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ABSTRACT 36 

Intraperitoneal ceftriaxone administration in healthy horses results in high and prolonged 37 

peritoneal concentrations. Recent findings suggest that intraperitoneal ceftriaxone might 38 

increase survival rates in horses affected by peritonitis. The present study aimed to evaluate 39 

plasma and peritoneal concentrations of ceftriaxone after intraperitoneal administration in 40 

horses with septic peritonitis. Twenty-six horses presenting clinical, laboratorial and 41 

sonographic findings compatible with the disease were included. All horses received daily 42 

intraperitoneal ceftriaxone (25 mg/kg bwt) in addition or not with other antibiotics and 43 

support therapies. High-performance liquid chromatography was used to determine plasma 44 

and peritoneal ceftriaxone concentrations before and after 12 and 24 hours of ceftriaxone 45 

administration. Mean plasma concentrations 12 and 24 hours after administration were 46 

respectively 1.84±0.43 and 0.37±0.07 µg/mL, and mean peritoneal concentrations were 47 

5.7±2.84 and 0.42±0.13 µg/mL. Ceftriaxone concentration was lower in comparison with 48 

previous studies in healthy horses, and presented under the MIC for enterobacteria (≤ 1µg / 49 

mL) and for gram positive isolates (≤ 0.5 µg/mL) at 24 hours. The variation of the results 50 

obtained between healthy horses and with septic peritonitis demonstrated that 51 

pharmacokinetics/dynamics are different between these patients, and suggests the use of an 52 

interval of dose of 12 hours.  53 

Keywords: abdominal infection, HPLC, MIC, peritoneum 54 

 55 
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 INTRODUCTION 57 

Peritonitis presents variable survival rates. It is difficult to compare the therapeutic 58 

success rates since there is a wide variation in inclusion criteria between similar studies. In 59 

general, studies that include horses without idiopathic peritonitis, as well as cases associated 60 

with the gastrointestinal tract and colic surgery remain with high mortality rates in spite of the 61 

use of conventional combination of antimicrobial agents and supportive care, demanding the 62 

adoption of more effective therapeutic strategies [1-4]. Intraperitoneal administration of 63 

antimicrobials is a technique that promotes high peritoneal drug concentrations [5]. Even 64 

though this route is routinely used in the treatment of peritonitis in humans [6-9], is not 65 

commonly used in horses. 66 

Ceftriaxone is a third-generation cephalosporin with a broad antibacterial spectrum 67 

that has a well-established clinical efficacy [10-13]. Its activity is time-dependent and the best 68 

therapeutic outcome is obtained using a dosing regimen that provides longer drug 69 

concentrations above the minimal inhibitory concentration (MIC) (enterobacteria ≤ 1µg / mL, 70 

and ≤ 0.5 µg/mL for gram positive isolates) at the site of infection [14]. 71 

Intraperitoneal ceftriaxone administration does not induce peritoneal inflammation 72 

[15], results in high and prolonged peritoneal concentrations in healthy horses [16], and is 73 

effective in the treatment of peritonitis in horses [17]. Nevertheless, to date, no profile of the 74 

plasma and peritoneal concentrations of the ceftriaxone in horses with septic peritonitis is 75 

available in the scientific literature. The present study aimed to evaluate plasma and 76 

peritoneal concentrations of ceftriaxone after intraperitoneal administration in horses with 77 

septic peritonitis.  78 

 79 

MATERIALS AND METHODS 80 
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The present study was conducted in accordance with the principles of ethics and well-81 

being in animal experimentation and was approved by the Ethics Committee on Animal Use 82 

(CEUA) of the School of Veterinary Medicine and Animal Science of UNESP, Brazil 83 

(protocol 53/2016). 84 

 85 

Animals 86 

The study included horses admitted to the School of Veterinary Medicine and Animal 87 

Science of UNESP, Botucatu, São Paulo, Brazil, between 2016 and 2018 with septic 88 

peritonitis. A total of 26 horses were included (16 males and 10 females), with mean age of 89 

