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1 | INTRODUCTION

Low pathogenic avian influenza (LPAI) H9N2 virus and infectious bron-

chitis virus (IBV) are both considered important culprits for respiratory

Najmeh Mosleh® @ | Habibollah Dadras* |

Abstract

Background: Effect of antibacterials on mucociliary system and clinical outcome of
chickens with mixed viral respiratory conditions is not properly addressed.

Objective: We evaluated enrofloxacin effects on clinical parameters and mucociliary
system of broilers challenged with H9N2/IB viruses.

Methods: Broilers (105), at the age of 25 days, were randomly allocated into three
groups: Group 1 (negative control), no treatment; Group 2 (positive control [PC])
challenged by intranasal and intraocular route. Group 3 (antibiotic [AB]-treated) chal-
lenged and also received enrofloxacin started after manifestation of clinical signs (day
2 post-challenge [pc]) and continued for 5 days.

Results: Administration of AB was not associated with appreciable changes in body
weight, feed conversion ratio (FCR) or the severity of clinical signs although it slightly
reduced mortality rate as compared to PC group (p > 0.05). Virus shedding period
and number of virus positive tracheal and caecal tonsil samples were also statisti-
cally similar between PC and AB groups. In necropsy, the most profound effect of AB
was decreased pleuropneumonia severity score on day 12 pc. Histopathological lesion
scores were statistically the same between PC and AB groups. However, the adminis-
tration of AB increased the number of tracheal goblet cells, with no effect on ciliostasis.
Conclusions: We found a weak positive effect of enrofloxacin administration in
H9N2/IB-infected chickens. Considering the risks of AB treatment in broiler chickens,
the results of this small-scale study do not encourage the benefit of enrofloxacin use in

these viral diseases.
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problems even in vaccinated broilers. Co-infection with these viruses
is often observed, which results in the exacerbation of respiratory con-
dition with striking economic loss (Belkasmi et al., 2020). Secondary

bacterial infections following damage of the respiratory tract are
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common and put more burdens on the bird body system, which leads
to an increased rate of mortality among infected birds (Hassan et al.,
2017).

Regarding the urgent need for the prudent use of antibacterials,
the administration of these agents in viral poultry diseases is not
supported by organizations like FAO (2021Magnusson). However,
broad-spectrum agents may be prescribed for flocks with IB or LPAI
to reduce the sequela of secondary bacterial infections and sub-
sequent precipitation of clinical signs (Ennaji et al., 2020; Swayne
et al., 2021). Immunosuppression occurs in bird flocks infected with
H9N2 LPAI (Yehia et al., 2023); consequently, opportunistic bac-
teria like Escherichia coli can aggravate the clinical condition, and
therefore, antibacterial therapy may help in controlling the disease
and reducing economic loss (Bano et al., 2003; Zhang et al., 2020).
On the other hand, extensive use of antibacterials increases the
risk of antimicrobial resistance as well as drug residue violations
in edible tissues of the chicken. Acquiring knowledge on the risk-
benefit balance of antibacterial use in order to prevent secondary
bacterial infections in poultry flocks with viral diseases is highly
demanded.

Apart from direct effects on bacteria, antibacterials may show
ancillary effects that are important determinants of their therapeutic
outcome. For instance, immunomodulatory effects of tilmicosin, flor-
fenicol and enrofloxacin are well-defined. Khalifeh et al. (2009) showed
that these agents reduce the humoural immune response while accel-
erating cell-mediated immune response in chickens vaccinated against
Newcastle disease.

Innate immunity is also important in confronting respiratory
pathogens and the respiratory system exploits cilia, mucus and phago-
cytic cells as parts of the innate immune system to fight back against
infections (Gray et al., 2021); in fact, proper functions of cilia in the
upper respiratory tract and mucociliary clearance are important as the
first line of defence against opportunistic bacteria (Jackwood et al.,
2015).

