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DYNAMICS OF WBC INDICES IN POULTRY                     
FOLLOWING ENROFLOXACIN ADMINISTRATION: 

COMPARATIVE ANALYSIS
A.A. Moiseeva, A.A. Prisnyi, V.N. Skvortsov 

The goal of our research was to assess the effect of Enrofloxacin (fluoroquinolone 
antibacterial drug) on WBC indices of different kinds of poultry at young age. In order 
to study the dynamics we performed two series of experiments employing groups 
as follows: Group 1 – control group (one-day-old chicks, receiving pure drinking 
water), Group 2 – experimental group (one-day-old chicks, receiving Enrofloxacin via 
drinking water at concentration 200 g/L for 10 consecutive days), Groups 3 and 4 were 
made with one-day-old ducklings, the experiment design was the same as with chicks. 
Blood samples were drawn from every bird on Day 1, Day 3, Day 5, Day 7 and Day 9 
after the drug withdrawal. We performed differential leukocyte count, leukogram was 
made and we also calculated leukocyte (hematological) indices. The data analysis 
showed reliable changes of blood indices both in chicks and in ducklings. The greatest 
changes in the results of both experimental groups as compared to the control groups 
were observed on Day 7, but they were not lasting. We observed more pronounced and 
lasting changes in the leukogram of Group 2, while duckling blood showed reliable 
changes of leukocyte indices. But all in all dynamics in WBC indices that we observed 
did not show toxic effect of the drug on bird organism.
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СРАВНИТЕЛЬНЫЙ АНАЛИЗ                                  
ИЗМЕНЕНИЯ ПОКАЗАТЕЛЕЙ БЕЛОЙ КРОВИ                                                                                                     

У ПТИЦ РАЗНЫХ ВИДОВ ПОСЛЕ 
ИСПОЛЬЗОВАНИЯ ЭНРОФЛОКСАЦИНА

А.А. Моисеева, А.А. Присный, В.Н. Скворцов

Исследование проведено с целью оценки воздействия химиотерапевти-
ческого антибактериального препарата группы фторхинолонов энрофлок-
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сацина на показатели белой крови у птиц раннего возраста разных видов. 
Для изучения динамики проведено две серии опытов, в которых были задей-
ствованы следующие группы: 1 – контроль (цыплята суточного, возраста 
получавшие чистую воду), 2 – опыт (цыплята суточного возраста получа-
ли с водой энрофлоксацин в дозе 200 мг/л в течение 10 дней), группы 3 и 4 
сформированы из утят суточного возраста, схема опыта аналогична ранее 
описанной. Отбор образцов крови у всех подопытных птиц проводили на 1, 3, 
5, 7 и 9 сутки после отмены препарата. Осуществляли дифференциальный 
подсчет лейкоцитов, лейкоцитарной формулы и лейкоцитарных индексов. 
Анализ полученных данных выявил достоверные сдвиги показателей, как в 
крови опытных цыплят, так и утят. Наибольшие отклонения результатов, 
полученных во всех опытных группах относительно контрольных значений, 
выявлены на седьмые сутки, что, тем не менее, не было продолжительным 
явлением. В группе 2 обнаружены более выраженные и длительные измене-
ния данных лейкоцитарной формулы, в свою очередь в крови утят выявлены 
достоверные отличия лейкоцитарных индексов. Однако, в целом, зафикси-
рованная динамика в показателях белой крови не отражала токсического 
воздействия препарата на организм птиц.
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Introduction
Fluoroquinolones (FQs) are a class of antibacterial drugs, designed for che-

motherapy, very special in that this class of drugs frequently expands due to 
invention of new members [1]. Fluoroquinolones are used for treating humans 
for infections [2, 3], but nowadays they are also commonly used in veterinary 
medicine [4, 5, 6]. This class of antimicrobials is especially popular for therapy 
of respiratory and gastrointestinal infections in poultry [7].