10.2 ± 6.7 years and mean body weight of 377.4 ± 99.8 kg. The breeds were: 9 Quarter 90 

horses, 9 mixed breed, 2 Mangalarga, 1 miniature, 1 Lusitano, 1 Arabian, 1 American Paint,1 91 

Criollo, and 1 Friesian. Animal sampling was convenient, due to the unpredictability of the 92 

natural and post-operative cases of infectious peritonitis in horses.  93 

 94 

Inclusion criteria 95 

The included horses presented a set of signs that characterized peritonitis: apathy, 96 

anorexia, pyrexia, reluctance to move, and presence of an abdominal tension line; peritoneal 97 

fluid with nucleated cell count ≥ 10.000/μL [18, 19]; and/or presence of free or phagocytized 98 

bacteria; peritoneal fluid protein concentration ≥ 2,5 g/dL and fibrinogen ≥ 100 mg/dL [18-99 

20]; and sonographic findings (thickening of the intestinal wall and 100 

increased echogenicity of peritoneal fluid) associated with the diagnosis of septic peritonitis.  101 

In horses included after laparotomy, clinical signs (especially persistent pyrexia) 102 

associated with sonographic findings and response to the treatment were used to include the 103 

cases, since the surgical procedure increases nucleated cell count and protein concentrations 104 

[21].  105 
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 106 

 107 

Microbiological culture  108 

Peritoneal fluid was cultured according to Alonso et al. [17], in a defibrinated sheep 109 

(5%) and MacConkey agar media. It was maintained under aerobic conditions at 37°C, for 72 110 

hours. Simultaneously, an aliquot of the same material was cultured under microaerophilic 111 

conditions at 37°C. Further, the peritoneal fluid collected in appropriate media was cultured 112 

under anaerobic conditions in defibrinated sheep blood agar (5%) using anaerobic generator 113 

(Anaerogen ™, Oxoid, Hampshire, England), maintained for 5-7 days. The microorganisms 114 

isolated under aerobic, microaerophilic, and anaerobic conditions were examined based on 115 

conventional phenotypic characteristics [22]. 116 

Susceptibility to ceftriaxone was extrapolated from the Clinical and Laboratory 117 

Standards Institute – CLSI [23], using the values of ceftriaxone MIC for enterobacteria of 118 

≤1µg/mL, and for gram positive isolates of ≤ 0.5 µg/mL. 119 

 120 

Plasma and peritoneal ceftriaxone concentrations 121 

Sample collection  122 

Blood and peritoneal fluid samples were collected into tubes containing ethylene 123 

diamine tetra-acetic acid (EDTA). Sample collections were performed before, 12 and 24h 124 

after intraperitoneal ceftriaxone administration. The peritoneal fluid samples were collected 125 

under sterile conditions from the ventral midline of the abdomen through a 21 G hypodermic 126 

needle. Plasma samples were obtained through lateral thoracic vein punction. Both samples 127 

were centrifuged (1.087 x g for 10 min), then divided into duplicates and frozen at - 80 °C for 128 

subsequent determination of ceftriaxone concentrations.  129 

 130 
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 131 

 132 

Determination of ceftriaxone concentration 133 

Plasma and peritoneal fluid concentrations of ceftriaxone were determined using high-134 

performance liquid chromatography (HPLC; Waters Alliance System, Milford, MA, USA) 135 

equipped with an ultraviolet (UV)-Vis detector [16, 24]. Chromatographic separation was 136 

performed using a Waters SunFire C18 column (4.6 x 250 mm; 5 µM) protected by a Waters 137 

