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Abstract 

Background Colibacillosis in broiler chickens is associated with economic loss and localized or systemic infection. 
Usually, the last resort is antibacterial therapy. Insight into the disease pathogenesis, host responses and plausible 
immunomodulatory effects of the antibacterials is important in choosing antibacterial agent and optimization 
of the treatment. Selected responses of broiler chickens experimentally infected with Escherichia coli (E. coli) 
and also those treated with florfenicol are evaluated in this study. Chickens (n = 70, 5 weeks old) were randomly 
assigned to four groups. The control groups included normal control (NC) and intratracheal infection control (ITC) 
(received sterile bacterial medium). The experimental groups consisted of intratracheal infection (IT) that received 
bacterial suspension and intratracheal infection with florfenicol administration (ITF) group.

Results Florfenicol reversed the decreased albumin/globulin ratio to the level of control groups (p > 0.05). Serum 
interleukin 10 (IL-10) and interferon‐gamma (IFN-γ) concentrations decreased in IT birds as compared to NC 
group. Florfenicol decreased the serum interleukin 6 (IL-6) concentration as compared to IT group. Milder signs 
of inflammation, septicemia, and left shift were observed in the leukogram of the ITF group. Florfenicol decreased 
the severity of histopathological lesions in lungs and liver. Depletion of lymphoid tissue was detected in spleen, 
thymus and bursa of IT group but was absent in ITF birds. The number of colony forming units of E. coli in liver 
samples of ITF group was only slightly lower than IT birds.

Conclusions Experimental E. coli infection of chickens by intratracheal route is associated with remarkable 
inflammatory responses as shown by changes in biochemical and hematological parameters. Histopathological 
lesions in lymphoid organs (especially in the spleen) were also prominent. Florfenicol has positive 
immunomodulatory effects and improves many of the lesions before the full manifestation of its antibacterial effects. 
These effects of florfenicol should be considered in pharmacotherapy decision-making process.
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Background
Colibacillosis which is caused by avian pathogenic 
Escherichia coli(APEC) is commonly diagnosed in broiler 
chicken flocks already afflicted with viral diseases or 
other stressors. The bacteria can also be considered as a 
primary pathogen. The disease is associated with appre-
ciable economic loss and adversely affects the birds’ wel-
fare. Unfortunately, efficient vaccines are not currently 
available and usually the last resort is antibacterial ther-
apy of infected flocks [18, 11].

Gaining insight into the host responses against coliba-
cillosis and antibacterial therapy is important in tailoring 
control and treatment strategies. Controlled experimen-
tal studies with APEC as the primary pathogen are mainly 
used for evaluation of immune responses in chickens 
with colibacillosis. According to these experiments, the 
host defense against colibacillosis comprises a strong 
early innate immune response followed by humoral and 
cell-mediated adaptive responses. Many different factors 
related to bacteria, host and even sampling are shown to 
be associated with changes in host responses to APEC 
bacteria. Moreover; discrepancies are observed between 
results from ex vivo and in vivo studies [1].

Florfenicol is a broad spectrum antibacterial agent 
and a derivative of chloramphenicol with the advantage 
of applicability in food producing animals. The drug has 
an indication for use in broiler flocks with colibacillosis 
according to label instructions and shows good thera-
peutic effects. Florfenicol also shows immunomodula-
tory and anti-inflammatory properties in veterinary 
species [22]. In normal chickens, florfenicol has shown 
inconsistent immunomodulatory effects. Khalifeh et  al., 
[12], reported that florfenicol administration to layers 
suppresses Newcastle disease (ND) antibody produc-
tion measured by both HI and ELISA. In a study by Han 
et al., [7] administration of florfenicol to 1-day-old broil-
ers for 5 consecutive days resulted in increased antibody 
titer against ND vaccine. The latter researchers found no 
change in total white blood cell (WBC) count and WBC 
subsets as well as serum interferon‐gamma (IFN-γ) and 
interleukin 4 (IL-4) in the treated broilers at the age of 
21 and 42  days. Serum interleukin 2 (IL-2) content was 
decreased while peripheral lymphocyte transformation 
rate was increased in 42-day-old treated birds as com-
pared to control group in this study. More recently, [16], 
reported immunotoxic effects of florfenicol administered 
for 6 consecutive days to 3-day-old chickens with regards 
to assessment of serum ND antibody titer, cytokine levels 
and histological features of bursa of Fabricius [16].

