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Abstract

Antibiotic-resistant Escherichia coli infection of poultry causes significant economic losses. Extended
spectrum B lactamases (ESBL) producing E. coli was inoculated in a broiler, Rhode Island Red and
Haringhata Black birds orally at 56x10% c.f.u. mL?! for induction of diarrhoea. Pharmacokinetics of
ceftriaxone-tazobactam combination (8:1) was studied following a single intramuscular injection at 28.125
mg kg and the combination was administered twice daily to treat such infection. Plasma concentration of
both ceftriaxone persisted up to 8 h in experimental birds and maintained an approximate ratio of 8:1 with
tazobactam for a period of 2 h, 0.25 h and 0.75 h, respectively in a broiler, Rhode Island Red and
Haringhata Black birds. The Ke was significantly lower in all experimental birds compared to healthy birds.
Efficacy study was conducted in diarrhoeic birds by administration of ceftriaxone-tazobactam combination
at 28.125 mg kg body weight twice daily intramuscularly for three days which caused an increase in
specific antibody titre in the broiler on 5" day and in Rhode Island Red birds 10" day. However, Haringhata
black birds were inherently showed more resistance towards the infection. The combination of ceftriaxone
and tazobactam in the ratio of 8:1 can be an effective treatment to combat ESBL producing E. coli
infections.

©2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons
Attribution license (http.//creativecommons.org/licenses/by/4.0/).
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Introduction

The poultry sector continues to grow rapidly in many parts of the world. The poultry sector is broadly
divided into two sub-sectors, one is the highly organized commercial sector with about 80 % of the total
market share and the other being the unorganized sector with about 20 % of the total market share in India
[1]. The unorganized sector is also referred to as backyard poultry which plays a key role in supplementary
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income generation and family nutrition to economically weaker sections (EWS) in India. The Rhode Island
Red, an American breed of chicken (Gallus gallus domesticus) is a backyard dual-purpose poultry reared by
the EWS section of people for its egg-laying ability and hardiness. Whereas Haringhata Black is an
indigenous poultry breed found in the northern part of North 24 Parganas and southern part of Nadia
districts of West Bengal, India. Escherichia coli infections have various disease expressions in domestic
birds, including salpingitis, synovitis, omphalitis, and/or chronic respiratory disease. Colibacillosis is one of
the principal causes of morbidity and mortality in the poultry industry and it is responsible for significant
worldwide economic losses [2]. The experimental use of vaccines against E. coli has had limited success due
to the antigen used and the methods of inactivation and administration. Vaccination of broiler breeding
hens with homologous E. coli had demonstrated that maternally derived antibodies protected against
colibacillosis for only two weeks post-hatching [3,4]. Recommended treatment protocols for E. coli
infections include antibiotics with a broad spectrum of activity and sulpha drugs. However, isolates of E. coli
from poultry are sometimes found to be resistant to commonly used antibacterial drugs. Dhillon and Jack
reported failure of oxytetracycline treated feed to reduce losses during outbreaks of colibacillosis in
commercial caged layers [5]. In another study performed in Spain, Blanco et al. isolated a septicaemic strain
of E. coli resistant to fluoroquinolones [6]. Extended spectrum B lactamases (ESBLs) are plasmid-mediated B
lactamases that have the ability to hydrolyze B lactam antibiotics containing an oxyimino group (e.g.
ceftazidime, ceftriaxone, cefotaxime or aztreonam). These ESBLs were most commonly found in Klebsiella
pneumoniae, but are being increasingly found also in E. coli, Proteus mirabilis and other members of the
Enterobacteriaceae. The vast majority of ESBLs are derivatives of TEM-1 (the common plasmid-mediated B
lactamase of organisms such as E. coli) or SHV-1 (the common chromosomally mediated B lactamase of K.
pneumoniae). TEM-1 and SHV-1 can inactivate ampicillin but not the third-generation cephalosporins [7,8].
Such ESBL containing E. coli has already been isolated from backyard poultry in India [9,10]. The infections
caused by ESBL strains of E. coli were often associated with nosocomial epidemics, and no clear association
with food consumption or contact with animals was noticed. But, sometimes poultry meat is also consumed
without proper boiling, which may be a source of resistant E. coli infections in consumers. Hussain et al.
reported that prevalence rates of ESBL producing E. coli was 46 % among broiler chicken meat and was 15
% among free-range/backyard chicken meat. E. coli isolated from broiler and free-range chicken meat
exhibited 68 % and 8 % prevalence rates, respectively, for multi-drug resistant E. coli [11]. Ceftriaxone is a
broad-spectrum cephalosporin with potent activity against Gram-positive and Gram-negative bacteria,
including Enterobacteriaceae, Heamophilus influenza, Streptococcus pneumonia and other non-
enterococcal streptococci [12]. Li et al. studied the pharmacokinetics of ceftriaxone in broiler poultry
following single intravenous administration at 50 mg kg and determined tissue residue level of ceftriaxone
in plasma, liver, kidney, heart, lungs and muscle tissue [13]. Pharmacokinetics study of ceftriaxone in layer
poultry following single-dose intravenous and intramuscular administration at 50 mg kg?! showed
favourable pharmacokinetic characteristics for its use as an effective antibiotic against septicemic diseases
of poultry [14]. Queenan et al. reported a minimum inhibitory concentration (MIC) of < 0.12 pug mL?* for
ceftriaxone against inoculums of 10° and 10° c.f.u. mL? of TEM-1 containing E. coli [15]. Tazobactam is an
inhibitor of a variety of plasmid-mediated B lactamases elaborated by some bacteria. The ceftriaxone and
sulbactam (another B lactamase inhibitor) combination was reported to be more effective than ceftriaxone
alone for the prevention of mutation in ESBL producing organisms in vitro with MPC (mutation prevention
concentration) of > 256 ug mL? for ceftriaxone-sulbactam combination and >512 pug mL™* for ceftriaxone
alone [16]. Whereas Payne et al. reported that tazobactam has greater B lactamases inhibitory activity than
sulbactam [17]. Ceftriaxone-tazobactam combination (8:1) therapy for ESBL producing E. coli infection