SunFire C18 guard column (4.6 x 20 mm; 5 µM) maintained at 40 °C. The mobile phase 138 

consisted of methanol (mobile phase A) and 20 mM ammonium acetate (mobile phase B) in 139 

gradient mode. The selected gradient started with 80% of mobile phase B, which was 140 

increased to 20% within 10 min and this composition was maintained for 1 min. The initial 141 

conditions were re-established within 2 min and held during 2 min more to assure column 142 

equilibration. The total run time was 15 min, with a retention time of 6.15 min and 9.15 min 143 

for ceftriaxone and cefoperazone (internal standard), respectively. The flow rate was 0.7 144 

mL/min and the injected sample volume was 20 µL. The UV-Vis detector was operated at 260 145 

nm. The ratio of the analyte peak area to the peak area of the I.S. was used for quantification 146 

of the drug [24]. The method validation was conducted in accordance with the (US) FDA 147 

Guidance for Industry [25] and Brazilian Health Surveillance Agency [26]. 148 

 149 

Treatment 150 

Supportive therapy based on fluid and electrolyte replacement, analgesia, and anti-151 

inflammatory drugs was provided at admission. Immediately after confirmation of peritonitis, 152 

antibiotic therapy was initiated according to the conduct of the veterinarian responsible for the 153 

case. All horses received daily intraperitoneal therapy with ceftriaxone (Eurofarma, São 154 

Paulo, Brazil) (25 mg/kg bwt). The most common associated drugs were flunixin meglumine 155 
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(1.1 mg/Kg IV or IM SID), gentamicin (6.6 mg/Kg IV SID), amikacin (15 mg/Kg IV SID) 156 

and metronidazole (15 mg/Kg IV or PO TID).  157 

Ceftriaxone was administered intraperitoneally in accordance to that described by 158 

Alonso et al. [17]. Ceftriaxone dosage (25 mg/Kg bwt) was diluted in 250 mL of warmed 159 

0.9% saline solution. The administration was carried out under pressure within 2 minutes.  160 

Plasma and peritoneal protein concentrations 161 

Plasma and peritoneal fluid protein concentrations were determined using 162 

refractometry [27] before and after 24 h of ceftriaxone administration. 163 

 164 

Statistical analysis 165 

After assessing normality using the Shapiro Wilk the plasma and peritoneal 166 

concentrations of the proteins were compared using analysis of repeated measures over time 167 

(Proc Mixed) using the time point as a fixed effect; and comparisons were made using pdiff.  168 

Plasma and peritoneal concentrations of ceftriaxone were analyzed using descriptive 169 

statistics. When the results of liquid chromatography were undetectable, the considered value 170 

was the limit of detection (0.24µg/mL). The results are shown as mean ± standard error of the 171 

mean (SEM), and statistically significant difference was considered when P <0.05.  172 

One horse (Animal 2) that presented outlier ceftriaxone plasma and peritoneal 173 

concentrations was excluded of the mean calculation. 174 

 175 

RESULTS 176 

Microbiological culture  177 

Among the 26 included horses, 19 (73,1%) showed a productive abdominocentesis at 178 

admission. Among these, 13 (68,4%) presented isolation of microorganisms. Only one isolate 179 

presented mixed culture, whereas the others, isolated a single agent. Totaling 13 isolates. 180 
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Among the isolated bacteria, 7 (50%) were Escherichia coli, 4 (28,6%) Streptococcus spp and 181 

3 (21,4%) Staphylococcus spp.  182 

Ceftriaxone concentration 183 

Peritoneal fluid collection was productive at 12 and 24 hours after administration to 184 

57,7% (15/26 horses). At the time point 12 hours of administration all samples had 185 

concentrations above the detection limit of the test (0.24 µg/ mL), and the mean peritoneal 186 

fluid ceftriaxone concentration obtained was 5.7±2.84 µg/mL. After 24 hours, 53,3% (8/15 187 

horses) had undetectable peritoneal concentrations (<0.24 µg/mL). Among the detectable 188 

concentrations, a mean of 0.42±0.13 µg/mL was obtained. 189 

All horses had detectable plasma concentrations at 12 hours, with mean concentration 190 

of 1.84±0.43 µg/mL. At 24 hours, 50% (13/26 horses) did not show detectable plasma 191 

concentrations. The mean obtained concentration was 0.37±0.07 µg/mL. 192 

 193 

Plasma and peritoneal protein concentration 194 

No differences were obtained between admission (plasma: 6,57 ± 0,19; peritoneal: 195 

