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BLOOD FILM INDEXES IN OFFSPRING WITH PRENATAL 
INFLUENCE OF EXPERIMENTAL MATERNAL CHRONIC 

GENITOURINARY SYSTEM INFLAMMATORY PROCESS CAUSED 
BY PROTEUS MIRABILIS AND STREPTOCOCCUS PYOGENES 

UROISOLATES  
 

Abstract. The risk of complications is associated with the severity of chronic 
inflammatory process in pregnant woman, and affects the health of the child. Kidney 
damage, which is associated with exacerbation of chronic genitourinary system 
inflammatory processes of bacterial etiology during pregnancy, is a common and 
global health problem. 

Aim: The aim was to determine the features of blood film indexes changes in 
offspring with prenatal influence of experimental maternal chronic bacterial 
genitourinary system inflammatory process. 

Materials and methods. The blood serum of WAG rats born from mothers with 
chronic bacterial genitourinary system inflammatory process  was analyzed. The 
results were analyzed using the Software Statistica 7. 

Results It was established that the development of inflammatory process with a  
decrease in eosinophils count and lymphocytes percentage and an increase in 
neutrophils number took place, accompanied by increase in monocytes percentage in 
7-day-old and 1-month-old rats of both experimental groups, in 2-month-old rats the 
monocytes content was decreased, especially in Ib subgroup. Leukocytosis reached its 
maximum severity, especially in 1- and 2-month-old rats of Ia subgroup. The number 
of neutrophils in 7-day-old rats of Ia and Ib subgroups increased by 2.3 times and 1.4 
times, respectively, compared with the control. In 1-month-old rats of Ia subgroup, the 
number of neutrophils was increased by 1.3 times. The difference was that the level of 
segmented neutrophils remained below the control values in 2-month-old rats of Ia 
subgroup and in 1- and 2-month-old rats of Ib subgroup due to the increased rod-shaped 
neutrophils count.  

Conclusions. Analysis of leukograms allows timely detection of the risk of 
kidney pathology in offspring with prenatal influence of experimental maternal chronic 
genitourinary system inflammatory process and can be one of the prognostic criteria 
for the outcome of the pathological process in kidneys.  

Keywords: blood film, offspring, chronic maternal genitourinary system 
inflammatory process.  
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ПОКАЗНИКИ ЗАГАЛЬНОГО АНАЛІЗУ КРОВІ У ПОТОМСТВА, 
ЩО ПІДДАВАЛОСЯ В ПРЕНАТАЛЬНОМУ ПЕРІОДІ ВПЛИВУ 
МАТЕРИНСЬКОГО ХРОНІЧНОГО ЗАПАЛЬНОГО ПРОЦЕСУ 

СЕЧОСТАТЕВОЇ СИСТЕМИ, СПРИЧИНЕНОГО УРОІЗОЛЯТАМИ 
PROTEUS MIRABILIS ТА STREPTOCOCCUS PYOGENES 

 
Анотація. Ризик розвитку ускладнень пов’язаний із тяжкістю перебігу 

хронічного запального процесу у вагітної жінки, та впливає на здоров’я дитини. 
Пошкодження нирок, яке пов'язане із загостренням хронічного запального 
процесу сечостатевої системи бактеріальної етіології під час вагітності, є 
поширеною та глобальною проблемою охорони здоров'я 

Мета. Визначення особливостей змін показників загального аналізу крові 
у потомства, що піддавалося в пренатальному періоді впливу материнського 
хронічного запального процесу сечостатевої системи, спричиненого уроізоля-
тами Proteus mirabilis та Streptococcus pyogenes. 

Матеріали та методи. Проаналізовано сироватку крові щурів лінії WAG, 
народжених від матерів із хронічним бактеріальним запальним процесом 
сечостатевої системи. Обробка результатів за допомогою Software Statistica 7.  