could be an attractive option. In our previous study, we reported the pharmacokinetics of ceftriaxone and
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tazobactam following intramuscular administration at 25 mg kg and 3.125 mg kg?, respectively, in the
broiler Haringhata Black and Rhode Island Red poultry [18]. Moreover, ceftriaxone-tazobactam combination
(8:1) at 28.1 mg kg?! intramuscularly twice daily for three days in poultry did not alter aspartate
transaminase and alanine transaminase activities significantly [19]. Therefore, the present research work
was undertaken to study the pharmacokinetic profile of ceftriaxone-tazobactam combination (8:1) in
healthy and ESBL E. coli infected broiler, Rhode Island Red and Haringhata Black birds following single
intramuscular dosing and to evaluate the efficacy of ceftriaxone-tazobactam combination (8:1) against ESBL
producing E. coli infection.

Experimental

Drugs and chemicals

Analytical grade ceftriaxone sodium (purity = 95 %) was obtained from Alembic Limited, Mumbai, India
and analytical grade tazobactam was obtained from Sigma Aldrich. All other chemicals used in the study
were obtained from E. Merck (India) and Sigma Chemicals Co., USA.

Experimental birds

A total of eighteen clinically healthy adult poultry (six poultry each of broiler, Rhode Island Red and
Haringhata Black) were collected from Instructional poultry farm, West Bengal University of Animal and
Fishery Sciences, Kolkata, India. The broiler birds were approximately 5 weeks of age and the Rhode Island
Red and Haringhata Black birds were approximately 12 weeks of age. All birds were quarantined for 14 days
period prior to the start of the experiment. Six birds of each breed were caged in three separate metabolic
cages made of stainless steel and provided with commercial grower feed with ad libitum potable drinking
water. All the experimental procedures were approved by the Institutional Animal Ethics Committee (IAEC),
West Bengal University of Animal and Fishery Sciences, India and conducted as per the ethical guidelines of
the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), India.

Pharmacokinetic study

The pharmacokinetic profile of ceftriaxone and tazobactam was studied in six healthy broiler birds (Gr
BCT-H), six Rhode Island Red birds (Gr RCT-H) and six Haringhata Black birds (Gr HCT-H) following single
intramuscular administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™. The same six
healthy broiler, Rhode Island Red and Haringhata Black birds were used for induction of diarrhoea by oral
inoculation of ESBL producing E. coli culture after allowing a washout period of 15 days. The
pharmacokinetic profile of ceftriaxone and tazobactam was also studied in these diarrhoeic broiler birds (Gr
BCT-D), Rhode Island Red birds (Gr RCT-D) and Haringhata Black birds (Gr HCT-D) following single
intramuscular administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™. Blood
samples were collected from the collateral wing vein at predetermined time intervals for estimation of each
individual drug concentration.

Efficacy study

For efficacy study, six apparently healthy birds each of broiler (Gr BE), Rhode Island Red (Gr RE) and
Haringhata Black (Gr HE) breed were used for induction of diarrhoea following oral inoculation of ESBL
producing E. coli. Following induction of diarrhoea, ceftriaxone-tazobactam combination (8:1) was
administered at 28.125 mg kg two times daily (at 12 h interval) intramuscularly for three days. The dosage
regimen was calculated on the basis of maintenance of plasma ceftriaxone concentration above MIC level
in a pharmacokinetic study. Treatment with a prescheduled dosage regimen of the ceftriaxone-tazobactam
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combination was employed on 7*-day post-inoculation in broiler and Rhode Island Red birds and on 8"-day
post-inoculation of the second challenge in Haringhata Black birds. All the birds were closely observed
during and after treatment up to a period of 1 month.

Induction of infection with pathogenic E. coli possessing ESBL genes

The pathogenic E. coli was isolated from broiler birds in a local poultry farm. The bird was 29 days old
and was suffering from diarrhoea followed by death. The strain belonged to 062 serogroup, pathogenic to
experimental chickens and possessed the genes for TEM (bla TEM). However, the strain was negative for
other ESBL genes such as bla CTX-M and bla SHV. The isolate was maintained at the Department of
Veterinary Microbiology, West Bengal University of Animal & Fishery Sciences, Kolkata. For induction of
diarrhoea in the experimental broiler, Rhode Island Red and Haringhata Black birds, 56 x 10% c.f.u. mL? of
the bacterial culture was inoculated by oral route. However, Haringhata Black birds did not show any
clinical sign following the initial challenge of ESBL producing E. coli (TEM-1) sub-culture (56 x 108 c.f.u. mL?).
Due to failure of the initial challenge, these birds were again inoculated orally with a higher second dose
(112 x 10® c.f.u. mL? subculture) after 21 days of oral inoculation with 56 x 10% c.f.u. mL? subculture of ESBL
producing E. coli

Antibiotic sensitivity test

The ESBL producing E. coli isolates were tested for their sensitivity and resistance to ceftriaxone and
ceftriaxone-tazobactam combination by disc diffusion method [20]. The result was interpreted as per the
CLSI guidelines or the standard information provided by the manufacturer.