Fluoroquinolone drugs differ from other antibacterial drugs by their unique 
double mechanism of action and also good pharmacokinetic qualities [8, 9]. 
Their method of killing pathogenic microorganisms is concentration dependent 
and optimal therapeutic effect is achieved when high doses of fluoroquinolones 
are introduced into organism within a short period of time. Such dose-depen-
dent action is associated with relatively long postantibiotic effect, character-
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istic of this class of drugs, which presents an important advantage over other 
antimicrobials [10].

Fluoroquinolones are employed in poultry farming due to their broad-spec-
trum activity against both Gram-positive and Gram-negative pathogenic micro-
organisms such as Salmonella typhimurium, Campylobacter jejuni, Escherichia 
coli, affecting poultry at young age and old age alike [11]. There is of course a 
clash of opinions on what antibacterial drugs to use in poultry farms but apart 
from fluoroquinolones there are no other highly effective prophylactic and ther-
apeutic agents regarding a number of bacterial infections. It was proven sta-
tistically that almost half of all mortalities in commercial poultry population 
occur in the first 24 hours of their lives and over 50% of poultry population die 
in massive outbreaks of microbial infections, first of all Escherichia coli [12, 
13, 14]. Besides there are other dangerous intestinal pathogenic bacteria, for 
instance Salmonella enterica, capable of evading the immune response and rep-
licating in host cells, resulting in systemic infections [15]. In order to contain 
microbial infections among poultry population veterinary personnel employs 
Enrofloxacin since it was designed exclusively for veterinary use, mainly for 
commercial poultry industry [16, 17].

Enrofloxacin is an antibacterial chemotherapeutic medicinal drug with 
broad-spectrum activity, used for therapy of respiratory tract and intestinal tract 
infections in poultry [18]. The drug is known to inhibit DNA gyrase in bacterial 
cells, it boasts increased activity against mycoplasma, Gram-positive bacteria 
and Gram-negative bacteria [19]. Enrofloxacin is capable of penetrating into and 
accumulating in phagocytic cells, which is very important in managing systemic 
infections, such as the above-mentioned salmonellosis [20].

Despite well-known antibacterial properties of Enrofloxacin and its preva-
lence in veterinary medicine, associated with such properties, some physiolog-
ical aspects of its effect on organism of different kinds of poultry at different 
ages still remain little known. For instance there are few reports on the effect 
of Enrofloxacin on WBC indices of chickens and ducklings. That is the reason 
why we address this very problem.

Materials and Methods
In the course of our research we performed two series of experiments em-

ploying chickens and ducklings, in accordance with the method of analogous 
groups. The first series included studies of blood indices in one-day-old Hisex 
Brown chicks, allocated in two groups: control group (Group 1) received pure 
drinking water and experimental group (Group 2) received Enrofloxacin via 
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drinking water at concentration 200 g/L for 10 consecutive days. The dosage of 
200 mg/L that we applied in our research was chosen in accordance with prac-
tical policies of Russian Academy of Science. The experiments in the second 
series followed the same experiment design: one-day-old ducklings of breed 
Bashkir were allocated in two groups: Group 3 was assigned as control group 
and Group 4 was assigned as the experimental group. 

Blood samples were collected by cardiac puncture on Day 1, Day 3, Day 5, 
Day 7 and Day 9 after the withdrawal of Enrofloxacin.

The studies of WBC indices included leukocyte count (computation in Go-
ryaev’s chamber), count of different white blood cell types (eosinophils, baso-
phils, pseudoeosinophils, monocytes and lymphocytes) in blood smear, stained 
by Romanovskiy-Giemza stain, and also calculation of leukocytic (hematolog-
ical) indices by applying computational method with the following formulae:

Krebs Index (KI):

PE, pseudoeosinophils (%); L, lymphocytes (%).
Leukocyte Index (LI):

PE, pseudoeosinophils (%); L, lymphocytes (%).
Index of Immunoreactivity (IIR):

L, lymphocytes (%); М, monocytes (%); E, eosinophils (%).
Leukocyte Index of Intoxication (LII):

PE, pseudoeosinophils (%); B, basophils (%); E, eosinophils (%);                                
L, lymphocytes (%); М, monocytes (%).