It has been previously described that certain macrolide antibi-
otics (ABs) (Takeyama et al., 1993) as well as ciprofloxacin (Takemura
et al.,, 1996) increase the ciliary beat frequency of rabbit-cultured tra-
cheal epithelium, whereas macrolides can decrease mucus secretion
by the nasal epithelium of rats (Shimizu et al., 2003). In chickens with
IB, epithelial hyperplasia, ciliary loss and necrosis, and inflammatory
cell infiltration, including heterophils, macrophages and natural killer
cells, are observed (Zhang et al., 2021). Discontinuation of respiratory
epithelium and loss of cilia are reported in chickens challenged with
H9N2 LPAI virus (Jaleel et al., 2017).

There is no previous experiment on the effect of antibacterials on
parameters related to mucociliary system and outcome of disease
in chickens with mixed viral respiratory conditions. In the current
study, we evaluated the effects of enrofloxacin administration to
broilers challenged with H9N2/IB viruses on birds’ performance
parameters, clinical signs, gross and histopathological lesions, virus
shedding as well as number of tracheal goblet cells and ciliary activity

scores.

2 | MATERIALS AND METHODS

2.1 | Study design
One hundred and five Hubbard broiler chickens from both sexes were
purchased at the age of one day. Birds were randomly allocated into
three equal groups (h = 35 each in five replicates) and transferred
into separate rooms under biosecurity conditions. Birds were reared
in cages as indicated by the Hubbard rearing manual and had free
access to feed and water during the experiment. No vaccination was
performed during the experiment. At the age of 25 days, birds were
weighed and treated as follows: Group 1 (negative control [NC] birds)
received no treatment; Group 2 (positive control [PC] birds) challenged
with 100 pL of allantoic fluid containing 10°EID50/mL of IB virus
(793/B serotype IRFIBV32) as well as 100 pL of allantoic fluid con-
taining 107-2EID50/mL of H9N2 LPAI (A/Chicken/Iran/772/1998). For
both viruses, 50 pL of the fluid was administered by intranasal and
50 plL by intraocular route. Group 3 (AB-treated birds) was challenged
as above and also received enrofloxacin (Kimiaenro+Na® 10%, Kimia
Faam Pharmaceutical Co.) at the dosage of 1 mL/L of drinking water
as indicated by the manufacturer. Enrofloxacin administration was
started after the manifestation of clinical signs (day 2 post-challenge
[pc]) and continued for 5 consecutive days.

Procedures used in the present study are approved by institutional
ethical committee (95GCU2M163723) and are in accordance with
Directive 2010/63/EU.

2.2 | Performance parameters and clinical signs

Ondays 1, 3, 6, 9 and 12 pc, the severity of the signs was scored in a
scale of 1-4. Normal birds with no sign scored 1, score 2 was assigned
to birds with watery eyes or mucus in their nares, the presence of
watery eyes and mucus in nares scored 3 and finally birds with watery
eyes and mucus in nares as well as tracheal rales scored 4 (Jackwood
et al., 2010). Birds were weighed and feed consumption and feed con-
version ratio (FCR) were determined for each group at the end of the
experiment (day 12 pc or at the age of 37 days). Mortality was also

recorded daily.

2.3 | Gross and histopathology

On days 3, 6, 9 and 12 pc, five birds from each group were randomly
selected and euthanized. Carcasses of these birds as well as birds
that died during the experiment were grossly evaluated for lesions.
Lesions in the respiratory system of euthanized birds were scored
from 1 to 4 (1 = no lesion, 2 = mild lesions, 3 = moderate lesion and
4 severe lesions were observed). Lesions for scoring were included of
tracheal hyperaemia, tracheal exudates, tracheal casts, casts in syrinx,
lung congestion, pleuropneumonia and air sacculitis (Jaleel et al., 2017
with little modification). Changes in liver, kidney and spleen were