Collection of samples

Blood samples (2 mL) were collected from the wing vein in heparinized test tubes at 0 (pre-dosing), 0.04,
0.08, 0.25, 0.5, 0.45, 1, 2, 4, 6, 8, and 12 h post-dosing. Plasma was then separated by centrifugation at
3000 rpm for 20 min and stored at 4 °C for pharmacokinetics analysis. Blood samples (1 mL) without
anticoagulant were collected from the experimental birds at a pre-inoculation time (0 day) and 3, 6, 9, 12,
15, 18 and 21 days post-inoculation of ESBL producing E. coli. The collected blood samples were allowed to
clot at 25 °C and the serum was collected in sterile vials. The serum samples were further centrifuged at
2500 rpm for 15 min, to remove residual RBC and it was stored at -20 °C until further analysis.

Faecal samples were collected following oral inoculation of ESBL producing E. coli and on 3™ day of
ceftriaxone-tazocactam treatment in the induced diarrhoeic birds for the efficacy study.

Estimation of ceftriaxone in plasma

Ceftriaxone concentration in plasma was estimated with the method of Sar et al. [21]. The mobile phase
was prepared with the method mentioned in United States pharmacopoeia (USP). The mobile phase
consisted of 44 mL of potassium phosphate buffer (pH 7.0), 4 mL sodium citrate buffer (pH 5.0), 400 mL of
HPLC grade acetonitrile, 3.2 g of tetraheptyl ammonium bromide and 552 mL of HPLC grade milipore water.
To 1 mL of plasma, 1 mL acetonitrile (HPLC grade) was added for deproteinisation and shaken vigorously for
1 min followed by centrifugation at 5000 rpm for 20 min. The supernatant was collected and filtered
through 0.2 um membrane filter. The sample filtrate volume was adjusted to 1 mL with acetonitrile and 20
uL of the sample was injected into high-performance liquid chromatography (HPLC). Measurement was
performed at a wavelength of 254 nm.

Estimation of tazobactam in plasma

A binary mobile phase consisting of 25 mM potassium dihydrogen phosphate buffer, pH 6.2 and
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acetonitrile (94:6, v/v) was used for the estimation of tazobactam. Extraction of tazobactam was done with
the method of Ocampo et al. To 0.5 mL of plasma sample, 0.5 mL of mobile phase and 3 mL of acetonitrile
was added and vortexed for 3 min. The whole mixture was centrifuge at 2000 rpm for 10 min and the
supernatant was decanted into a test tube containing 3 mL of dichloromethane. The whole mixture was
vortexed for 1 min followed by centrifugation at 3000 rpm for 10 min. 20 plL of the aqueous layer was
injected into HPLC for the estimation of tazobactam concentration [22]. Measurement was performed at a
wavelength of 210 nm [23].

Instrumental condition

SHIMADZU LC-20 AT liquid chromatograph coupled with photo diode-array (PDA) detector attached
with computer SPD-MXA 10 software was used for the analysis of the drugs. 5y Luna C18 (2); 250 x 4.6 mm
(RP) column was used and 1.5 mL min™! flow rate was maintained.

Pharmacokinetic parameters

Pharmacokinetic parameters of ceftriaxone and tazobactam were determined from the computerized
curve fitting programme “PHARMKIT” supplied by the Department of Pharmacology, JIPMER, Puducherry,
India. The data obtained from this programme in healthy and diseased birds were analysed for deriving
some of the pharmacokinetic parameters as per standard formulae of Baggot [24]. The fitted
pharmacokinetic parameters were MRT, 8, t 8, AUC, Vdarea, Cls, Cmax and Tmax While the extrapolated
pharmacokinetic parameters were A, B, K, ty Ka, Vd., Vdss, K12, K21, Kei, fe and T~P.

Bacterial colony count

Bacterial colony count of faecal samples was conducted with the standard protocol by Quinn et al. [25].
The cloacal swabs were collected from the studied birds using sterile cotton swabs (HiMedia, India) and
placed into a sterile transport medium (Hi-Media, India). The cloacal swabs were stored at 4 °C, and the
content was processed for bacteriological enumeration on the same day of collection. The swab content
was serially diluted to 10 folds with sterile phosphate buffer saline solution (PBS). From 1072 and 10
dilution, 10 pL was placed on eosin methylene blue (EMB) Agar (HiMedia, Mumbai, India) for E. coli. The
plates were incubated aerobically at 37 °C for 24 hours. The typical colonies were enumerated in a colony
counter (Digital colony counter, LA663, HiMedia, India) and the numbers were expressed as colony-forming
units (c.f.u.) per gram.

I-ELISA

To detect anti E. coli antibody in serum samples of diarrhoeic broiler, Rhode Island Red and Haringhata
Black bird, plate ELISA was performed based on principles of i-ELISA as per Mockett et al. [26] with some
modifications. The original protocol detected the titer at 405 nm. However, the present study detected the
titer at 492 nm wavelength.