The statistical analysis of the digital data was performed using SPSS Sta-
tistic 17.0 software, reliability of the results was checked with the help of 
Mann-Whitney nonparametric test.

Result and Discussion
Evaluation of hematological profile in poultry serves as an indicator of phys-

iological and pathophysiological state. Moreover it may serve as a unique tool 
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for monitoring the effect of various drugs on organism and detection of their 
yet unknown effects [21, 22].

There have been reported a few cases, after fluoroquinolone administration 
in mammals, of adverse hematologic reactions, such as erythrocytosis or leu-
kopenia. Then there are reports of fluoroquinolones’ detrimental effect on vital 
organs [23], which is manifested in changes of hematological indices. Never-
theless the results we registered in our research show the absence of significant 
toxic effect of Enrofloxacin on organism of birds. We only observed a singular 
increase by 16% in leukocyte count in chicken blood on Day 3 after the drug 
withdrawal. 

Remarkably the changes in leukogram were more pronounced in Group 2 
(Table 1, 2). Thus reliable increases in the absolute count of basophils in chicken 
blood were observed on Day 3, Day 5, Day 7 and Day 9 (by 45 %, 30 %, 67 % 
and 52 % respectively), while in duckling blood the absolute count of basophils 
decreased, once only, by 38% on Day 3.

Table 1.
Dynamics of monocytes, lymphocytes and eosinophils indices in chickens

Cells Groups
Days

1 3 5 7 9

monocytes, %
1 3,8±0,48 3,3±0,56 1,5±0,22 1,7±0,33 2,5±0,22
2 1,7±0,33** 2,8 ±0,31 2,3±0,33 3,3±0,33* 3,1±0,48

monocytes, 109·L-1 1 0,88±0,12 0,55±0,09 0,32±0,06 0,38±0,09 0,57±0,08
2 0,32±0,06** 0,56±0,06 0,54±0,09 0,67±0,09* 0,69±0,14

lymphocytes, %
1 40,5±3,73 40,3±0,92 50,2±1,89 48,7±2,04 51,2±1,17
2 41,7±2,36 44,0±2,05 45,8±2,06 38,8±2,24** 44,2±2,39

lymphocytes, 109·L-1 1 9,26±1,12 6,75±0,45 10,7±0,74 11,0±0,53 11,4±0,62
2 7,99±0,55 0,73±0,41* 10,6±0,96 7,58±0,52** 9,52±1,02

eosinophils, %
1 10,1±1,15 17,0±2,44 7,0±0,68 8,5±0,76 9,8±1,25
2 11,2±1,08 10,7±1,49 9,0±0,45* 12,2±0,95* 20,0±3,62*

eosinophils,
109·L-1

1 2,27±0,29 2,92±0,55 1,52±0,22 1,93±0,19 2,20±0,33
2 2,13±0,18 2,13±0,33 2,09±0,19 2,43±0,31 4,18±0,72

**p<0,01 (Mann‒Whitney U-test).
*p<0,05 (Mann‒Whitney U-test).

We also registered a dynamic increase in relative count (percentage) of ba-
sophils in chicken blood in Group 2, there was no similar increase in duckling 
blood in the experimental group. It is probable that such an increase was caused 
by a certain allergic reaction, passing in chicken organism. That could be proven 
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by significant eosinophilia in Group 2 on Day 5 (22 %), Days 7 and 9 (over 50 
%). The presence of high amounts of histamine in basophils is the evidence that 
basophils are as much involved in allergic reactions as eosinophils and there 
is functional interdependence between these 2 kinds of granulocytes, causing 
their counts to increase simultaneously.