Available reports on the effects of florfenicol on 
immune responses of broilers with colibacillosis are 
scarce. In a study by [8], relatively high dosages (30 mg/kg 
or 60 mg/kg) of florfenicol were administered to broilers 

experimentally infected withE. coli O78 by intratracheal 
route. These authors found that 60  mg/kg florfenicol 
increases hemagglutination inhibition (HI) and enzyme-
linked immunosorbent assay (ELISA) antibody titers 
against ND vaccination. Moreover, gene expression of 
interferon-inducible genes in the spleen tissue of birds 
increased by both dosages. In histopathological examina-
tion of bone marrow, moderate atrophy of hematopoietic 
lineage and increased fat cells in both florfenicol-treated 
groups were observed while no specific change in spleen 
was reported. Unfortunately, in the above mentioned 
study, most of the assays were performed very lately and 
after confirmation of E. coli clearance of the body. There-
fore, the authors could not precisely relate the observed 
effects to immunomodulatory properties of florfenicol 
and deduced that the antibacterial effects of florfenicol 
may be involved in at least some of the observed effects.

In the present study, we evaluated selected immune 
responses of broilers experimentally infected with E.coli 
and also those treated with routine clinical dosages of 
florfenicol at early days after infection by considering 
cytokine levels, hematological changes and histopatho-
logical examination of the immune organs (spleen, thy-
mus and bursa of Fabricius).

Materials and methods
Bacteria and experimental infection
The bacterium which was used in the study was an APEC 
from O2 serotype originally isolated from broiler chick-
ens. The bacteria were provided by Razi Vaccine and 
Serum Research Institute, Iran. According to the result 
of disk diffusion testing, the bacteria were not resistant 
to florfenicol. A bacterial suspension was made in tryptic 
soy broth (TSB) medium and bacterial dose for admin-
istration to broilers was chosen based on our previous 
study [19]. Birds were infected with 1 mL of the bacterial 
suspension at the concentration of 7.1 ×  108CFU/mL by 
intratracheal route as described by Kromann et al., [13].

Experimental design
Seventy, 1-day-old Cobb chicks from both sexes were 
included in the study. Chickens were purchased from 
a commercial local hatchery for this specific study. 
Birds were reared in similar conditions according to 
Cobb Broiler Management Guide. No vaccination or 
drug administration was performed during the rearing 
period. Biosecurity practices were followed to prevent 
infectious diseases. At the age of 5  weeks, birds were 
randomly assigned to four groups including two con-
trol groups (n = 15 each) and two experimental groups 
(n = 20 each). Birds in each group were allocated into 5 
replicates. The control groups included normal control 
(NC) group which was comprised of normal birds with 
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no specific treatment, and intratracheal infection con-
trol (ITC) group where birds received 1  mL of sterile 
TSB medium by intratracheal route. The experimental 
groups included intratracheal infection (IT) group that 
received 1 mL of the bacterial suspension inoculated by 
intratracheal route, and intratracheal infection with flo-
rfenicol administration (ITF) group that in addition to 
being infected was treated with florfenicol (Fluorfen®, 
10% solution; Rooyan Darou Pharmaceutical Co., Teh-
ran, Iran) at a dosage of 1 mL/L of drinking water (20 mg/
kg per day) according to label instructions. Administra-
tion of florfenicol was started after overt manifestation of 
clinical signs (roughly 12 h. post inoculation) and lasted 
for 3 consecutive days.

At the end of antibacterial treatment period, 10 birds 
from each group were randomly selected for blood sam-
pling from wing vein. About 4  mL blood was collected 
from each bird in plain and citrate sodium coated vacu-
tainer tubes (2  mL each). Five birds from each group 
were euthanatized by cervical dislocation after concus-
sion. Under aseptic conditions, right lobe of the liver was 
removed and transferred to sterile containers for total 
bacterial count. Moreover, samples of liver, lung, spleen, 
thymus and bursa of Fabricius of these birds were col-
lected in 10% neutral buffered formalin for histopatho-
logical examination.

All procedures used in this study were conducted in 
accordance with European Union commission legislation 
on the protection of animals used for scientific purposes 
[6] and were approved by an institutional ethical review 
committee (code number: 1GCB3M163773).

Serum total protein, albumin and total globulin assays
For serum collection, blood samples in plain tubes were 
centrifuged for 5 min at 2500 rpm. Harvested sera were 
kept at -20 °C until use.