Preparation of somatic antigen

The laboratory maintained strain of ESBL producing E. coli was revived on a trypticase soy broth (TSA)
slant. It was then transferred to TSB and incubated at 30 °C for 24 h. The cells were harvested by
centrifugation at 7500 rpm for 25 min at 4 °C. The cell pellets were washed with normal saline solution
(NSS) and finally re-suspended in 10 mL of the NSS. Sonication was performed after adding 25 mM of PMSF
and 24 mM of EDTA. The bacterial cell suspension in NSS was sonicated on the ice at the amplitude of 50
for 0.5 to 1 min, for each cycle giving 1 min interval in between. The process was repeated by 6-8 cycles.
Soluble sonicated extract was centrifuged at 7500 rpm for 25 min at 4 °C. The supernatant was collected
and the soluble protein (somatic antigen) was concentrated by sucrose [27].
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Statistical analysis

The data were expressed as mean + standard error (S.E.). The data were analyzed statistically using GLM
(General Linear Model) method, comparison through LSD (least significant difference) and t-test of IBM
SPSS statistic, version 21, 2012.

Results and discussion
Antibiotic sensitivity test

The ESBL producing E. coli isolates showed intermediate sensitivity for ceftriaxone and high sensitivity to
ceftriaxone-tazobactam combination (Figure 1). But, the ESBL producing E. coli isolates were resistant to
ampicillin, amoxicillin, streptomycin, cephalexin and cefotaxime.

Figure 1. Plate showing sensitivity pattern of only ceftriaxone and ceftriaxone-tazobactam (8:1) combination
against ESBL producing E. coli during antibiotic sensitivity test.

Standardization of the analytical techniques of ceftriaxone and tazobactam

The recovery percentages of ceftriaxone and tazobactam from plasma were 81.14 + 4.95 % and 83.01
3.6 %, respectively. Since the recovery percentages of both the drugs were more than 80 % in plasma, the
recoveries were found to be satisfactory. The limit of detection for both the drugs in plasma was 0.5 ppm
and sensitivity was 0.25 ppm. The linearity of calibration curves was checked for both the drugs and
linearity was found to be maintained in the range of 0.5 to 25 ppm for ceftriaxone and 0.5 to 10 ppm for
tazobactam in plasma. However, the retention time of ceftriaxone and tazobactam showed inter-day
variation.

Pharmacokinetics of ceftriaxone and tazobactam in healthy and ESBL E. coli infected broiler birds following
single intramuscular administration of ceftriaxone-tazobactam combination (8:1)

Ceftriaxone persisted for a longer duration of 8 h in BCT-D birds compared to BCT-H birds (Figure 2). The
elimination rate (B) of ceftriaxone is slower in the Gr BCT-D birds that corresponded with significantly
higher plasma concentrations at 2, 4 and 6 h and a 1.5-fold higher AUCo.in¢(Table 1). Tazobactam persisted
up to 6 h in BCT-D and BCT-H birds and maintained an approximate ratio of 1:8 with ceftriaxone up to 2 h.
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The elimination rate of tazobactam from the central compartment (K.) was significantly slower in BCT-D
birds (Table 2), which also corresponds with the higher plasma concentration of tazobactam at 2, 4 and 6 h.

100
~o—Group BCT-H (Ceftriaxone)

—8—Group BCT-D (Ceftriaxone)
—o—Group BCT-H (Tazobactam)

Group BCT-D (Tazobactam)

10

Plasma concentration of ceftriaxone and tazobactam (ug mL")

0.1

0 1 2 3 4 5 6 7 8 9
Time (h)
Figure 2. Semilogarithmic plot of plasma concentration of ceftriaxone and tazobactam in healthy (Gr BCT-H)

and ESBL E. coli infected broiler birds (Gr BCT-D) following single intramuscular administration of ceftriaxone-
tazobactam combination (8:1) at 28.125 mg kg™

Table 1. Pharmacokinetic parameters of ceftriaxone in healthy (Gr BCT-H) and ESBL E.
coli infected Broiler birds (Gr BCT-D) following single intramuscular administration of
ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg..

Kinetic Parameters Gr BCT-H Gr BCT-D
A (ug mL?Y) 23.47°+1.27 20.23 £ 0.86
B (ug mL™Y) 23.40"+1.25 20.15 + 0.85
Ka (h?) 42.16 £ 8.51 44.77 £7.29
t Ka (h) 0.0210.01 0.02 +£0.00
6 (h?) 0.69°+0.05 0.43+0.02
t» 6 (h) 1.03£0.07 1.62°+0.07
AUCo.in (1g h mL™) 34.86 £1.35 47.39"+2.63
Vdarea (L kg™) 1.09 £0.07 1.23£0.06
Cls (Lkg* h?) 12.34"+0.58 8.89+0.49
MRT (h) 1.45 +0.08 2.35"+0.10
vd. (L kg?) 0.54 +0.03 0.62"+0.03
Vdss (L kgl) 1.14 £ 0.08 1.28 £ 0.06
K1z (h) 20.11+4.23 21.79 £ 3.65
K1 (h) 21.38+4.25 22.55+3.63
Ker (h7%) 1.36"+0.10 0.86 +0.04
fe 0.51+0.00 0.50+0.00
T™P 0.96+0.01 0.98 +0.00
Cmax_calc (ug mL?) 21.18 + 1.47 19.00 + 0.89
Tmax_calc (h) 0.16 £0.03 0.15+0.01
T>MIC - 11.08 h (92 %)
F 0.14 0.12

Mean values in a raw bearing superscript * vary significantly (P < 0.05); [n=6]
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Table 2. Pharmacokinetic parameters of tazobactam in healthy (Gr BCT-H) and ESBL E.
coli infected broiler birds (Gr BCT-D) following single intramuscular administration of
ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg ™.