Table 2.
Dynamics of pseudoeosinophils and basophils indices in chickens

Cells Groups Days
1 3 5 7 9

pseudoeosinophils, %
1 38,3±2,82 36,3±2,59 38,2±2,25 39,1±2,19 34,7±1,28
2 37,2±2,61 38,0±1,81 36,7±1,94 38,7±2,17 28,7±2,32

pseudoeosinophils, 
109·L-1

1 8,64±0,71 5,99±0,29 8,14±0,52 8,89±0,65 7,74±0,48
2 7,18±0,71 7,69±0,75 8,34±0,27 7,61±0,66 6,08±0,51*

basophils, %
1 7,3±1,21 3,1±0,45 3,0±0,36 2,0±0,26 1,8±0,31
2 8,2±0,71 4,5±0,43 6,2±0,61** 7,0±0,52** 4,0±0,36**

basophils, 109·L-1 1 1,65±0,26 1,65±0,26 0,64±0,08 0,45±0,06 0,41±0,07
2 1,58±0,08 1,58±0,08 1,39±0,09** 1,38±0,16** 0,86±0,11**

**p<0,01 (Mann‒Whitney U-test).
*p<0,05 (Mann‒Whitney U-test).

Eosinophilia may also be a response of organism to certain drug compo-
nents, acting as antigens. Evidently such reaction was observed in ducklings in 
experimental group and it explains the ambiguous undulating change of relative 
count (percentage) of eosinophils in duckling blood (Table 3, 4).

Table 3.
Dynamics of monocytes and lymphocytes indices in ducklings

Cells Groups
Days

1 3 5 7 9

monocytes, %
3 2,0±0,36 1,3±0,21 1,0±0,00 1,5±0,34 1,1±0,17
4 1,1±0,17 1,3±0,21 1,8±0,41 1,2±0,17 1,2±0,17

monocytes, 109·L-1 3 0,38±0,05 0,26±0,05 0,24±0,01 0,37±0,09 0,29±0,04
4 0,21±0,03* 0,29±0,06 0,39±0,09 0,31±0,03 0,32±0,04

lymphocytes, %
3 33,5±3,77 42,3±2,31 33,7±3,07 53,8±6,44 29,8±1,94
4 36,2±2,98 32,8±1,14** 37,3±0,88 29,0±3,04** 31,3±2,76

lymphocytes, 109·L-1 3 6,76±0,98 8,48±0,78 7,88±0,53 13,3±1,47 7,08±0,53
4 6,75±0,43 6,77±0,29* 8,32 0,27 7,81±0,88** 8,37±0,79

**p<0,01 (Mann‒Whitney U-test), *p<0,05 (Mann‒Whitney U-test).
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Transitory but more pronounced changes were observed in dynamics of 
pseudoeosinophils in Group 4 (Table 2), as compared to Group 2, where a reli-
able decrease (21%) was observed on Day 9 after withdrawal of Enrofloxacin. 
Increase in pseudoeosinophil count in duckling blood occurred on Day 3 and 
Day 7, 20% and over 50% respectively. The transitory reaction of pseudoeosin-
ophils in duckling blood whereas such reaction was not registered in chicken 
blood can be explained by a faster physiological growth of the former as com-
pared to the latter. As for short duration of the surge in count of these granulo-
cytes it was probably determined by their protective function (mobilization of 
the immune system) against foreign substances, entering the organism [24, 25].

Table 4.
Dynamics of eosinophils, pseudoeosinophils and basophils indices in ducklings