Serum total protein was determined by photometric 
test according to biuret method. Determination of albu-
min level was performed by using bromocresol green 
spectrophotometric method. Both kits were provided 
by Pars Azmun Co., Tehran, Iran. All methods were per-
formed according to kit protocols. The total globulin 
fraction was determined by subtracting the albumin from 
the total protein.

Evaluation of serum cytokines levels
Chicken specific ELISA kits were used for the assay 
of IFN-γ, interleukin 6 (IL-6) and IL-10 in sera. All kits 
were provided by ZellBio GmbH, Ulm, Germany. All kits 
were based on one-step biotin double antibody sandwich 
ELISA method with intra assay and inter assay coeffi-
cients of variation (CVs) of < 10% and < 12%, respectively. 

All assays were performed according to manufacturer’s 
instructions.

Determination of total WBC, WBC subsets 
and thrombocytes in blood
Total WBC count and thrombocyte count were deter-
mined by manual technique. To determine the differen-
tial leukocyte counts (heterophil, lymphocyte, monocyte, 
and immature white blood cells), a drop of blood was 
thinly spread over a glass slide, air-dried, and stained 
with the Giemsa staining technique. One hundred cells 
are then counted and classified. Then absolute number 
of WBC subsets was calculated by using their percentage 
and total WBC count [21, 24].

Histopathological examination of lymphoid organs, lung 
and liver
After fixation, samples were routinely processed and 
embedded in paraffin. Five μm-thick sections from paraf-
fin blocks were made and stained with hematoxylin and 
eosin for examination under light microscope [3]. Dif-
ferent histopathological lesions were determined in each 
tissue (Nakamura et al., [17] and Usman et al. [23] with 
modifications). Lesions in all tissues were semi quan-
titatively scored from 0–3. The scoring system was as 
follows: 0: no lesion, 1: mild, 2: moderate and 3: severe 
lesion.

Total bacterial count of liver
Liver samples were immediately used for bacterial count. 
Samples were weighed and then were placed in boil-
ing normal saline for 4  s for surface sterilization. Then 
samples were transferred to sterile bags and sterile nor-
mal saline was added to each bag at 9:1 w/w ratio. After 
mechanical homogenization, serial dilutions  (10–2 to 
 10–6) were made in sterile micro tubes. Ten µL of each 
dilution was transferred to MacConkey agar plates and 
incubated for 18–24  h at 37  °C. Plates containing less 
than 250 colonies were used for colony count and total 
bacterial CFU count/g tissue was calculated (Adzitey and 
Yildiz [2] with modifications).

Statistical analysis
Shapiro-Wilks’s normality test was performed on all data 
sets. Based on the results, data were analyzed by one-way 
ANOVA followed by Tukey’s multiple comparison test or 
Kruskal–Wallis test followed by Dunn’s multiple compar-
isons test where appropriate. P < 0.05 was considered as 
the level of significance for statistical analysis.
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Results
It should be noted that data related to clinical signs, mor-
tality, gross pathology, pathogenesis, etc. are reported in 
our previously published paper [19].

Serum total protein, albumin and total globulin levels
Birds in IT group showed significantly increased serum 
levels of total protein and total globulin as compared 
to control birds in NC group (p < 0.01 and p < 0.0001, 
respectively). Although a slight decrease was observed 
in serum albumin levels of IT group in comparison 
with control groups, the change was not significant 
(p > 0.05). Florfenicol administration to birds in ITF 
group was associated with a significant decrease in 
serum total protein and globulin concentrations as 
compared to untreated birds in IT group (p < 0.01 and 
p < 0.0001, respectively). No significant difference was 
observed in these parameters among ITF and control 
groups (p > 0.05). The albumin/globulin (A/G) ratio 
was significantly decreased in IT group as compared to 
control groups (p < 0.05 for both comparisons). Birds 
in ITF group showed statistically the same A/G ratio 

as compared to control groups and IT birds (p > 0.05) 
(Fig. 1).

Serum levels of cytokines
Induction of colibacillosis in birds of IT group was 
associated with significantly lower serum concentrations 
of IL-10 and IFN-γ as compared to normal birds of 
NC group (p < 0.01 for both comparisons). IL-6 levels 
remained statistically similar between these two groups 
(p > 0.05). Administration of florfenicol to birds with 
colibacillosis (ITF group) resulted in appreciable decrease 
in serum concentration of IL-6 as compared to birds in 
IT group (p < 0.05). Antibiotic therapy of birds in ITF 
group had no significant effect on serum IL-10 or IFN-γ 
as compared to IT birds (p > 0.05) (Fig. 2).