Kinetic Parameters Gr BCT-H Gr BCT-D
A (ug mL?) 3.37+0.22 3.06 +0.11
B (ng mL?) 3.42+0.21 3.10+0.13
Ka(h) 14.53 +3.12 11.91 +1.39
ts Ka (h) 0.06 +0.01 0.06 +0.01
8 (hY) 0.24"+0.01 0.19 +0.01
tx 8 (h) 2.99+0.18 3.72°+0.24
AUCo.inf (g h mL™) 15.02 +1.30 16.72 £ 0.74
Vdarea (L kg?) 0.96 +0.06 1.04 +0.05
Cle (Lkg*h?) 3.76 £ 0.34 3.32+0.16
MRT (h) 4.38+0.26 5.41"+0.38
vd. (L kg?) 3.76 £0.22 4.09+0.17
Vdss (L kg?) 7.89 £ 0.45 8.51+0.28
K1z (h) 6.90 + 1.56 5.66+0.71
K1 (h) 7.40 £1.55 6.06 + 0.68
Kei (h) 0.46* +0.03 0.37+0.02
fe 0.51+0.01 0.51+0.00
TP 0.95+0.02 0.96 +0.01
Cmax_calc (ug mL?) 3.09+0.17 2.83+0.09
Tmax_calc (h) 0.36 +0.05 0.39+0.03
F 0.16 0.15

Mean values in a raw bearing superscript * vary significantly (P < 0.05); [n=6]

Pharmacokinetics of ceftriaxone and tazobactam in healthy and ESBL E. coli infected Rode Island Red birds
following single intramuscular administration of ceftriaxone-tazobactam combination (8:1)

Ceftriaxone persisted up to 8 h in RCT-D birds (Fig. 3) with a Cmax value of 16.99 pug mL™. The Cnax value
was significantly lower in RCT-D birds which corresponds with significantly higher Vdae.. The slower
elimination rate (8) of ceftriaxone in RCH-D birds corresponds with the significantly higher AUCq.ins (Table 3).
Tazobactam persisted up to 6 h in both RCT-D and RCT-H birds and it maintained 1:8 plasma concentration
ratio with ceftriaxone for a much shorter time of 0.25 h. The mean value of K. was significantly higher in Gr
RCT-D birds (0.46 + 0.02 h'!) compared to Gr RCT-H birds (0.39 + 0.02 h'%) (Table 4).

Pharmacokinetics of ceftriaxone and tazobactam in healthy and ESBL E. coli infected Haringhata Black birds
following single intramuscular administration of ceftriaxone-tazobactam combination (8:1)

Ceftriaxone persisted for a longer duration in the plasma of HCT-D group (up to 8 h) compared HCT-H
group (up to 6 h) (Fig. 4). The elimination rate of ceftriaxone (8) is slower in Gr HCT-D group that
corresponded with the higher AUCo.int. The Cmaxwas significantly lower in HCT-D birds, which corresponds
with significantly higher Vdare. values (Table 5). Tazobactam was detected up to 8 h in both HCT-H and HCT-
D birds and maintained a plasma concentration of 1:8 with ceftriaxone up to 0.75 h (Figure 4). Mean values
of K,, K12 and K1 were significantly higher in Gr HCT-D birds compared to Gr HCT-H birds indicating rapid
absorption as well as distribution of tazobactam in diseased Haringhta Black birds (Table 6).
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Figure 3. Semilogarithmic plot of plasma concentration of ceftriaxone and tazobactam in healthy (Gr RCT-H)
and ESBL E. coli infected Rhode Island Red birds (Gr RCT-D) following single intramuscular administration of

ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg*.

Table 3. Pharmacokinetic parameters of ceftriaxone in healthy (Gr RCT-H) and ESBL E.
coli infected Rhode Island Red birds (Gr RCT-D) following single intramuscular
administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™.

Kinetic Parameters Gr RCT-H Gr RCT-D
A (ug mL?) 22.73°+0.31 18.34 + 1.00
B (ug mL?) 22.65"+0.29 18.28 + 1.00
K (h™) 32.46 + 4.48 33.78+4.24
ts Ka (h) 0.02 +0.00 0.02 +0.00
8 (h?) 0.70"+0.05 0.44 +0.01
t» 8 (h) 1.01 +0.06 1.57"+0.05
AUCo.inf (Lg h mL?) 33.66 +1.93 41.70"+1.67
Vdarea (L kg™?) 1.10+0.02 1.43"+0.11
Cle (Lkg'h?) 12.86"+0.86 10.45 + 0.59
MRT (h) 1.43 £ 0.08 2.25"+0.07
vd. (L kg?) 0.55+0.01 0.69"+0.04
Vds, (L kg?) 1.16 £ 0.02 1.43°+0.10
K1z (h) 15.24 +2.21 16.27 +2.12
K> (h?) 16.55 +2.25 17.08 +2.12
Kei (h) 1.37°+0.10 0.88 +0.03
fe 0.5110"+0.00 0.5063 + 0.00
TP 0.96 +0.01 0.98"+0.00
Crmax_calc (ug mL?) 20.21°+0.38 16.99 + 1.02
Tmax_calc (h) 0.17 +0.02 0.17 +0.02
T>MIC - 11.16 h (92.67 %)
F 0.14 0.11