Cells Groups
Days

1 3 5 7 9

eosinophils, %
3 3,5±0,43 3,7±0,49 3,0±0,82 8,7±2,87 3,7±0,88
4 5,2±0,71* 3,7±0,56 3,8±0,61 2,3±0,49* 6,3±0,67*

eosinophils, 109·L-1 3 0,68±0,08 0,74±0,13 0,71±0,19 2,15±0,76 0,89±0,23
4 0,96±0,14 0,78±0,14 0,84±0,13 0,64±0,14* 1,69±0,17*

pseudoeosinophils,%
3 59,3±3,67 50,5±2,36 61,2±3,39 33,5±4,45 63,2±2,57
4 56,0±3,09 61,0±1,24** 55,8±1,61 65,2±2,79** 60,0±2,74

pseudoeosinophils, 
109·L-1

3 11,9±0,96 10,1±0,63 14,6±1,16 8,57±1,38 14,9±1,01
4 10,8±1,11 12,6±0,53* 12,5±0,52 17,6±1,09** 16,0±1,01

basophils, %
3 1,5±0,34 2,2±0,17 1,1±0,17 2,5±0,34 2,2±0,61
4 1,5±0,34 1,2±0,17** 1,3±0,17 2,3±0,56 1,2±0,17

basophils, 109·L-1 3 0,28±0,06 0,42±0,04 0,27±0,03 0,61±0,08 0,54±0,15
4 0,28±0,08 0,26±0,05* 0,25±0,04 0,64±0,15 0,32±0,04

**p<0,01 (Mann‒Whitney U-test).
*p<0,05 (Mann‒Whitney U-test).

Dynamics of lymphocyte count in both chicken blood and duckling blood 
was ambiguous as we registered its alternate changes. Lymphocyte count in 
chicken blood increased reliably on Day 3 (by 22%), then decreased on Day 
7 while dynamics of lymphocyte count in blood of ducklings in Group 4 was 
undulating. Lymphocyte count in duckling blood (Group 4) decreased reliably 
by 20% as compared to the control group on Day 3, then it increased by more 
than 50% on Day 5, but it decreased again by 41% on Day 7. Such dynamics 
may be related to fluoroquinolones’ effect on production of interleukin-2 which 
in its turn promotes proliferation of such agranulocytes in organism. 
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Changes in monocyte count in the blood of all experimental groups were 
transitory. So monocyte count decreased by 63% in Group 2 on Day 1 after 
withdrawal of the drug, then it increased by 38% on Day 7. The change in mono-
cyte count in duckling blood occurred only once and was observed on Day 1, 
when it decreased by 45% as compared to the control group.

Despite the fact that shift in the leukogram was more pronounced in Group 
2 as compared to Group 3, we must note the dynamics of leukocyte indices in 
the duckling blood as well as these changes were more lasting and reliable. Leu-
kocyte indices are very important for diagnosis as they enable us to evaluate 
the functioning of effector mechanisms of the immune system and the level of 
immunological reactivity. Moreover they can reflect possible elevated concen-
trations of toxic substances in the bloodstream.

In Group 2 (Table 5) reliable changes mostly occurred in IIR as compared 
to control (increase by 62% at Day 1, decrease by 14%, 36% and 60% at Day 
3, Day 5 and Day 7 respectively), in LSI once at Day 7 (increase by 29%) and 
in LGI once at Day 7 too (decrease by 31%), though in Group 3 we marked 
dynamics in each of the studied indices (Table 6).