considered qualitatively.
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TABLE 1 Primer sequences used for building cDNA of infectious bronchitis and H9N2 avian influenza viruses.
Target gene Primer sequence Product size (bp) Reference
SX3(F) 5'-TAATAC TGG CAATTT TTC AGA TGG-3’ 390 Ghalyanchi-Langeroudi et al. (2015)
SX4 (R) 5’-AAT ACA GAT TGC TTACAA CCACC-3
H9F 5’-CTY CAC ACA GAR CAC AAT GG-3 488 Lee et al. (2001)
H9R 5’-GTCACACTTGTTGTT GTRTC-3’
TABLE 2 Performance parameters, clinical scores and mortality rate of different groups.
Body weight (g) Clinical signs score
Days post-challenge
Groups Day 25 Day 37 FCR 3rd 6th 9th 12th Mortality
NC 1100 + 452 2240+ 1112 1.98 1+0° 1+0° 1+0° 1+0° 0/15°
PC 1094 + 342 2111+ 118° 2.18 2.7 + 0.67° 3.2 + 0.42° 2.8 + 0.79° 2 + 0.672 il
AB 1100 + 452 2181+ 1152 2.15 2.7 + 0.67° 3.2 + 0.42° 2.8 + 0.79° 21+ 0.74° 2/15b

Note: Data for parameters other than FCR and mortality rate are presented as mean + SD. Different superscript letters show significant difference in a column
(b < 0.05). NC: negative control (no treatment); PC: (positive control) birds that challenged with H9N2 and infectious bronchitis viruses; AB: challenged birds
that received enrofloxacin in drinking water after appearance of symptoms for 5 consecutive days.

Middle part of the trachea was dissected, and after formalin fixation,
haematoxylin and eosin-stained slides were prepared and examined
under light microscope for histopathological changes. The severity of
lesions was scored based on the severity of epithelial changes, lympho-
cytes infiltration, loss of cilia and oedema in lamina propria from 1 to 4
(1 = least severe and 4 most severe lesions) (Amanollahi et al., 2021).

24 | Goblet cell counting

To count the number of goblet cells, three slides of tracheal tympanum
from each bird were prepared on days 3 and 6 pc and stained with peri-
odic acid-Schiff method. The numbers of goblet cells were counted in
5 fields of each slide at the magnification of 40, and the mean of 15
counts was considered the number of goblet cell/field for each sample
(Abbasnia et al., 2020).

2.5 | Ciliostasis test

After washing trachea in Hank’s buffer, tracheal rings with the thick-
ness of 2 mm were prepared from upper (three rings), middle (four
rings) and lower (three rings) parts of the trachea on days 3 and 6 pc.
The rings were placed in micro titre plates containing Dulbecco’s Mod-
ified Eagle Medium and were shaken gently at 37°C for few minutes.
The activity of cilia was examined under an inverted microscope and
scored as O = 100%, 1 = 75%, 2 = 50%, 3 = 25% and 4 = 0% ciliary
activity (Snyder et al., 1983).

2.6 | Virus detection period
On days 3, 6, 9 and 12 pc, samples from the middle part of trachea
and caecal tonsils of five birds from each group were collected under

sterile conditions and kept at —70°C. Fifty milligrams of each sample

were homogenized in PBS and RNA extraction was performed by using
RNX-PLUS (Sinaclon). Extracted RNA was quantified by a nanodrop
spectrophotometer (Eppendorf BioSpectrometer, Eppendorf Inter-
national). PrimeScript RT Reagent kit (Takara Bio.) was used to build
cDNA. The primer pair used for each virus is shown in Table 1. The
duplex RT PCR was performed by using Red Load Taq Master Mix
(Jena Bioscience). The reaction mixture contained master mix: 12.5 pL,
Taq polymerase: 0.5 pL, Primer H9F (10 pmol/pL): 1 pL, Primer H9R
(10 pmol/uL): 1 pL, Primer SX3F (10 pmol/uL): 1 pL, Primer SX4R
(10 pmol/pL): 1 pL, DW: 4 pL, cDNA: 4 pL in a total volume of 25 pL.
The PCR condition was as follows: primary denaturation 3 min at 94°C,
denaturation 30 s at 94°C, binding 30 s at 50°C, amplification 35 s
at 72°C and final amplification 10 min at 72°C. Allantoic fluids that
contained H9N2 or IB viruses were used as PCs. Four microlitres of

the product were used for 2% agarose gel electrophoresis.