Mean values in a raw bearing superscript * vary significantly (P < 0.05)
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Table 4. Pharmacokinetic parameters of tazobactam in healthy (Gr RCT-H) and ESBL E.
coli infected Rhode Island Red birds (Gr RCT-D) following single intramuscular
administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™.

Kinetic Parameters Gr RCT-H Gr RCT-D
A (ug mL?) 2.96+0.17 3.48°+0.19
B (ug mL?) 3.07+£0.15 3.47+£0.19
Ka (h) 13.28 £2.59 19.32+3.19
t. Ka (h) 0.07 £0.02 0.04£0.01
8 (h?) 0.20+0.01 0.23+0.01
t» 8 (h) 3.45+0.19 3.03+0.18
AUCo.inf (ug h mL™) 15.55 + 1.00 15.37 £1.30
Vdarea (L kg™) 1.05 £ 0.05 0.80+0.15
Cls (Lkgth?) 3.56£0.27 3.54+£0.26
MRT (h) 4.96"+0.28 428 £0.23
vd. (Lkg?) 4.19°+0.20 3.65+0.18
Vdss (L kg?) 8.96"+0.57 7.49+0.35
K12 (h) 6.31+£1.33 9.33+1.61
K> (h) 6.78 £1.26 9.76 £ 1.59
Kei (hh) 0.39+£0.02 0.46"+0.02
fe 0.52+0.01 0.51+0.00
TP 0.93+0.04 0.98 +0.01
Cmax_calc (ug mL?) 2.79+0.12 3.21"+0.15
Tmax_calc (h) 0.38+0.05 0.30+0.03
F 0.15 0.17

Mean values in a raw bearing superscript * vary significantly (P < 0.05); [n=6]

100

Plasma concentration of ceftriaxone and tazobactam (ug mL™!)

~®—Group RCT-H (Ceftriaxone)
—8—Group RCT-D (Ceftriaxone)
—o—Group RCT-H (Tazobactam)

Group RCT-D (Tazobactam)

0.1

o

4 5
Time (h)

6

Figure 4. Semilogarithmic plot of plasma concentration of ceftriaxone and tazobactam in healthy (Gr HCT-H)
and ESBL E. coli infected Haringhata Black birds (Gr HCT-D) following single intramuscular administration of
ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg ™.
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Table 5. Pharmacokinetic parameters of ceftriaxone in healthy (Gr HCT-H) and ESBL E.
coli infected Haringhata Black birds (Gr HCT-D) following single intramuscular
administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™.

Kinetic Parameters Gr HCT-H Gr HCT-D
A (ug mL?) 23.47°+1.27 18.41 + 0.94
B (ug mL?) 23.40°+1.25 18.34 +0.92
Ka(h%) 42.16+8.51 37.00 + 4.44
ty Ka (h) 0.02 £0.01 0.02 +0.00
8 (h?) 0.69"+ 0.05 0.44 +0.02
t 8 (h) 1.03 +0.07 1.59"+ 0.07
AUCo.inf (ug h mL™) 34.86 +1.35 42.32"+2.13
Vdarea (L kg?) 1.09 + 0.07 1.39"+0.08
Cls (Lkg* h?) 12.347+0.58 10.19 + 0.57
MRT (h) 1.45 +0.08 2.29°+0.10
vd. (L kg?) 0.54 +0.03 0.69"+0.03
Vds, (L kg?) 1.14 +0.08 1.41"+0.07
K12 (h) 20.11+4.23 17.88 +2.23
Kz (h™) 21.38 +£4.25 18.68 +2.21
Ke (h) 1.36"+0.10 0.87 +£0.04
fe 0.51+0.00 0.51+0.00
TP 0.96 +0.01 0.98 +0.00
Crmax_calc (ug mL?) 21.18"+1.47 17.12 £+ 0.94
Tmax_calc (h) 0.16 + 0.03 0.17 £0.02
T>MIC - 11.24 h (93.3 %)
F 0.13 0.10

Mean values in a raw bearing superscript * vary significantly (P < 0.05); [n=6]

Efficacy study

The efficacy of the treatment schedule was evaluated on the basis of feacal E. coli count though the
particular counting of ESBL producing E. coli (TEM-1) could not be performed (Table 7). The feacal E. coli
count reduced considerably in all the three groups following treatment with the ceftriaxone-tazobactam
combination (8:1) at 28.125 mg kg™ twice daily for three days. However, a significant number of E. coli were
still present even after the recovery of the birds from diarrhoea because a large number of beneficial E. coli
remain as a commensal organism in the intestine of birds and specific ESBL producing E. coli could not be
counted by the present method.

