal Medical and Biological Agency of 
Russia. The sampling was based on the diagnosis of 
AII mono- and combined etiology associated with K. 
pneumoniae. Patients formed four groups: “Kp group” 
(n=29) — monoinfection with K. pneumoniae; “Kp+V 
group” (n=14) — combined AII caused by K. pneumo-
niae and intestinal viruses; "Kp+CPE group" (n=14) — 
AII caused by the K. pneumoniae and other CPEs; and 
“Kp+V+CPE” group (n=8) — combined AII caused by 
the K. pneumoniae, intestine viruses and CPE.

The etiological signifi cance of K. pneumoniae 
and CPE in AII genesis was determined when de-
tected in feces. The condition was the detection of 
at least 5 lg CFU/g and the absence of other bac-
terial pathogens in the bacteriological me thod. 
Results of fecal studies by PCR method using the 
set of reagents "AmpliSens® OKI screen-FL", in-
tended for molecular-genetic diagnosis of bacte-
rial (Shigella, Salmonella, Yersinia, Campylobacter, 
Escherichia coli) and viral (Rotavirus, Norovirus, 
Enterovirus, Astrovirus, Adenovirus) pathogens. 
Value determined by serological response in the 
diagnosis of indirect hemagglutination in some 
cases [14]. 

The severity of intestinal dysbiosis was assessed 
indirectly by the excretion of atypical E. coli from 
the feces in a quantity of not less than 5 lg CFU/g. 

There has been performed evaluation of pa-
tients’ complaints (weakness, fever, vomiting, 
diar rhea), medical history (duration of pre-hospi-
tal stage of disease, treatment) and life (food aller-
gies, atopic dermatitis, past illnesses, vaccination 
history), objective status, results of clinical tests 
of blood and urine, biochemical blood tests (ALT, 
C-reactive protein, glucose, urea, electrolytes), 
stool test data. The severity of exicosis in children 
with AII was assessed on the basis of clinical re-
commendations.

K. pneumoniae sensitivity to antibacterial drugs 
(ampicillin/sulbactam, ceftriaxone, gentamicin, 
nalidixic acid, nitrofurantoin, trimetoprim/sul-
famethoxazole) was determined by microdiff usion 
on Muller-Hinton agar using standard ACS strains 
700603. The sensitivity of K. pneumoniae to bac-
teriophages ("Bacteriophage Klebsiella polyvalent 
purifi ed" and "Bacteriaphage Klebsiella pneumo-
niae purifying" JSC "NGO "Mikrogen"", Ufa) was 
studied. The lithium activity of bacteriophages 
was assessed using the "sterile spot" method ac-
cording to MP 3.5.1.0101–15. 

Treatment of children with AII was carried out 
according to clinical recommendations of the 
Ministry of Health of Russia. The results of treat-
ment in diff erent children’s groups were evaluat-
ed. According to the duration of hospitalization 
and outcomes (recovery, improvement).

During statistical processing, the average va-
lues of indicators, the average frequency of devia-
tions of indicators from the norm (M±σ; P±σ) were 
determined, diff erences in groups were revealed 
using the t-test and Pearson’s criterion χ2; they 
were considered reliable at p <0.05. To prove 
the possibility of separating groups of children 
with AII of mono- and combined etiology as-
sociated with K. pneumoniae, the discriminant 
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analysis method was used. By identifying the 
signs of determinants that signifi cantly infl uence 
the assignment of a particular patient to one of 
the four groups, coeffi  cients were calculated for 
the identifi ed signs and subsequent solution of 
discriminant functions.

RESULTS AND DISCUSSION
The gender composition of the children in 

the sample shows a small predominance of boys 
in the group in the “Kp+V” and "Kp+CPE" groups 
(48.3%; 64.3%; 57.1%; 37.5%; χ2=1.82; p=0.61).  
(These groups are presented here and will be list-
ed in the following order: "Kp", "Kp+V", "Kp+CPE", 
"Kp+V+CPE"). The age composition was charac-
terized by a relatively high proportion of children 
of the fi rst year of life in the "Kp" and "Kp+CPE" 
groups (79.3%; 50%; 85.7%; 62.5%; χ2=05.83; 
p=0.12) (Fig. 1), when visiting children's organ-
ized groups, it is normal for children older than 
one year to have more contact with viral infec-
tious agents [15]. A comparison of the median age 
values of children revealed diff erences between 
the “Kp” and “Kp+V” groups (7.4±7.3 and 14.4±9.7 
months; p=0,007) and the “Kp+V” and “Kp+CPE” 
groups (14.4±9.7 and 8.1±5.3 months; p=0.036) 
(Fig. 1).