White Blood cells and thrombocytes
Birds in IT group showed a significant increase in num-
ber of WBCs as compared to control groups (p < 0.0001 
for both comparisons). Birds in ITF group had signifi-
cantly lower number of WBCs as compared to IT group 
(p < 0.05), however this parameter value was statistically 
higher in ITF birds than NC or ITC groups (p < 0.01 for 
both comparisons).

Fig. 1 Serum levels (mean and SD) of total protein, albumin, globulin and A/G ratio in different groups. NC: normal control, normal birds 
with no specific treatment, ITC: intratracheal infection control, birds received sterile medium by intratracheal route; IT: Intratracheal infection 
group, birds received bacterial suspension inoculated by intratracheal route and ITF: intratracheal infection with florfenicol administration group, 
in addition to being infected, birds were treated with florfenicol. Values in columns without a common letter are significantly different at p < 0.05
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Although the percentage of heterophils was statisti-
cally the same among groups, birds in IT and ITF groups 
showed significantly higher number of heterophils as 
compared to birds in NC group (p < 0.0001 and p < 0.001, 
respectively). Florfenicol administration resulted in an 
appreciable decrease in heterophils count as compared to 
IT group (p < 0.05).

Lymphocytes counts in birds of IT and ITF groups were 
significantly higher than NC birds (p < 0.001 and p < 0.05, 
respectively). Birds in IT and ITF groups showed statisti-
cally the same counts of lymphocytes (p > 0.05). The per-
centage of lymphocytes in IT and ITF groups was lower 
than NC birds (p < 0.001 and p < 0.05, respectively). The 
values of this parameter were not significantly different 
between IT and ITF groups (p > 0.05).

Regarding monocytes, birds in IT and ITF groups 
showed significantly higher numbers of these cells 
as compared to NC birds (p < 0.0001 and p < 0.01, 
respectively). Birds in ITF group had lower number 
of monocytes in comparison with birds in IT group 
(p < 0.001). Percentage of monocytes in IT and ITF 
groups was also higher than NC birds (p < 0.0001 and 

p < 0.01). Birds in ITF group showed lower percentage of 
monocytes as compared to IT birds (p < 0.05).

Birds in IT group had significantly higher counts and 
percentage of immature white blood cells as compared 
to NC group (p < 0.0001 for both comparisons). Number 
and percentage of these cells in ITF group were statisti-
cally the same as NC birds (p > 0.05) and significantly 
lower than IT group (p < 0.0001 for both comparisons).

Number of thrombocytes was statistically the same 
among all groups (p > 0.05).

Data related to blood cells are summarized in Table 1.

Descriptive parameters of blood cells
Blood cells in NC and ITC groups showed completely 
normal appearances. In IT group, signs of severe 
acute inflammation and septicemia were present. 
Toxic heterophils with vacuolated cytoplasm were 
abundantly observed. Severe left shift with presence of 
toxic myelocytes, metamyelocytes and band heterophils 
was detected in blood smears. Polychromatophilic 
erythrocytes were detected relatively more in IT group 
than ITF birds. The severity of changes was generally 

Fig. 2 Serum levels (mean and SD) of cytokines in different groups. NC: normal control, normal birds with no specific treatment, ITC: intratracheal 
infection control, birds received sterile medium by intratracheal route; IT: Intratracheal infection group, birds received bacterial suspension 
inoculated by intratracheal route and ITF: intratracheal infection with florfenicol administration group, in addition to being infected, birds were 
treated with florfenicol. MS: missed samples. Values in columns without a common letter are significantly different at p < 0.05
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lower in ITF group as shown by the presence of some 
band heterophils and heterophils that only showed mildly 
vacuolated cytoplasms. Red blood cells were normal. 
Figure 3 represents some of these changes in IT and ITF 
groups.