Antibody titre

Broiler (Fig. 5a) and Rhode Island Red (Fig. 5b) birds showed lower antibody response during the 5™ day
of post-inoculation, but Haringhata Black birds showed higher antibody response during the 15" day of first
inoculation (Fig. 5¢). The clinical signs of diarrhoea were observed in broiler and Rhode Island Red birds but
antibody titre did not increase significantly on day 5 (during the infection period) compared to 0 day. The
antibody titre was increased significantly after 5 days of treatment with ceftriaxone-tazobactam (8:1)
combination in broiler and 10 days of treatment in Rhode Island Red birds. Whereas in the case of
Haringhata Black birds no diarrhoea was observed after initial inoculation of ESBL E. coli, but antibody titre

increased significantly on 15 days compared to O day due to natural resistance. However, following re-
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inoculation of these birds with ESBL E. coli on the 21% day of first inoculation diarrhoea was observed, but

treatment with ceftriaxone did not cause a significant increase in antibody titre on the 5" and 10™ day of

treatment.

Table 6. Pharmacokinetic parameters of tazobactam in healthy (Gr HCT-H) and ESBL
E. coli infected Haringhata Black birds (Gr HCT-D) following single intramuscular
administration of ceftriaxone-tazobactam combination (8:1) at 28.125 mg kg™.

Kinetic Parameters Gr HCT-H Gr HCT-D
A (ug mLY) 3.06+0.11 3.22+0.10
B (ug mL?) 3.10+£0.13 3.20+£0.11
Ka (h) 11.91+1.39 18.77"+1.73
t% Ks (h) 0.06"+0.01 0.04 £ 0.00
8 (h?) 0.19+0.01 0.21+0.01
t 8 (h) 3.72+£0.24 3.30+0.17
AUCo.inf (ug h mL™) 16.72 £ 0.74 15.40 + 0.80
Vdarea (L kg™?) 1.04 £ 0.05 0.99 £0.03
Cls (Lkg* h?) 3.32+0.16 3.50+0.17
MRT (h) 5.41+£0.38 4.82+0.21
vd. (L kg?) 4.09+0.17 3.91+0.13
Vdss (L kg?) 8.51+0.28 8.00 £ 0.25
K1z (h) 5.66+0.71 9.09"+0.87
Kz (h?) 6.06 + 0.68 9.46"+0.86
K (h) 0.37£0.02 0.42 £0.02
fe 0.51+0.00 0.50 £ 0.00
T~P 0.96 + 0.01 0.98 £ 0.00
Crmax_calc (ug mL?) 2.83+0.09 3.00+£0.09
Tmax_calc (h) 0.39"+0.03 0.30+0.02
F 0.14 0.15

Mean values in a raw bearing superscript * vary significantly (P < 0.05); [n=6]

Table 7. Mean values of faecal E. coli colony count in broilers, Rhode Island Red and Haringhata
black birds during diarrhoea (before the start of treatment) and after three days of treatment
with ceftriaxone-tazobactam combination at 28.125 mg kg™* bid intramuscularly for 3 days. [n=6]

Groups During diarrhoea (c.f.u. gm?) After treatment (c.f.u. gm?)
Gr BE 19 x 107
Gr RE 25 x 10°
Gr HE 23 x10°
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Figure 5. Assessment of anti-E. coli antibody of sensitized (a) Broiler birds, (b) Rhode Island Red birds and (c)
Haringhata black birds.

The kinetic behaviour of both ceftriaxone and tazobactam followed “two compartments open model” in
both healthy and ESBL E. coli infected broiler, Rhode Island Red and Haringhata Black birds, following single
intramuscular administration of ceftriaxone-tazobactam (8:1) combination. Ceftriaxone achieved peak
plasma concentration at 0.08 h and persisted up to 6 h in a healthy broiler, Rhode Island Red and
Haringhata Black birds. Significantly higher values of pharmacokinetic parameters like ty 8 and Ke
corresponded with longer persistence of ceftriaxone in diarrhoeic birds up to 8 h compared to healthy
birds. The plasma concentrations of ceftriaxone and tazobactam maintained an approximate ratio of 8:1 for
an appreciable period (2 h) in broiler birds but for a much shorter period in Rhode Island Red (0.25 h) and
Haringhata Black (0.75 h) birds post-dosing. Disposition study showed that ceftriaxone achieved a plasma
concentration of 1.51 + 0.15 pg mL?, 1.84 + 0.14 pg mL* and 1.64 + 0.18 ug mL? in ESBL producing E. coli
(TEM-1) induced diarrhoeic broiler, Rhode Island Red and Haringhata Black birds, respectively at 0.04 h
which suggested that ceftriaxone concentration reached above the MIC value (0.12 pg mL?) within 0.04 h.
Moreover, the mean plasma concentrations of ceftriaxone were above the MIC value for more than 11 h (T
> MIC) in all the diarrhoeic birds. Gavin et al. reported that the treatment was successful in more than 90 %
of patients with non-urinary isolates when % T > MIC exceeded 40 % against ESBL producing E. coli [28]
which was in corroboration with our findings though higher percentages of T > MIC (> 90 %) were observed.
Considering these results, it was decided to administer the ceftriaxone-tazobactam combination (8:1) at
28.125 mg kg at 12 h interval for the efficacy study. In the efficacy study, we selected b.i.d. dosing to
maintain the plasma concentration of ceftriaxone within the range of 5 — 12 ug/mL (MIC 0.12 ug mL?). In
the ceftriaxone-tazobactam (8:1) combination, ceftriaxone is the antibacterial component and therefore,
the MIC of only ceftriaxone was considered for the efficacy study. The tazobactam component of the used
combination is a beta-lactamase inhibitor which is usually incorporated to prevent the destruction of
ceftriaxone by beta-lactamases produced by microorganisms like ESBL E. coli and thereby maintaining the
MIC of ceftriaxone above the target MIC. The most suitable ratio of ceftriaxone and tazobactam for
effective inhibition of beta-lactamases and to increase the efficacy of ceftriaxone was reported to be 8:1
[29] and the ceftriaxone-tazobactam 8:1 combination is available commercially for effective treatment of
susceptible infections. During experimental induction of infection with oral inoculation of ESBL producing E.
coli sub-culture (56 x 108 c.f.u. mL?), broilers birds showed severe diarrhea with higher frequency; the
major clinical sign of ESBL producing E. coli infection on 7" day whereas moderate diarrhoea was
manifested in Rhode Island Red birds from the same day. These results were correlated with the lower
antibody response of broilers and Rhode Island Red during the 5" day (during the infection period) of post-
inoculation. Interestingly, ceftriaxone-tazobactam combination treatment at 28.125 mg kg body weight
intramuscularly twice daily for three days exhibited increased specific antibody titre on the 5" and 10% day
of treatment in broiler and Rhode Island Red birds, respectively. Ceftriaxone, being a beta-lactam antibiotic,