Результати. В результаті проведеного дослідження було встановлено 
розвиток запального процесу з характерним зниженням вмісту еозинофілів та 
відсоткового вмісту лімфоцитів і підвищенням числа нейтрофілів, але 
відзначалися певні особливості. До наявних зрушень приєднується підвищення 
відсоткового вмісту моноцитів у 7-добових та 1-місячних щурів обох дослідних 
груп, у 2-місячних щурів вміст моноцитів знижується, особливо в Іб підгрупі. 
Лейкоцитоз досягає максимальної виразності, особливо у щурів 1-місячних та 2-
місячних Іа підгрупи, у тому числі за рахунок зниження рівня лімфоцитів, зсув 
паличкоядерних нейтрофілів вліво зберігається та посилюється у 2-місячних 
щурів обох дослідних підгруп і зростає швидкість зсідання еритроцитів у всіх 
вікових категоріях щурів Іб підгрупи та 1-місячних щурів Іа підгрупи. Кількість 
нейтрофілів у 7-добових щурів Іа та Іб підгруп збільшувалась у 2,3 рази та 1,4 
рази відповідно порівняно з контролем. У 1-місячних щурів Іа підгрупи кількість 
нейтрофілів була підвищена у 1,3 рази. Відмінністю було те, що рівень 
сегментоядерних нейтрофілів залишався нижче контрольних значень у 2-
місячних щурів Іа підгрупи та у 1-місячних та 2-місячних щурів Іб підгрупи за 
рахунок підвищеного вмісту паличкоядерних нейтрофілів. 

Висновки. 1. Лейкоцитарна реакція у потомства, яке в пренатальному 
періоді піддавалося впливу хронічного материнського запального процесу 
сечостатевої системи, є відображенням пролонгованого системного запального 

https://orcid.org/0000-0003-2226-2944
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процесу як неспецифічної відповіді організму на фактор агресії бактеріальної 
етіології. 2. Аналіз лейкограм дозволяє своєчасно виявити ризик розвитку 
патології нирок у нащадків, які в пренатальному періоді піддавалися впливу 
хронічного материнського запального процесу сечостатевої системи та може 
бути одним з прогностичних критеріїв результату перебігу патологічного 
процесу нирок. 

Ключові слова: загальний аналіз крові, потомство, хронічний запальний 
процес сечостатевої системи у матері. 

 
Problem statement. Exacerbation of chronic genitourinary system 

inflammatory diseases in pregnant women due to physiological adaptive stress for the 
renal system can lead to the occurrence of complications of pre-existing kidney disease 
and the development of renal pathology in fetus. The risk of complications is associated 
with the severity of chronic inflammatory process in pregnant woman, and affects the 
health of the child. Kidney damage, which is associated with exacerbation of chronic 
genitourinary system inflammatory processes of bacterial etiology during pregnancy, 
is a common and global health problem [1].  

Analysis of recent research and publications. The professional data reports [2] that 
although the prevalence of exacerbation of chronic genitourinary system inflammatory 
processes of bacterial etiology in women seems to be relatively low, the consequences 
for the occurrence of complications, both in mother and in fetus, are numerous and can 
be threatening for the fetus and newborn. There is an increased risk of complications 
in the mother and fetus associated with impaired renal function [3]. Currently, experts 
do not have a complete understanding of the causes of fetal kidney damage associated 
with chronic genitourinary system inflammatory process of bacterial etiology in a 
pregnant woman, and there is a shortage of informative characteristics in laboratory 
tests to determine the prognosis of kidney damage in offspring with prenatal influence 
of chronic maternal genitourinary system inflammatory process.  

Early detection of risk factors in development of fetus nephropathology, 
including the features of changes in blood film indexes, is a timely strategy for 
monitoring and preventing the occurrence of kidney pathology in offspring born from 
mothers with exacerbation of chronic genitourinary system inflammatory processes of 
bacterial etiology during pregnancy, which can save the health and life of the child. It 
is important to monitor kidney function in newborns, especially in premature infants, 
in whom nephrogenesis is still ongoing after birth. The kidneys are responsible for 
maintaining homeostasis in the extracellular environment by preventing excessive 
accumulation of waste products and electrolytes. Therefore, understanding the 
pathological physiology of renal damage development with the use of simple 
laboratory tests to monitor the risk of kidney pathology developing in newborns is 
necessary [4].  