Histopathological findings of liver and lung
Lungs and livers of birds in NC and ITC groups 
did not show any lesions and looked normal in 
histopathological examination. Infiltration of 
inflammatory cells, presence of necrotic foci, 
accumulation of eosinophilic substances in parabronchi 

Table 1 White blood cells and thrombocytes counts (mean ± SD) in different groups

NC Normal control, normal birds with no specific treatment, ITC Intratracheal infection control, birds received sterile medium by intratracheal route, IT Intratracheal 
infection group, birds received bacterial suspension inoculated by intratracheal route and ITF Intratracheal infection with florfenicol administration group, in addition 
to being infected, birds were treated with florfenicol. Values in a row without a common letter are significantly different at p < 0.05

NC ITC IT ITF

WBC count/µL 18,156 ±  1940a 15,750 ±  2576a 54,320 ±  12904b 38,950 ±  5029c

Heterophils count/µL 5965 ±  854a 5386 ±  854a 18,119 ±  4161b 13,621 ±  1045c

Heterophils (%) 32.7 ± 2.5a 34.2 ± 1.7a 33.8 ± 5.26a 35.17 ± 2.04a

Lymphocytes count/µL 11,511 ±  1153a 9568 ±  1560a 29,044 ±  8196b 22,452 ±  3546b

Lymphocytes (%) 63.5 ± 3.31a 60.7 ± 1.7ac 53 ±  4bc 57.5 ± 2.34c

Monocytes count/µL 680 ±  193a 796 ±  244a 5172 ±  1332b 2743 ±  707c

Monocytes (%) 3.75 ± 0.957a 5 ± 0.816ac 9.6 ± 1.81b 7 ± 1.26c

Immature cells count/µL 0 ±  0a 0 ±  0a 1985 ±  661b 134 ±  207a

Immature cells (%) 0 ±  0a 0 ±  0a 3.6 ± 0.547b 0.333 ± 0.516a

Thrombocytes count/µL 25,865 ±  7859a 27,859 ±  6239a 25,606 ±  7554a 21,297 ±  5248a

Fig. 3 Representative photomicrographs of birds in intratracheal infection group (IT) (A and B) and intratracheal infection with florfenicol 
administration group (ITF) (C and D). Short thin arrow: Toxic heterophil with vacuolated cytoplasm; Long thin arrow: Toxic metamyelocyte, 
vacuoles and dark toxic granules are present in cytoplasm; Star: Polychromatophilic erythrocyte; Thick arrow: Toxic myelocyte, vacuoles and dark 
toxic granules are present in cytoplasm; Curved arrow: heterophil with mildly vacuolated cytoplasm; #: Normal monocytes. Giemsa staining, 
Magnification: 1000X
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and intravascular fibrin thrombi were the most 
profound lesions that were observed in lungs of birds 
in IT group. Hemorrhage was not detected in lungs 
of these birds. Except congestion, the severity of 
lesions was lower in birds of ITF group as compared 
to IT group although the only parameter that showed 
significantly lower scores was the accumulation of 
eosinophilic substances in parabronchi (p < 0.05).

Fatty changes, intravascular fibrin thrombi, perihepati-
tis, accumulation of heterophils around portal areas and 
congestion were detected in livers of birds in IT group. 
The only parameter that showed significantly lower 
scores in ITF group compared to IT birds was accu-
mulation of heterophils around portal areas (p < 0.05) 
(Table 2).

Selected lesions in lungs and livers of birds are shown 
in Fig. 4.

Histopathological findings of immune organs
Spleen, bursa of Fabricius and thymus of birds in NC 
and ITC groups were normal without any considerable 
lesions. Among the three immune organs that were 
histopathologically examined, spleen was the most 
affected organ of birds in IT group where almost all 
of the assayed parameters showed a median score of 3 
(the highest severity score). Congestion, hemorrhage, 
intravascular fibrin thrombi, heterophil accumulation 
foci, depletion of lymphoid cells in white pulp and focal 

areas of necrosis were profoundly detected in the spleens 
of IT birds. The scores of all these parameters were 
statistically lower in ITF birds as compared to IT group 
(p < 0.05) and were reversed to normal values of NC 
group (p > 0.05). Moreover, birds in ITF group showed 
hyperplasia in white pulp which was not observed in any 
other groups.

Congestion, intravascular fibrin thrombi, heterophil 
accumulation, depletion of lymphoid tissues and 
edema were detected in thymi of birds in IT group. 
Thymi of birds in ITF group showed normal structural 
features without detectable lesions in histopathological 
examination.