2.7 | Statistical analysis

Data were analysed by ANOVA method followed by Tukey’s multiple
comparison test or Kruskal-Wallis followed by Dunn’s multiple com-
parison test where appropriate. Data related to virus detection period
and mortality were analysed by Fisher’s exact test. The condition
p < 0.05 was considered the level of significance for all comparisons.
Data analysis and preparation of graphs were performed by GraphPad
Prism 6 software.

3 | RESULTS

3.1 | Performance parameters, severity of clinical
signs and mortality rate

Table 2 summarizes data related to body weight, FCR and severity of

clinical signs in different groups. Birds in PC and AB groups showed a
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slight decrease in body weight as compared to NC group (p > 0.05) at
the end of the experiment. FCR was lower in NC group as compared to
birds in PC and AB groups. The severity of clinical scores was signifi-
cantly higher in birds of PC and AB groups as compared to NC birds on
days 3, 6 and 9 pc. On 12th day, the severity of clinical signs was sta-
tistically the same among all groups (p > 0.05). At none of the sampling
time points, the administration of enrofloxacin appreciably affected the
severity of clinical signs as compared to PC birds (p > 0.05). No mor-
tality was observed in birds of the NC group during the experiment.
Birds in PC group showed slightly higher mortality than AB-treated
birds (p > 0.05).

3.2 | Gross pathological findings

Necropsy findings of birds that died during the course of experiment
mostly included mild-to-moderate tracheal hyperaemia, presence of
casts in syrinx, mild-to-moderate inflammation of kidney and spleen,
air sacculitis and pleuropneumonia. These lesions were not scored and
only addressed qualitatively. No euthanized bird showed the pres-
ence of tracheal casts or casts in syrinx. The scores of gross lesions in
each group are summarized in Table 3. The severity of tracheal lesions,
including hyperaemia and the presence of exudative secretions in PC
and AB groups, was reduced by day 9 of the experiment, whereas no
change in congestion of lungs was observed until day 12 pc. The most
profound effect of AB administration was the reduction of pleuropneu-
monia severity score on day 12 pc as compared to PC group (p < 0.05).
Although the severity of air sacculitis in birds of AB group was lower
than PC birds ondays 6, 9 and 12 pc, the difference was not statistically
significant (p > 0.05).

3.3 | Histopathological findings

No lesion was observed in the trachea of NC group (Figure 1a).
Histopathological changes, including tracheal epithelial changes,
lymphocytes infiltration, loss of cilia and oedema in lamina propria,
were observed in birds of PC (Figure 1b) and AB groups (Figure 1c)
from day 3 pc and fulminated on 9th day. Consistent with clinical signs,
the severity of histopathological changes in these groups decreased in
12th day pc, whereas the scores remained significantly higher than NC
group (p < 0.05). At all sampling time points, the administration of AB
was not associated with a significant amelioration of histopathological
changes as compared to PC birds (p > 0.05). Data are shown in Table 4.

3.4 | Number of goblet cells

The numbers of goblet cells counted in tracheal samples obtained on
days 3 and 6 pc are shown in Figure 2. On day 3 pc, a slight insignifi-
cant increase was observed in the number of goblet cells of PC group
as compared to NC birds, whereas birds in AB group had a signifi-

cantly higher number of goblet cells as compared to NC (p < 0.01) but

TABLE 3 Gross pathological scores (median) of lesion in respiratory tract of different groups.