In children in the grip "Kp+V" rotavirus was de-
tected in 50% of cases, norovirus — in 35.7%, en-

teroviruses — in 7.15%. The combination of rota-
viruses with norovírus  — in 7,15%. In children in 
the group "Kp+V+CPE" rotavirus was detected in 
25% of cases, norovirus — in 50%, adenovirus — 
in 12.5%. In this group the combination of rotavi-
ruses with noroviruses — in 12,5%. 

The frequency of discharge of different CPE in 
stool was at high titers in children in the "Kp+CPE" 
and "Kp+V+CPE" groups decreased in the follow-
ing rows: S. aureus (45,8%); P. mirabilis (20,8%); 
Enterobacter (12,5%); C. freundii (8.3%); H. alvei 
(4.2%); A. baumani (4.2%); P. aeruginosa (4,2%).

At the time of admission at the hospital, the 
majority of the children in all groups had exico-
sis of the 1 degree (65,5%; 78.6%; 57.1%; 62.5%; 
χ2=3.88; p=0.69), exicosis of the 2 degree — 6.9% 
of "Kp" children and 14.3% of the "Kp+CPE". The 
combination of AII with acute respiratory infection 
was diagnosed in children in all groups (37.9%; 
28.6%; 21.4%; 33.3%; χ2=1.42; p=0.70), of which 
10.3%; 14.4%; 7.1%; 12.5% cases (χ2=0.40; p=0.94). 
Febrile seizures were observed in children in the 
groups "Kp", "Kp+V", "Kp+CPE" (3.4%; 7.1%; 7,1%; 
χ2=8.40; p=0.49). Urinary tract infections were dia-
gnosed in a small part of children in all groups 
(6.9%; 7.1%; 7,1%; 12.5%; χ2=8.40; p=0.49). Atopic 
dermatitis was detected in children in the "Kp", 
"Kp+V", "Kp+V+CPE" groups (20.7%; 7.1%; 25%; 
χ2=4.75; p=0.19).

Fig. 1. Average values of the age of children in groups (number of months)
Рис. 1. Средние значения возраста детей в группах (число месяцев) 
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The pre-hospital stage by time was slightly 
greater in children in the "Kp" and "Kp+V" groups 
(4.2±5.7 days; 3.9±7.2 days) compared to those in 
the "Kp+CPE" and "Kp+V+CPE" groups (1.8±2.3 
days; 1.5±2.4 days) (p >0.05) (Fig. 2). Nifuroxazide 
treatment was equally often du ring this period 
in all groups: 6.9%; 14.3%; 7.1%; 25%; χ2=2,51; 
p=0.47; Antibiotic treatment was received by 
13.8% of children in the "Kp" group, 7.1% of those 
in the "Kp+V" group and 7.1% in the "Kp+CPE" 
group (χ2=1.68; p=0.64).

The incidence of diarrhea in the children's 
groups was high: 79.3%; 100%; 71.4%; 100% 
(p1–2 <0.05; p1–4 <0.05) and the incidence of vomi-
ting was lower than 44.8%; 71.04%; 50%; 87.5% 
(χ2=6.0; p=0.099). The incidence of lethargy (24.1%; 
50%, 64.3%, 37.5%) and fever (41.4%; 64.3%; 50%; 
75%) in the children's groups did not diff er signifi -
cantly (χ2=4,0; p=0,27 and χ2=2,92; p=0,40).