Depletion of lymphoid cells, cyst formation, inter-
follicular edema and distended lymphatic vessels were 
observed in bursa of Fabricius of birds in IT group. 
Except for interfollicular edema, the bursas of birds in 
ITF group looked almost normal in histopathological 
evaluation.

Figure 5 shows selected lesions in lymphoid organs of 
birds in IT group.

Table  3 summarizes the scores of histopathological 
findings in different groups.

E. coli count in liver
As shown in Fig.  6, no E. coli growth was observed in 
liver samples collected from control groups (NC and 
ITC). Incubation of liver samples from both infected 
groups (IT and ITF) resulted in E. coli bacterial growth. 
The number of colony forming units (CFUs) of E. coli in 
liver samples of ITF group was only slightly lower than IT 
birds (p > 0.05).

Discussion
This study is focused on certain aspects of responses of 
chickens experimentally infected with APEC via intra 
tracheal route with or without florfenicol treatment.

In acute or chronic inflammatory conditions, total pro-
tein may increase due to elevated globulin fraction. In 
these situations, albumin concentrations often decrease. 
The combined effect of these changes is a decrease in 
the A/G ratio [15]. Consistently, in the present study, 
hyperproteinemia and decreased A/G ratio was observed 
in birds of IT group which was due to increased serum 
globulins. Hyperglobulinemia in chickens with colibacil-
losis has been reported by other investigators [20, 5]. As 
previously stated, in the present study birds in ITF group 
showed statistically similar levels of serum globulin and 
A/G ratio compared to control groups which can be 
related to a suppressed inflammatory condition following 
florfenicol administration to these birds.

In 2024, Usman et  al., observed that serum concen-
tration of IL-6 significantly increases in chickens that 

Table 2 Histopathological data related to lungs and livers of 
birds in different groups. Data are presented as median (range)

NC Normal control, normal birds with no specific treatment, ITC Intratracheal 
infection control, birds received sterile medium by intratracheal route, IT 
Intratracheal infection group, birds received bacterial suspension inoculated by 
intratracheal route and ITF Intratracheal infection with florfenicol administration 
group, in addition to being infected, birds were treated with florfenicol. Values in 
a row without a common letter are significantly different at p < 0.05

NC ITC IT ITF

LUNG

Congestion 0(0)a 0(0)a 1(1–2)ab 2(0–2)b

Hemorrhage 0(0)a 0(0)a 0(0)a 0(0)a

Intravascular thrombi 0(0)a 0(0)a 2(2)b 0(0–3)ab

Accumulation of inflammatory cells 0(0)a 0(0)a 2(2)b 1(1–3)ab

Necrotic foci in parabronchi 0(0)a 0(0)a 1(1–2)b 0(0–3)ab

eosinophilic substances in parabronchi 0(0)a 0(0)a 2(1–2)b 0(0)a

LIVER

Congestion 0(0)a 0(0)a 1(1)b 0(0)a

Fatty changes 0(0)a 0(0)a 1(1)b 1(1)b

Intravascular thrombi 0(0)a 0(0)a 0(0)a 0(0)a

Perihepatitis 0(0)a 0(0)a 1(1)b 1(0–1)ab

Heterophil accumulation in portal area 0(0)a 0(0)a 1(1)b 0(0)a

Lymphoid foci 0(0)a 0(0)a 1(1–3)b 1(1–2)b
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were inoculated via intra nasal route by O78:K80 E. coli 
three days post inoculation. In a study by Elnagar et al., 
[4]; broiler chickens which were orally infected with E. 
coli O78, O26, O55, or O44 showed increased mRNA 
expression of IL-6 in ileal tissue two days post infection. 
Conversely, in our study serum level of IL-6 was not sig-
nificantly changed in IT birds. It is worth to mention 
that in the study performed by Elnagar et al., the level of 
increase in mRNA expression of IL-6 cytokine was dif-
ferent between the E. coli strains. Therefore, the reason 
for the observed discrepancy, might be the difference in 
E. coli strain used as well as time of sampling, inoculation 
route and type of the sample.

We observed that ITF birds show significantly lower 
levels of IL-6 as compared to IT group. The suppressive 
effects of florfenicol on IL-6 serum levels has also been 
previously reported in mice challenged with LPS [27]. 
These researchers also showed that florfenicol inhib-
its the translocation of LPS-induced nuclear factor-κB 
(NF-κB) from cytoplasm into the nucleus in RAW 264.7 
macrophages. Therefore, they suggested that the effects 

of florfenicol on early cytokine responses can be due to 
blocking of NF-κB pathway.