The blood film indexes, which reflect the nature of inflammatory process, include 
leukocytes count, leukogram, nuclear shift index and erythrocyte sedimentation rate. 
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In its modern form, blood film, with its competent interpretation, is actually the 
simplest method for assessing the immune state and the nature of inflammatory 
process, in particular with the development of kidney pathology [5]. 

Given the limited number of reports on the prognostic significance of the 
leukocyte reaction in determining the risk of kidney pathology developing in offspring 
exposed to chronic maternal genitourinary system inflammatory process in prenatal 
period, it is necessary to clarify what informational or prognostic role the leukocyte 
formula plays in this regard. No full-fledged studies on this topic were found in the 
available data.  

The results of this study will help to deepen the understanding of risk cause in 
fetus nephropathology developing, provide a basis for kidney damage diagnosing in 
offspring with prenatal influence of maternal chronic genitourinary system 
inflammatory process based on determining the characteristics in changes in the blood 
film indexes. 

Aim. The aim of this study was to determine the features of blood film indexes 
changes in offspring with prenatal influence of experimental maternal chronic 
genitourinary system inflammatory process caused by Proteus mirabilis and 
Streptococcus pyogenes uroisolates. 

Materials and methods. The experimental study was conducted on the basis of 
the Experimental Biological Clinic of the Kharkiv National Medical University on 
female rats of reproductive age of the WAG (Wistar Albino Glaxo) population at the 
age of 8 months and weighing 200 grams. A chronic genitourinary system 
inflammatory process caused by Proteus mirabilis and Streptococcus pyogenes was 
simulated, with subsequent production of 7-day-old, 1- and 2-month-old offspring 
from such females. Two groups were formed in the experiment: Group I - 
experimental, which included Ia subgroup with offspring from mothers with chronic 
genitourinary system inflammatory process during pregnancy caused by Streptococcus 
pyogenes (320 - 7-day-old, 128 - 1-month-old, 64 - 2-month-old) and Ib subgroup with 
offspring from mothers with chronic genitourinary system inflammatory process 
during pregnancy by Proteus mirabilis (320 - 7-day-old, 128 - 1-month-old, 64 - 2-
month-old). Group II was control one included offspring (320 - 7-day-old, 128 - 1-
month-old, 64 - 2-month-old) from mothers with a physiological pregnancy (intact 
animals). The experimental study was conducted in accordance with the "General 
Ethical Principles of Animal Experiments", approved by the III National Congress 
(Kyiv, 2007) and in accordance with the provisions of the "European Convention for 
the Protection of Vertebrate Animals used for Experimental and Other Scientific 
Purposes" (Strasbourg, 1986). The blood serum of WAG rats born from mothers with 
chronic genitourinary system inflammatory process caused by Proteus mirabilis and 
Streptococcus pyogenes uroisolates was used for study. Blood film was carried out in 
the “MED-EKO” laboratory, Kharkiv (license No. 2224 dated 01.10.2020). The results 
were analyzed using the Software Statistica 7 [6]. 
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Presentation of the main material. It was established that the development of 
inflammatory process with a characteristic decrease in eosinophils count, a decrease in 
lymphocytes percentage and an increase in neutrophils number took place, but certain 
features were noted. Thus, the eosinophils count was reduced in all experimental 
groups, except 7-day-old rats of Ia subgroup, where the absolute number of eosinophils 
was increased in 4 times. 

Leukocytosis was mainly due to an increased neutrophils number based on a 
decreased lymphocytes percentage. The shift of leukocyte formula to the left was 
observed. The existing changes were accompanied by increase in monocytes 
percentage in 7-day-old and 1-month-old rats of both experimental groups, in 2-month-
old rats the monocytes content was decreased, especially in Ib subgroup. Leukocytosis 
reached its maximum severity, especially in 1- and 2-month-old rats of Ia subgroup, 
also due to lymphocytes level decrease. The shift of rod-shaped neutrophils to the left 
was persisting and intensified in 2-month-old rats of both experimental groups and 
erythrocyte sedimentation rate increased in all age categories of rats in Ib subgroup and 
1-month-old rats of Ia subgroup (Table 1). 