Gross pathological scores

Days post-challenge

12th

9th

6th

3rd

Groups
TH
NC

TC CC IC PP AS TH TE TC CC ILC PP AS TH TE TC CC |IC PP AS TH TE TC CC |IC PP AS
0 0 02 0? 02 02 02 02 0? 02 0? 0? 0? 0?

0?2

TE

0?2

0?2

02

0?2

0?

0?2

0?2

02

02

0?2

0?2

0?2

0?2

2b 02 02 1b 0 1b 2b 1ab 02 02 1b 1b 2b 1b 02 0? 02 1b 1b 2b 1b 02 02 0? 1b 3b 3b

2b

PC
AB

2b 02 02 1b 02 1b 2b 2b 02 0? 1b 1b 1ab 1b 02 02 02 1b 1b 1ab 1b 02 02 0? 1b 02 1ab

2b

Note: Different superscript letters show significant difference in a column (p < 0.05). NC: negative control (no treatment); PC: (positive control) birds that challenged with H9N2 and infectious bronchitis viruses;

AB: challenged birds that received enrofloxacin in drinking water after appearance of symptoms for 5 consecutive days.

Abbreviations: AS, air sacculitis; CC, casts in syrinx; LC, lung congestion; PP, pleuropneumonia; TC, tracheal casts; TE, tracheal exudates; TH, tracheal hyperaemia.
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FIGURE 1 Representative photomicrographs of tracheal tissue in negative control (a), positive control (b) and enrofloxacin-treated (c) birds on
day 3 post-challenge (periodic acid-Schiff [PAS] staining, 40x; scale bar: 20 pm). Lymphocytes infiltration, loss of cilia (arrows) and oedema in
lamina propria are present in birds of positive control and enrofloxacin-treated groups.

TABLE 4 Histopathological lesion scores (mean + SD) of trachea
in birds of different groups.

Histopathological lesion score

Days post-challenge

Groups  3rd 6th 9th 12th

NC 11 +0.18 11 +0.18° 1+0° 1+0°
PC 24 + 043" 313 + 056> 373 +028> 27 + 0.64°
AB 24 + 055" 313 +0.38> 354 +038" 26 +043°

Note: Different superscript letters show significant difference in a column
(p < 0.05). NC: negative control (no treatment); PC: (positive control) birds
that challenged with H9N2 and infectious bronchitis viruses; AB: challenged
birds that received enrofloxacin in drinking water after the appearance of
symptoms for 5 consecutive days.

not PC group (p > 0.05). On day 6 pc, the number of goblet cells was
significantly higher in tracheal samples of PC and AB groups as com-
pared to NC birds (p < 0.0001) and administration of AB increased this
parameter as compared to PC group (p < 0.05).

3.5 | Ciliostasis score

On both sampling time points, the ciliary activity in tracheal rings of
birds in PC and AB groups was reduced which was manifested by sig-
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FIGURE 2 The number of goblet cells/microscopic field (mean and
SD) of periodic acid-Schiff (PAS)-stained tracheal samples from birds
in different groups on days 3 and 6 post-challenge with H9N2 and
infectious bronchitis viruses. Different superscript letters show
significant difference among columns in one sampling time point

(p <0.05).

nificantly higher ciliostasis scores compared to NC birds (p < 0.0001).
Administration of enrofloxacin did not significantly affect ciliary activ-
ity as compared to PC birds (p > 0.05 for both sampling time points).
Data are shown in Figure 3.
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FIGURE 3 Theciliostasis scores (mean and SD) of tracheal
samples from birds in different groups on days 3 and 6 post-challenge
with H9N2 and infectious bronchitis viruses. Different superscript
letters show significant difference among columns in one sampling
time point (p < 0.05).

3.6 | Virus detection period

As previously stated, samples from trachea and caecal tonsils of
five birds from different groups were collected on days 3, 6, 9
and 12 pc, and virus detection was performed by duplex RT-PCR
(Figure 4).