Table 5.
Dynamics of leukocyte indices in chicken blood

Index Group Day 1 Day 3 Day 5 Day 7 Day 9 

LII
I 0,64±0,07 0,58±0,06 0,63±0,06 0,65±0,06 0,53±0,03
II 0,60±0,06 0,62±0,05 0,59±0,05 0,64±0,06 0,41±0,05

LSI
I 1,34±0,19 1,29±0,05 0,95±0,07 1,00±0,08 0,87±0,04
II 1,34±0,12 1,16±0,09 1,09±0,11 1,41±1,14** 1,14±0,11

LGI
I 0,78±0,15 0,72±0,03 1,05±0,08 0,99±0,08 1,11±0,05
II 0,75±0,08 0,84±0,08 0,89±0,07 0,68±0,06** 0,86±0,09

KI
I 1,01±0,15 0,91±0,08 0,78±0,07 0,82±0,08 0,68±0,04
II 0,92±0,11 0,88±0,07 0,82±0,09 1,03±0,14 0,65±0,06

LI
I 1,13±0,21 1,14±0,09 1,35±0,14 1,27±0,12 1,49±0,08
II 1,17±0,15 1,18±0,11 1,28±0,11 1,03±0,11 1,58±0,13

IIR
I 14,3±1,93 23,8±8,91 42,9±6,66 41,2±7,22 25,5±2,49
II 38,6±7,56** 20,5±2,46 27,6±6,57* 16,5±2,55** 22,3±2,78

**p<0,01 (Mann‒Whitney U-test).
*p<0,05 (Mann‒Whitney U-test).

Besides, the registered changes in duckling blood were particularly pro-
nounced at Day 3 and Day 7. In accordance with it KI, LII, LSI increased on the 
same days by 34% and 68%, 34% and 72%, 31% and 59% respectively, while 
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LI and LGI decreased reliably by 54% and 76%, 35% and 70%, respectively. 
We also observed a singular increase of IIR by 40% at Day 1.

Table 6.
Dynamics of leukocyte indices in duckling blood

Index Group Day 1 Day 3 Day 5 Day 7 Day 9 

LII
III 1,56±0,19 1,04±0,09 1,66±0,21 0,54±0,11 1,78±0,19
IV 1,33±0,16 1,58±0,08* 1,27±0,08 1,96±0,23** 1,56±0,18

LSI
III 1,95±0,25 1,33±0,13 1,98±0,22 1,01±0,35 2,29±0,21
IV 1,77±0,22 1,94±0,08** 1,57±0,08 2,48±0,34** 2,21±0,31

LGI
III 0,55±0,11 0,77±0,08 0,53±0,08 1,43±0,32 0,44±0,04
IV 0,59±0,08 0,50±0,02** 0,62±0,03 0,43±0,07** 0,48±0,06

KI
III 1,92±0,26 1,23±0,12 1,92±0,23 0,76±0,24 2,19±0,22
IV 1,64±0,21 1,87±0,09** 1,50±0,07 2,41±0,32** 2,04±0,29

LI
III 0,60±0,12 0,86±0,09 0,58±0,09 1,92±0,48 0,48±0,05
IV 0,67±0,09 0,54±0,03** 0,67±0,03 0,46±0,07** 0,54±0,07

IIR
III 22,2±4,41 37,7±4,37 36,7±3,24 49,8±8,41 29,8±2,31
IV 37,2±3,84* 30,7±4,26 27,9±5,08 28,3±0,15 34,6±4,15

**p<0,01 (Mann‒Whitney U-test).
*p<0,05 (Mann‒Whitney U-test).

The differences in dynamics of hematological parameters are remarkable 
in that we see bigger changes of leukogram values in chicken blood while in 
duckling blood we see more pronounced changes of leukocyte (hematological) 
indices; such differences may be related to peculiar susceptibility of leukocyte 
subpopulations of different kinds of poultry to the studied drug.

There are a few reports of hematological studies in mammals revealing cer-
tain side effects after fluoroquinolone administration, nevertheless such effects 
are quite rare and such cases are seldom reported. Bearing a possibility of such 
effects in mind we studied blood indices of 2 kinds of poultry and did not reg-
ister any adverse events in their blood or consequences after fluoroquinolone 
administration. Those transitory changes that we marked may be to a great 
degree related to peculiarities and individual development of ducklings and 
chickens at such young age.

Conclusion
The data that we obtained after conducting 2 series of experiments do not 

show any significant negative effect of Enrofloxacin administration on physi-
ological state of poultry. But the fact remains that dynamics of hematological 
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indices was more pronounced in the experimental group of chickens as com-
pared to ducklings, which could be related to specific, peculiar development 
of the latter. Nevertheless the changes that we observed in blood indices of 
both experimental groups were not lasting and as a rule the blood indices did 
not show any significant reliable changes till the final day of the experiments.
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