Interleukin 6 is a multifunctional cytokine in chick-
ens with major roles in immune responses including 
activating B and T lymphocytes and encouraging mac-
rophage production [25]. As an important cytokine 
in innate immune responses, IL-6 alerts the immune 
system about the presence of the pathogen. However, 
improper over production of this molecule may also be 
damaging [4]. On the other hand, suppressed produc-
tion of this cytokine may help to the spread of infection 
as shown for  Salmonella gallinarum  [10]. Therefore, 
the suppressive effect of florfenicol on this cytokine 
level in chickens with colibacillosis should be consid-
ered conservatively.

It is well stablished that IL-10 is an inducible feedback 
regulator of immune response in chickens and acts as an 
anti-inflammatory cytokine [26]. It is reported that IL-10 
mRNA expression decreases in ileal tissue of chickens 
with colibacillosis [4]. Consistently, in the present study, 
we observed decreased serum levels of IL-10 in birds of 

Fig. 4 Representative photomicrographs of liver (A) and lung (B) of birds experimentally infected with E. coli by intratracheal route (IT group). 
Long arrow: perihepatitis; #: Lymphatic cells accumulation; Star: accumulation of eosinophilic substances in parabronchi; Short arrow: Intravascular 
thrombus, hematoxylin and eosin staining
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IT group. These birds also showed decreased serum lev-
els of IFN-γ. It has been shown that administration of 
IFN-γ to chickens with colibacillosis enhances immune 
responses against the disease although it does not miti-
gate the development of air sac lesions [9]. Therefore the 
decreased serum level of IFN-γ may negatively affect the 
immune responses of chickens with colibacillosis.

In a study by Zhang et  al., [27], florfenicol prolonged 
IL-10 expression in serum of mice challenged with LPS 
while had no effect on IL-10 production by LPS-induced 
RAW 264.7 cells in vitro. Administration of florfenicol to 
SPF chicks at the age of 3 days for six consecutive days 

Fig. 5 Representative photomicrographs of spleen (A), thymus (B) 
and bursa of Fabricius (C) of birds experimentally infected with E. coli 
by intratracheal route (IT group). Long arrow: Focal necrosis; #: 
Lymphatic cells depletion; *: inter follicular edema, hematoxylin 
and eosin staining

Table 3 Histopathological data related to lymphoid structures of 
birds in different groups. Data are presented as median (range)

NC Normal control, normal birds with no specific treatment, ITC Intratracheal 
infection control, birds received sterile medium by intratracheal route, IT 
Intratracheal infection group, birds received bacterial suspension inoculated by 
intratracheal route and ITF intratracheal infection with florfenicol administration 
group, in addition to being infected, birds were treated with florfenicol. Values in 
a row without a common letter are significantly different at p < 0.05