The results related to virus detection on different days are shown in
Table 5. None of the samples which were collected from NC birds con-
tained H9N2 or IB viruses. For H9N2, virus was detected in tracheal
(2/5) and caecal samples (1/5) of PC group from day 3 pc. The highest
level of virus detection was on day 6 pc in this group (1/5 in tracheal
samples and 3/5 in caecal tonsil samples). All samples were negative
on day 12 pc. Like PC group, virus positive samples (2/5 in trachea

and 1/5 in caecal tonsils) were detected in birds from AB group from

500 bp | S—

day 3 pc, and the highest levels of positive samples were detected on
day 6 (2/5 and 4/5 in tracheal and caecal samples, respectively). For
IB virus, 4/5 of tracheal and caecal tonsil samples were positive on
day 3 pc in both PC and AB groups. All tracheal samples and 4/5 of
caecal tonsil samples were virus positive on days 6 and 9 pc in these
groups. On day 12, 3/5 of both types of samples remained positive
in PC and AB groups. No significant difference was observed in the
positivity ratio of samples between PC and AB groups for both viruses
(p>0.05).

4 | DISCUSSION

In a parallel controlled experimental study, we evaluated the effect
of enrofloxacin as a broad-spectrum antibacterial agent on the clini-
cal outcome and mucociliary activity of respiratory system in broilers
challenged with HPN2 and IB viruses. The results showed that except
for the severity of pleuropneumonia on day 12 pc, administration of
this AB was not associated with significant improvements in perfor-
mance, mortality or clinical outcome of birds; neither it changed virus
detection period nor the number of virus positive birds.

As previously stated, pleuropneumonia was observed in birds of
PC and AB groups from day 6 pc. The severity of this lesion was
most profound on day 12 pc in PC group, whereas birds in AB group
showed significantly lower severity score. The presence of this gross
pathological sign can be related to the complication of the disease
by secondary bacterial infections like mycoplasma and E. coli. It has
been clearly shown that in addition to immunosuppression (Yehia et al.,
2023), HIN2 AlV infection increases the expression of inflammatory
cytokines and promotes the proliferation and migration of proteobac-
teria, especially E. coli from chicken intestines due to damage to mucous
membranes and tight junctions (Li et al.,2018 ) Complication of H9N2

500 bp

FIGURE 4 Gel electrophoresis of duplex RT-PCR products. The 387 and 488 bp products are related to infectious bronchitis and H9N2
viruses, respectively. Lanes 1 and 11 are 100 bp marker, and lanes 2-7 are related to samples obtained from birds challenged with viruses. Lane 8 is
positive control for infectious bronchitis virus, and lane 9 is positive control for H9 gene of H9N2 virus. Lane 10 is negative control.
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TABLE 5 Thefraction of H9N2 or IB virus positive samples to total samples obtained from trachea and caecal tonsils of birds in different days

post-challenge.

Groups
H9N2 1B
Day post-challenge Tissue sample NC PC AB NC PC AB
3 Trachea 0/5 2/5 2/5 0/5 4/5 4/5
Caecal tonsil 0/5 1/5 1/5 0/5 4/5 4/5
6 Trachea 0/5 1/5 2/5 0/5 5/5 5/5
Caecal tonsil 0/5 3/5 4/5 0/5 4/5 4/5
9 Trachea 0/5 0/5 0/5 0/5 5/5 5/5
Caecal tonsil 0/5 1/5 1/5 0/5 4/5 4/5
12 Trachea 0/5 0/5 0/5 0/5 3/5 3/5
Caecal tonsil 0/5 0/5 1/5 0/5 3/5 3/5

Note: No significant difference was observed between positive control (PC) and enrofloxacin-treated (AB) birds.