Infl ammatory changes in the blood analysis 
were manifested by leukocytosis in children in 
the "Kp" and "Kp+V+CPE" groups (13.8%; 37.5%; 
χ2=11.66; p=0.07), leukopenia in children of the 
"Kp", "Kp+V", "Кp+CPE" groups (20.7%; 14.3%; 
28.6%; χ2=11. 66; p = 0.07), thrombocytosis — fre-
quently in children from the "Kp" and "Kp+CPE" 
groups (37.9%, 21.4%, 57.1%, 7.5%; χ2=12.8; 
p=0.46), monocytosis  — signifi cantly frequently 
among children of "Kp+V" and "Kp+CPE" groups 

(6.9%, 42.9%, 28.6%, 12.5%; χ2=8.61; p=0.34).  
Children in the "Kp" and "Kp+V+CPE" groups expe-
rienced increases in ESR more frequently (20.7%; 
7.1%; 7,1%; 37.5%; χ2=8.42; p=0.21).

Increases in C-reactive protein in the blood 
were frequently in the "Kp", "Kp+V", "Kp+V+CPE" 
groups (20.7%; 21.4%; 7.1%; 37.5%; χ2=3.0; p=0.39).  
An increase in the level of alanine tran saminase — 
an indicator of reactive changes in the liver in AII. 
Increase ALT was slightly more commonly observed 
in the groups "Kp+CPE" and "Kp+V+CPEs" (6.9%; 
7.1%; 21.4%; 50%; χ2=2.3; p=0.51). An increase in 
urea was also found slightly more frequently in the 
group "Kp+CPE", "Kp+V+CPE" (44.8%; 42.9%; 50%: 
50%; 50%, χ2=0.2; p=0.97). Dehydration-related 
elevated potassium blood levels associated with 
electrolyte disorders were a little less common in 
the "Kp" group (3.4%; 14.3%;14.3%; 12.5%; χ2=2.1; 
p=0,55).

There were variations found in the kids' rates 
of decline in the groups' percentage relative urine 
density (44.8±14.4%; 42.9±22.1%; 64.3±16.9%; 
0%; χ2=15.1; p=0.19; p"Kp" –"Kp+V+CPE" <0.01; 
p"Kp +CPE" – "Kp+V+CPEs" <0.01). This was explained by 
the diff erence in the kidney concentrating capac-
ity, since the age of children in groups «Kp» and 
«Kp+CPE» was lower than in the group «Kp+V» and 
"Kp+V+CPE» (Fig. 1). There was a diff erence in the 
frequency of detection of ketones in urine (10.3%; 

Fig. 2. The average duration of the prehospital stage of treatment of children in groups (number of days)
Рис. 2. Средняя длительность догоспитального этапа лечения детей в группах (число дней) 
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28.6%; 7.1%; 37.5%; χ2=19,4; p=0,080). This indi-
cating a more frequent acidosis in children of the 
"Kp+V" and "Kp+V+CPE" groups, in which intesti-
nal infections were involved in the combination 
AII. Elevated leukocyte counts in the urine were 
somewhat more frequently seen in children in the 
"Kp" and "Kp+V+CPE" groups (41.4%; 21.4%;21.4%; 
62.5%; χ2=5.4; p=0.14).

The changes in the stool test were characte-
rized by a relatively more frequent decrease in 
fecal pH in children in the "Kp", "Kp+V", "Kp+CPE" 
groups (69%; 78.6%; 92.9%; 50%; χ2=6.86; p=0.33). 
This due to fermentation dyspepsia with malab-
sorption in the small intestine. In the "Kp" (17.2% 
of cases) and "Kp+CPE" (14.3%) groups, amylor-
rhea was noted, and in 6.9 and 7.1% of cases, re-
spectively, steatorrhea type 2. All child groups 
showed signs of colitis syndrome in stool test with 
high leukocyte detection (58.6%; 28.6%; 35.7%; 
25%; χ2=5.4; p=0.14) and mucus abundance (69%; 
35,7%; 50%; 37.5%; χ2=5.46; p = 0.14).

A high titer of atypical E. coli was observed in the 
overwhelming majority of children in all groups 
(65,5%; 71.4%; 78.6%; 75%; χ2=0.87; p=0.83). In 
the same time the average titer for atypic E. coli 
in the feces in the "Kp" group was lower than in 
the "Kp+CPE" group (4.7±1.9 and 5.8±0.4; t=2.1; 
p <0.05). This confi rmed a more pronounced mic-
robiocenosis disorder in AII caused by the combi-

nation of K. pneumoniae with СPE than in monoin-
fection with K. pneumoniae.