192 T E



ADMET & DMPK 10(3) (2022) 180-196 Ceftraxone-tazobactam combination in poultry diarrhoea

might cause increased specific antibody titre in the present study in broiler, Rhode Island Red birds. The
role of ceftriaxone in immune stimulation by increasing antibody titre against ESBL E. coli was not reported
earlier and is warranted for further study. Previous studies suggested that the presence of anti-
pneumococcal antibodies led to therapeutic efficacy with sub-inhibitory concentrations of B-lactam
antibiotics [30] and, phagocytosis mediated by human and mouse neutrophils was increased when
antibiotic-resistant pneumococcal strains were incubated with serum containing specific antibodies and
sub-MIC concentrations of B-lactams [31]. Interestingly, Haringhata Black birds did not show any clinical
sign following the initial challenge of ESBL producing E. coli (TEM-1) subculture. This result was also
correlated with the higher antibody response of Haringhata Black birds during the 15" day of the first
inoculation. This finding strongly supports the higher resistance of Haringhata Black birds, which is an
indigenous poultry breed of West Bengal available only at the northern part of North 24 Parganas and the
southern part of the Nadia districts of West Bengal, India. Diarrhoea began to subside on 2" day of
treatment, and a complete recovery was noticed on 3™ day of treatment with ceftriaxone-tazobactam (8:1)
combination in all the birds. The treatment was discontinued after 3 days of treatment due to complete
recovery from diarrhoea in all the birds of three groups and no other clinical signs, including diarrhoea re-
appeared during the observation period. The feacal E. coli count reduced significantly in all the birds
following treatment with the ceftriaxone-tazobactam combination (8:1). The feacal E. coli count results
were correlated with the lower antibody response of broilers and Rhode Island Red during the 5" day of
post-inoculation.

Conclusions

The ceftriaxone-tazobactam (8:1) combination showed favourable pharmacokinetics to use this
combination as an effective treatment to combat particularly ESBL producing E. coli infection in poultry
birds by administering at 28.125 mg kg body weight intramuscularly twice daily for three days.

Abbreviations

A: Zero time plasma concentration intercept (distribution phase); AUCo.in:: Total area under the plasma
concentration versus time curve; B: Zero time plasma concentration intercept (elimination phase); c.f.u.:
Colony forming units; Cls: Total body clearance of the drug; CLSI: Clinical and laboratory standards institute;
Cmax_calc: maximum plasma concentration calculated from the fitted data; CPCSEA: Committee for the
purpose of control and supervision of experiments on animals; EDTA: Ethylenediaminetetraacetic acid;
ESBL: Extended spectrum B lactamase; F: bioavailability; f.: Fraction of drug in the body that is contained in
the central compartment; HPLC: High performance liquid chromatography; IAEC: Institutional animal ethical
committee; Kiz: First order rate constant for transfer of drug from central compartment to peripheral
compartment; Ky;: First order rate constant for transfer of drug from peripheral compartment to central
compartment; K,: rate of distribution; Ke: First order rate constant for drug elimination from central
compartment; MIC: Minimum inhibitory concentration; MPC: Mutation prevention concentration; MRT:
Mean residence time; Pd: Post dosing; PDA: Photo diode array; ppm: parts per million; PMSF:
Phenylmethylsulfonyl fluoride; rpm: Revolutions per minute; T > MIC: Time above MIC; T~P: Tissue to
plasma ratio; Tmax_calc: maximum plasma concentration time calculated from the fitted data ty Ka:
Biological half-life (distribution phase); tx B: Biological half-life (elimination phase); TSA: Trypticase soy agar;
TSB: Trypticase soy broth; USP: United States pharmacopoeia; Vdarea: Apparent volume of distribution (area
method); Vd.: Apparent volume of distribution in central compartment; Vd.: Steady state volume of
distribution; B: Zero time plasma concentration intercept (elimination phase).
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