4,10 ± 0,43 g/dL) and the time point 24 hours after ceftriaxone administration for plasma 196 

(6,83 ± 0,20 g/dL) and peritoneal (3,26 ± 0,49 g/dL) protein concentrations. 197 

 198 

 199 

DISCUSSION 200 

This is the first report that describes both plasma and peritoneal concentrations of 201 

ceftriaxone after intraperitoneal administration in horses with septic peritonitis. Recently, 202 

using the same included animals that were used in this study, our group [17] described 203 

favorable results using the adjuvant intraperitoneal ceftriaxone (25 mg/kg bwt) every 24 hours 204 

in the treatment of peritonitis in horses, with an average survival rate of 77%. It is interesting 205 

Jo
urn

al 
Pre-

pro
of



 10

to emphasize that Alonso et al. [17] included peritonitis cases secondary or not to 206 

gastrointestinal tract injuries and abdominal surgery, and secondary to intestinal rupture 207 

and/or faeces contamination. Currently, when reporting survival rates associated with 208 

peritonitis, the variation in inclusion criteria between similar studies makes it difficult to 209 

compare therapeutic success rates. In many reports with higher survival rates, peritonitis is not 210 

related to the gastrointestinal tract, peritonitis cases associated with gastrointestinal tract, colic 211 

surgery and intestinal perforations are excluded [2,28-31]. In Alonso et al study [17], if the 212 

group of animals that presented intestinal perforation was excluded, the survival rate would 213 

have achieved 86,05%. Despite the slow advance in the treatment of peritonitis, in general, 214 

studies with wider inclusion criteria remains with high mortality rates with the use of 215 

conventional combination of antimicrobials [1,3,4]. 216 

As this is a clinical study, it was difficult to standardize the approach and diagnosis of 217 

peritonitis, which varied according to the etiology of the disease and the individual 218 

manifestation of the cases. Possibly the degree of peritoneal inflammation and the dynamics 219 

of diffusion and elimination of the drug varied according to the peritoneal lesion intensity, 220 

which is a limitation of this study. Also, animals that presented peritonitis in the postoperative 221 

time were not included immediately after surgery, but in the clinical manifestation of the 222 

disease, with possible no influence of intraoperative abdominal lavage in ceftriaxone 223 

concentrations, since the peritoneum is capable of absorbing large quantities of liquid in one 224 

or two days [32]. The peritonitis aetiology, individual plasma and peritoneal ceftriaxone 225 

concentrations and outcome are presented in table 1.  226 

In order to provide optimal antimicrobial therapy to the diseased horses, three aspects 227 

have to be considered: pharmacokinetics-PK (relative solubility, protein binding, clearance 228 

mechanism); clinical information (site of infection, severity of illness, body composition, 229 
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likely pathogens, local resistance patterns); and pharmacodynamics-PD (time course of 230 

bacterial killing, post antibiotic effect-PAE, preclinical infection models) [33-34].  231 

Ceftriaxone is a hydrophilic drug that has high levels of binding to proteins and renal 232 

clearance, [10,11,16,35,36]. Regarding the clinical aspects, the site of infection was the 233 

abdominal cavity. However, the severity of the illness and body composition varied between 234 

patients, and the groups of pathogens were Enterobacteria, Streptococci and Staphylococci. 235 

Among PD aspects, the time course of bacterial killing is highlighted, since β-lactams is a 236 

class of time-dependent antibiotics, whereby substantially increasing drug concentrations 237 

have minimal effects on the overall rate and extent of bacterial killing. Instead, maintaining a 238 

free drug concentration above the MIC of the organism for a portion of the dosing interval has 239 

been shown to best predict microbiological efficacy. The percentage of time that free drug 240 

remains above the MIC over a 24-hour period (fT ≥ MIC) to provide maximal bactericidal 241 

effect is a PD index that varies according to β-lactam subclass, with typical values of ≥ 60% 242 

to 70% for cephalosporins acting against Enterobacteria and Streptococci. whereas fT ≥ MIC of 243 