Multiple antibiotic resistance to K. pneumo-
niae (to three or more drugs) was detected only in 
"Kp" (6.9±4.7%) and "Kp+V" (14.3±9.7%) children 
(p >0.05). In all child groups, K. pneumoniae resis-
tance to bacteriophages was noted (48.3%; 21.4%; 
42.3%; 62.5%; χ2=11.3; p=0.51).

The duration of hospital treatment for chil-
dren was maximum in the "Kp" and "Kp+V+CPE" 
groups (5.8±3.2 days; 4.0±1.1 days; 3.7±2.4 days; 
7.3±2.9 days; p"Kp" – "Kp+V"=0.04; p"Kp"–"Kp+CPE"=0.02; 
p"Kp+V" – "Kp + V+CPE"=0.008; p"Kp + CPE"–"Kp+V+CPE"= 0.004) 
(Fig. 3). Most of the kids in the groups were dis-
charged from the hospital "with improvement" 
(75.9%; 85.7%; 100%; 75%; χ2=4.4; p=0.22).

Discriminant analysis was applied considering 
similarities and diff erences of clinical-laboratory 
manifestations in groups. It was used to prove the 
possible separation of AII mono- and combined 
etiology associated with K. pneumoniae. The dis-
criminant model includes the following interrela-
ted signs: children's age (months of life; p=0,0015); 
complaints of lethargy (0 — no, 1 — yes; p=0,02); 
complaints of vomiting (0  — none, 1  — yes, 
p=0,08); platelet count (0 — normal, 1 — lowered, 
2  — elevated; p=0,006); amylorrhea in the stool 
test (0 — not, 1 — yes; P=0,0008); feces pH (0 — 
normal, 1 — decreasing, 2 — increasing; p=0.12); 

Fig. 3. Average duration of inpatient treatment of children in groups (number of days)
Рис. 3. Средняя длительность стационарного лечения детей в группах (число дней) 
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Table 1. Complex of clinical and laboratory signs of discriminant model of diff erential diagnosis of intestinal infections 
associated with K. pneumoniae, codes and coeffi  cients of detected signs

Таблица 1. Комплекс клинико-лабораторных признаков дискриминантной модели дифференциальной диагностики 
ОКИ, ассоциированной с K. Pneumoniae, коды и коэффициенты выявленных признаков

Наименование признаков / 
Name of signs

Коды / 
Codes

Коэффициенты признаков линейных дискриминантных 
функций (ЛДФ) / Feature coeffi  cients of linear discriminant 

functions (LDF)

ЛДФ1 /                     
LDF1

ЛДФ2 /                        
LDF2

ЛДФ3 /                  
LDF3

ЛДФ4 /         
LDF4

Возраст детей / Age of children X1 0,23 0,38 0,69 0,73

Жалобы на вялость / Complaints of lethargy X2 –0,12 2,54 –3,59 –1,93

Жалобы на рвоту / Vomiting complaints X3 3,00 4,08 0,37 3,37

Количество тромбоцитов в крови / 
The number of platelets in the blood

X4 1,77 0,82 5,13 4,17

Амилорея в копрограмме / 
Amylorrhea in the coprogram

X5 3,39 –3,33 3,64 0,42

pН кала / Fecal pH X6 3,47 4,77 –0,09 0,59

Длительность стационарного лечения / 
Duration of inpatient treatment

X7 1,18 0,85 0,68 1,29

Сочетание K. pneumoniae с другими 
условно-патогенными бактериями / 
Combination of K. pneumoniae with other 
opportunistic bacteria

X8 –0,92 –1,10 48,20 43,27

Константа / Constant –8,24 –10,78 –30,95 –32,99

Fig. 4. The position of the objects of the four groups in the coordinates of the fi rst and second canonical LDF
Рис. 4. Положение объектов четырех групп в координатах первой и второй канонических ЛДФ 
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duration of hospital treatment (days; p=0,004); 
combination of K. pneumoniae with other CPE 
(0 — no,1 — yes; p <0,00001).

Decisive diagnostic rules expressed as linear 
discriminatory functions (LDFs): LDF1 (monoinfec-
tion of K. pneumoniae — "Kp"), LDF2 (AII caused by 
K. pneumoniae and intestinal viruses  — "Kp+V"), 
LDF3 (AII caused by K. pneumoniae and other 
CPE — "Kp+CPE"), LDF4 (AII caused by K. pneumo-
niae, intestinal viruses, and CPE  — "Kp+V+CPE").  
Table 1 shows the complex of clinical laboratory 
features aff ecting the patient’s assignment to one 
of the four groups, the codes and coeffi  cients of 
these traits. 