 
Table 1.  

Dynamics of blood film indexes in offspring with prenatal influence of 
experimental maternal chronic genitourinary system inflammatory process 

caused by Proteus mirabilis and Streptococcus pyogenes (M±m) 

Index 

Іа subgroup 
(S. pyogenes) 

Іb subgroup 
(P. mirabilis) 

 ІІ group  
(control) 

7-day 
old 

1-
month 
old 

2-month 
old 

7-day 
old 

1-
month 
old 

2-month 
old 

7-day 
old 

1-month 
old 

2-
month 
old 

WBC  
(109/L) 

4,2 
±0,6 

4,3 
±0,1 

4,6 
±0,4 

11,7 
±0,8 

13,8 
±0,4 

14,1 
±0,2 

9,1 
±0,4 

11,8 
±0,6 

12,3 
±0,2 

Lymphocytes 
(%) 71±2 73±4 78±3 49±2* 48±3* 58±4 60±5 49±2* 63±3 

Lymphocytes 
(109/L) 

2,47 
±0,1 

2,75 
±0,8 

2,83 
±0,6 

2,02 
±0,2* 

1,82 
±0,4 

2,34 
±0,2* 

2,1 
±0,2* 

0,86 
±0,1* 

1,42 
±0,1* 

Neutrophils 
(%) 25±2 41±4 43±4 26±2 45±4 46±3* 33±2 42±4 46±3 

Neutrophils 
(109/L) 

0,92 
±0,01 

1,35 
±0,2 

1,52 
±0,4 

2,11 
±0,8* 

1,72 
±0,6* 

1,14 
±0,4 

1,29 
±0,6 

0,74 
±0,02* 

0,72 
±0,04* 

Monocytes 
(%) 

3,4 
±0,2 

5,6 
±0,8 8,3 ±0,4 4,1 ±0,2 5,8 

±0,3 5,1 ±0,6 6,2 
±0,4 7,6 ±0,8 3,1 

±0,5 
Monocytes 
(109/L) 

0,12 
±0,06 

0,17 
±0,01 

0,29 
±0,04 

0,47 
±0,06* 

0,22 
±0,04 

0,21 
±0,03 

0,26 
±0,02* 

0,13 
±0,06 

0,07 
±0,002 

Basophils 
(%) 0 0,6 

±0,04 
0,8 

±0,02 0 0,5 
±0,02 

0,7 
±0,01 0 0,3 

±0,01 
0,4 

±0,02 
Basophils 
(109/л) 

0,13 
±0,02 

0,1 
±0,01 0 0 0,1 

±0,01 0 0,1 
±0,01 

0,1 
±0,01 0 

Eosinophils 
(%) 

0,5 
±0,02 

0,4 
±0,06 

1,0 
±0,02 

2,0 
±0,04* 0 1,0 

±0,02 
1,0 

±0,06 
0,3 

±0,04 
1,0 

±0,02 
Eosinophils 
(109/L) 

0,03±0
,001 

0,03±0
,004 

0,04±0,
002 

0,12±0,
03* 0 0,04±0,

006 
0,01±0

,003 
0,01±0,

006 
0,02±0

,004 
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Index 

Іа subgroup 
(S. pyogenes) 

Іb subgroup 
(P. mirabilis) 

 ІІ group  
(control) 

7-day 
old 

1-
month 
old 

2-month 
old 

7-day 
old 

1-
month 
old 

2-month 
old 

7-day 
old 

1-month 
old 

2-
month 
old 

Rod-shaped 
neutrophils,
% 

1,1 
±0,2 

1,2 
±0,6 

1,4 
±0,8 

2,4 
±0,4 

3,1 
±0,8 

4,3 
±0,2 

1,1 
±0,4 

2,6 
±0,2 

3,4 
±0,6 

Segmented 
neutrophils,
% 

24,1 
±1,8 

39,3 
±2,2 

42,4 
±2,6 

15,2 
±1,4* 

44,3 
±2,5* 

35,4 
±2,1 

32,1 
±1,9* 

41,2 
±2,8 

32,4 
±2,1* 

Erythrocyte 
sedimenta-
tion rate 
(mm/hour) 