Abbreviation: NC, negative control.

infections in broilers with E. coli results in exacerbation of pneumonia as
compared to birds only challenged with H9N2 virus (Jaleel et al., 2017).
Fluoroquinolones have broad antibacterial effects. Therefore, it seems
that by preventing bacterial complication of the viral respiratory dis-
eases, enrofloxacin has mitigated the severity of pneumonia in birds
and consequently resulted in slightly lower mortality rate. Whether
plausible effects of enrofloxacin on humoural or cell-mediated immune
responses are associated with this finding cannot be concluded from
the present study.

In the present study, although we observed no change in ciliary
activity, the number of tracheal goblet cells increased on day 6 pc
by antibacterial administration. Although avian respiratory tract has
considerable species-specific characteristics, like mammals, nonspe-
cific immune mechanisms, such as aerodynamic filtration, mucociliary
clearance and antimicrobial substances, play a pivotal role as the first
line of defence in the respiratory tract of avian species (Sutton et al.,
2018). The mucociliary system as a part of innate immune mechanism
has an important role in preventing the entrance of foreign agents
including pathogens to lower parts of respiratory tract. Respiratory
mucus secreted by goblet cells traps pathogens entering the airways,
and concerted cilia movements propel them outwards (Adivitiya et al.,
2021).

Tracheal ciliostasis is observed in chickens with IB, and the degree
of ciliostasis determines the degree of tracheal damage following IBV
infection (Tarpey et al., 2006). In a study by Petersen et al. (2012), all
tested LPAI viruses, including H9N2, were strong inducers of apopto-
sis upon infection in tracheal organ culture of chickens which resulted
in ciliostasis. Consistently, we observed ciliostasis in tracheal rings of
chickens challenged with H9N2/IB viruses which was not ameliorated
by administration of enrofloxacin.

It has been demonstrated that IBV results in the loss of goblet cells
in the tracheal mucosa of chickens (Nakamura et al., 1991); on the
contrary, Sun et al. (2019) showed that H9N2 viruses induce a severe
increase of goblet cells in the trachea of infected chickens. Therefore,
the increased number of tracheal goblet cells which was observed from

day 3ininfected groups of our study can be related to H?N2 but not IB
infection.

Administration of enrofloxacin could not ameliorate the severity of
tracheal lesions in histopathological evaluation, whereas it increased
the number of goblet cells in tracheal mucosa on day 6 pc.

Sialic acids (SAs) linked to galactose (Gal) in «2,3- and a2,6-
configurations are the receptors for avian and human influenza viruses,
respectively. In a study by Shen et al. (2011), it was demonstrated that
chicken tracheal ciliated cells express a2,3-linked SA, whereas goblet
cells mainly express a2,6-linked SA. Mucus, which is mainly composed
of goblet cell-secreted mucins, not only entraps foreign pathogens and
particles but also acts as a reservoir of host-protective molecules (Adiv-
itiyaetal., 2021). Therefore, the increased number of goblet cells which
was observed due to enrofloxacin administration in AB group may help
in entrapping and defence by possible increase in mucin secretion. This
increasing effect of enrofloxacin on tracheal goblet cell number should
be considered conservatively, as muco-obstruction can be detrimental
especially with regard to the fact that we did not find the improved
activity of cilia or amelioration of histopathological lesions of trachea
due to AB administration.

Altogether, the administration of enrofloxacin as a broad-spectrum
antibacterial agent to broilers challenged with H9N2/IB viruses was
not associated with appreciable positive effects on most of the param-
eters which were evaluated in this study, including mortality, clinical
signs, histopathological lesions and virus detection period in tra-
chea and caecal tonsil. Although AB-treated birds showed less severe
pleuropneumonia on day 12 pc, possibly due to protection against sec-
ondary bacterial infections, the effect of enrofloxacin on mucociliary
system was inconclusive.

In conclusion, we found a weak positive effect of enrofloxacin
administration in H9N2/IB-infected chickens. Considering the risks of
AB treatment in broiler chickens, the results of this small-scale study
do not encourage the benefit of enrofloxacin use in these viral diseases,
although performing future risk-benefit balance studies on a large
number of birds and for longer periods following infection is suggested.
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