NC ITC IT ITF

SPLEEN

Congestion 0(0)a 0(0)a 3(2–3)b 1(0–1)a

Hemorrhage 0(0)a 0(0)a 3(2–3)b 0(0)a

Intravascular thrombi 0(0)a 0(0)a 3(2–3)b 0(0)a

Heterophil accumulation 0(0)a 0(0)a 3(2–3)b 0(0)a

Depletion of white pulp 0(0)a 0(0)a 3(2–3)b 0(0)a

Focal necrosis 0(0)a 0(0)a 3(2–3)b 0(0)a

Hyperplasia in white pulp 0(0)a 0(0)a 0(0)a 1(0–1)b

THYMUS

Congestion 0(0)a 0(0)a 1(1)b 0(0)a

Intravascular thrombi 0(0)a 0(0)a 1(1)b 0(0)a

Heterophil accumulation 0(0)a 0(0)a 2(1–3)b 0(0)a

Depletion of lymphoid tissue 0(0)a 0(0)a 2(1–2)b 0(0)a

Edema 0(0)a 0(0)a 1(0–2)b 0(0)a

BURSA of FABRICIUS

Congestion 0(0)a 0(0)a 0(0)a 0(0)a

Depletion of lymphoid tissue 0(0)a 0(0)a 2(1–2)b 0(0)a

Cyst formation 0(0)a 0(0)a 1(1–2)b 0(0)a

Inter follicular edema 0(0)a 0(0)a 2(1–2)b 1(0–2)ab

Distention of lymphatic vessels 0(0)a 0(0)a 1(1)b 0(0)a

heterophil accumulation 0(0)a 0(0)a 0(0–1)a 0(0)a

Fig. 6 E. coli count (mean and SD) in liver samples of birds 
in different groups. NC: normal control, normal birds with no specific 
treatment, ITC: intratracheal infection control, birds received sterile 
medium by intratracheal route; IT: Intratracheal infection group, 
birds received bacterial suspension inoculated by intratracheal route 
and ITF: intratracheal infection with florfenicol administration group, 
in addition to being infected, birds were treated with florfenicol. 
Values in columns without a common letter are significantly different 
at p < 0.05
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has been associated with decreased serum levels of IFN-γ 
compared to control group in the early stages of drug 
withdrawal [16]. In contrast, in the present study, florfen-
icol administration had no effect on the levels of IL-10 or 
IFN-γ in chickens with colibacillosis. The differences in 
the nature and conditions of the mentioned studies might 
have a role in the discrepancy observed in the results.

In the present study, florfenicol improved the 
hematological profile of birds with colibacillosis as shown 
by milder signs of inflammation, toxemia and left shift 
presented by WBCs. Leukocytosis and monocytosis were 
also ameliorated by florfenicol administration. Moreover, 
florfenicol decreased the severity of some of the 
lesions observed in lung (accumulation of eosinophilic 
substances in parabronchi) and liver (congestion and 
heterophil accumulation in portal area). Although it 
was not addressed in the present study, these effects of 
florfenicol at cellular level may improve organ function 
and subsequently expedite the recovery and escalate 
health status of the bird. Regarding the lymphoid organs, 
administration of florfenicol resulted in remarkable 
decrease of lesion severity especially with regard to the 
spleen which was the most affected lymphoid organ 
in IT birds. Depletion of lymphoid tissue was observed 
in spleens, thymus and bursa of Fabricius of birds in 
IT group. Lymphocytic depletion of bursa and thymus 
of chickens infected with E. colihas been previously 
reported by Nakamura et  al., [17]. Interestingly, 
florfenicol administration protected these organs 
against lymphoid tissue depletion and even resulted in 
mild hyperplasia of white pulp in the spleen of chickens 
in ITF group. Consistently, in a study by Lis et  al. [14], 
florfenicol increased percentage and absolute number of 
T lymphocytes in mesenteric lymph nodes of mice.

An important question is that whether the observed 
effects of florfenicol in this study are related to its 
antibacterial effect (reversal of lesions and changes 
after bacterial clearance) and/or its plausible 
immunomodulatory effects? As it was confirmed by 
the results related to bacterial count performed on liver 
samples, birds in both infected groups were still afflicted 
with systemic colibacillosis. Interestingly, although 
the bacteria were sensitive to florfenicol (based on 
sensitivity test), administration of this drug was not 
associated with a drastic decrease in bacterial load at 
the time of sampling. This can be related to the fact that 
florfenicol administration in this study was continued 
for relatively short period (3  days) before sampling and 
a very high load of bacteria was used for inoculation as 
it is a routine procedure in studies that use experimental 
models of colibacillosis. Therefore, there is a high 
chance that the observed beneficial effects are related 
to the immunomodulatory effects of the drug, although 

we cannot completely rule out the possibility that 
antibacterial effects of the drug could be still involved 
since we could not count bacteria in all afflicted organs.

In conclusion, experimental E. coli infection of chickens 
by intratracheal route results in remarkable inflammatory 
responses associated with changes in serum cytokine lev-
els (IL-10 and IFN-γ) as well as in biochemical (decreased 
A/G ratio) and hematological (severe left shit with pres-
ence of toxic myelocytes, leukocytosis and monocytosis) 
parameters. Histopathological lesions in lymphoid organs 
(especially in spleen) were also prominent in these birds. 
Florfenicol administration ameliorated inflammatory 
responses and improved many of the lesions when it has 
not yet dominated the bacteria. These anti-inflammatory 
and beneficial effects of florfenicol should be considered 
in pharmacotherapy decision-making process and might 
help clinicians select a more effective antimicrobial agent 
among options to which bacteria may be susceptible. Of 
course, effects of florfenicol (suppressive or stimulant) on 
other response parameters that have a role in host defense 
mechanisms and the outcome of chickens with colibacillo-
sis need to be clarified in future studies.
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