The following formulae were used to carry out 
the LDF decision:
LDF1 = −8,24 + 0,23Х1 – 0,12Х2 + 3,00Х3 + 1,77Х4 + 

+ 3,39Х5 + 3,47Х6 + 1,18Х7 – 0,92Х8,
LDF2 = −10,78 + 0,38Х1 + 2,54Х2 + 4,08Х3 + 0,82Х4 – 

– 3,33Х5 + 4,77Х6 + 0,85Х7 – 1,10Х8, 
LDF3 = −30,95 + 0,69Х1 – 3,59Х2 + 0,37Х3 + 5,14Х4 + 

+ 3,64Х5 – 0,09Х6 + 0,68Х7 + 48,20Х8, 
LDF4 = −32,99 + 0,73Х1 – 1,93Х2 + 3,37Х3 + 4,17Х4 + 

+ 0,42Х5 + 0,59Х6 + 1,29Х7 + 43,27Х8,
where X1–X8 correspond to the numerical values 
of the characteristics. The patient is assigned to 
the group for which LDF will take the maximum 
value.

The model's sensitivity for kids in the "Kp" group 
was 96.6%, 78.6% for the "Kp+V" group, 92.9% for 
the "Kp+CPE" group, and 75%. The model's overall 
diagnostic signifi cance was high — 89.2%. 

The position of the objects of the four groups 
in the coordinates of the fi rst and second canoni-
cal LDFs (with a level of signifi cance of p <0,001) is 
shown in Fig. 4. This fi gure demonstrates that the 
combination of K. pneumoniae with other CPEs, 
rather than the association of K. pneumoniae with 
intestinal viruses. In children under three years of 
age is more determined by the combination of 
K. pneumoniae with other CPE than with intestinal 
viruses. 

The less accurate diagnosis of the discriminato-
ry model for the "Kp+V" and "Kp+V+CPE" groups, 
representing viral-bacterial variants of AII, is due 
to the signifi cant overlap of clinical and laborato-
ry symptoms in children of the groups "Kp" and 
"Kp+V", "Kp + CPE" and "Kp+V+CPE". This shows 
how similar pairs of groups' manifestations of the 
disease were infl uenced by common bacterial 
pathogens. K. pneumoniae was present in groups 
"Kp" and "Kp+V," as well as K. pneumoniae com-
bined with CPE in groups "Kp+V+CPE" and "Kp+V" 
Put another way, variations in the degree of intes-
tinal dysbiosis clearly explained the features and 

severity of clinical and laboratory signs of AII in 
similar pairs of groups.

One article describes intestinal infections that 
are not associated with hypervirulent Klebsiella 
[16]. However, more dangerous by pathogenicity 
factors may appear among the population of com-
munity-acquired Klebsiella. These strains may not 
have sensitivity to phages and antibiotics which 
can cause serious complications. Community-
acquired strains of Klebsiella are among patho-
gens that provoke AII in young children, they do 
not have high pathogenicity and pronounced an-
tibiotic resistance. Community-acquired strains of 
Klebsiella deserve close attention since they are 
commonly combined with other infectious agents, 
including representatives of intestinal microbio-
cenosis. This increasing the likelihood of adverse 
outcome of the disease.

The manifestation of intestinal infections 
caused by K. pneumonia and other CPE in young 
children is associated with an increase in their mi-
crobiotic representation. It is accompanied by dis-
tinct clinical and laboratory manifestations of in-
fl ammatory nature.

CONCLUSION
The conducted study allowed to defi ne the 

features of clinical laboratory signs of mono- 
and combined intestinal infections associated 
with K. pneumoniae in young children. This study 
shows that the nature and severity of these signs 
to a greater extent determines the combination 
of K. pneumoniae with other conditionally-patho-
genic enterobacteria than a combination with in-
testine viruses. Also it confi rms the relationship of 
the symptoms of these intestinal infections with 
the gravity of bowel dysbiosis, which is main sig-
nifi cant in reducing the non-specifi c resistance of 
the organism.
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