1,1 
±0,6 

1,1 
±0,8 

1,2 
±0,4 

1,1 
±0,2 

2,2 
±0,9* 

1,1 
±0,2 

2,2 
±0,8* 

2,8 
±0,6* 

2,9 
±0,4* 

Note: *p<0.05 – compared to the control group. 
 
During leukocyte differentiation, it was found that lymphocytes number in all 

laboratory animals of both experimental groups was reduced compared to control 
values. Lymphocytes count in 7-day-old and 1-month-old animals of Ia subgroup and 
1-month-old rats of Ib subgroup was reduced by 1.5 times, in 2-month-old animals of 
Ia subgroup by 1.3 times, in 7-day-old and 2-month-old rats of Ib subgroup by 1.2 
times. The number of basophils in all groups of animals was within control values. 
Neutrophils count in 7-day-old rats of Ia and Ib subgroups increased by 2.3 times and 
1.4 times, respectively, compared to the control. In 1-month-old rats of Ia subgroup, 
neutrophils count increased by 1.3 times. The difference was that the level of 
segmented neutrophils remained below control values in 7-day-old and 2-month-old 
rats of Ia subgroup and in 2-month-old rats of Ib subgroup due to the increased content 
of rod-shaped neutrophils.  

Discussion. It is known that the ratio of formed blood elements has the most 
important diagnostic value in assessing the dynamics of the pathological process, in 
particular kidney pathology. Markers of clinical blood analysis have great prognostic 
significance for assessing the nature of the inflammatory process and its development, 
and an unfavorable outcome. The most significant parameters of peripheral blood are 
the number of leukocytes and leukogram indicators. Experts have proven that 
leukocytosis is one of the early markers of inflammatory reaction in kidneys and is of 
great importance in predicting its outcome [7].  

The informative and prognostic role of leukogram indexes due to the influence 
of chronic maternal genitourinary system inflammation in offspring has not been 
studied sufficiently. As a result of the analysis of leukograms in different age periods, 
the peculiarities of changes in blood film indexes were established, which allows for 
timely detection of negative trends in kidney pathology development in offspring with 
prenatal influence of maternal chronic genitourinary system inflammatory process and 
to assess the risks of complications.  

Thus, as a result of the study, certain features of leukogram changes in offspring 
with prenatal influence of maternal chronic genitourinary system inflammatory process 
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were established. Leukocyte reaction was detected, which reflected the inflammatory 
process in the kidneys of experimental animals. However, the dynamics of leukograms 
differed significantly depending on the etiological factor and age category of offspring 
with prenatal influence of experimental maternal chronic genitourinary system 
inflammatory process. Changes in the leukocyte formula in 1- and 2-month-old rats of 
Ia subgroup and in 2-month-old rats of Ib subgroup indicated an unfavorable prognosis 
for the course of nephropathology, as leukograms had characteristics of developed 
protracted inflammatory process and negative changes in the leukograms took place. 
These give base to assume a further unfavorable course of the pathological process and 
include the absence of an increase in monocytes count in 2-month-old rats of Ia and Ib 
subgroups, lymphocytes, and eosinopenia, except 7-day-old rats of Ia subgroup, which 
did not show a tendency to normalization.  

Conclusions.  
1. Leukocyte reaction in offspring with prenatal influence of experimental 

maternal chronic genitourinary system inflammatory process is a reflection of a 
prolonged systemic inflammatory process as a body nonspecific response to aggression 
factor of bacterial etiology.  

2. Analysis of leukograms allows timely detection of the risk of kidney 
pathology in offspring with prenatal influence of experimental maternal chronic 
genitourinary system inflammatory process and can be one of the prognostic criteria 
for the outcome of the pathological process in kidneys. 
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