40-50% against Staphylococci species [34,37]. 244 

Comparing the plasma concentrations between horses with septic peritonitis and 245 

healthy horses [16] after daily intraperitoneal ceftriaxone administration (25 mg/kg), both 246 

studies showed mean plasma concentrations above the estimated MIC 12 hours after 247 

administration, and values below the MIC 24 hours after intraperitoneal administration. It is 248 

noteworthy, however, that plasma concentrations of the horses with peritonitis were lower 249 

than those obtained in healthy horses [16] 24 hours after intraperitoneal administration.   250 

Regarding peritoneal concentrations, healthy horses that received intraperitoneal 251 

ceftriaxone maintained concentrations above the MIC for 24 hours [14], while in the present 252 

study, the mean ceftriaxone peritoneal concentration was above the MIC 12 hours after 253 

administration and below the MIC at the time point 24 hours. Peritoneal and plasma 254 
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concentrations of the horses with peritonitis were lower than those obtained in healthy horses 255 

[16] at both times of evaluation.  256 

It is believed that there was a higher drug elimination rate due to the increase in 257 

vascular permeability secondary to inflammation/infection [10]. Additionally, due to the fact 258 

that the presence of infection results in significant fluid extravasation and in a high probability 259 

of augmented renal clearance, standard therapy that include volume resuscitation can further 260 

alter antibiotic PK, with hydrophilic, renally cleared agents as β-lactams being most 261 

susceptible [26, 30]. 262 

The increased vascular permeability may also have resulted in superior 263 

diffusion/distribution of the drug to the abdominal tissues affected by the septic process. In 264 

this sense, the favorable outcome obtained in the treatment [17] may have resulted from the 265 

more pronounced absorption by the tissues and binding of ceftriaxone to bacteria. However, 266 

this study did not evaluate the concentrations of the drug in the tissues nor the PK of the drug 267 

to access distribution. 268 

Since ceftriaxone binds to proteins and has a fixed and free form concentration 269 

dependent [11,13,36], its binding may have contributed to the minor availability of free drug 270 

and consequent lower concentrations in horses with peritonitis, as these horses have higher 271 

concentrations of proteins in the peritoneal fluid (4.10 ± 0.43 g/dL) compared to healthy 272 

horses (<2.3 g/dL).  273 

The optimal antimicrobial concentration in the tissues and blood is poorly understood, 274 

often defined as the concentration above the MIC. However, there are many examples of 275 

effective prophylaxis with antibiotic concentrations below the MIC and failures of 276 

prophylaxis with concentrations above the MIC [37].  277 

The variation in the results obtained between healthy horses [16] and horses with 278 

septic peritonitis demonstrates that PK/PD are different between these conditions. The 279 
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undetectable concentrations after 24 hours of administration suggests the necessity to change 280 

the dose regimen, with administration taking place every 12 hours; or the conducting of new 281 

tests using higher doses with a 24 hours interval of doses. It is also important to point out that 282 

a high survival rate was achieved by Alonso et al. [17], despite the lower concentrations 283 

achieved with the 25 mg/kg bwt dose regimen every 24 hours in this study. 284 

The estimative of the fT ≥ MIC was hampered as a result of the limited sample 285 

collection for ceftriaxone concentrations evaluation at two isolated time points (12 and 24 286 

hours). Since there is no time point of evaluation between 12 and 24 hours, it is not possible 287 

to know if ceftriaxone presented a fT ≥ MIC of 60-70%, necessary for cephalosporins to be 288 

effective against Enterobacteria and Streptococci species [34,37]. Based in the present results 289 

it is possible to ensure a fT ≥ MIC of 50%, a compatible fT ≥ MIC necessary to suppress 290 

Staphylococcus induced infections. It is suggested, based on the high survival rates that the 291 

target was accomplished. 292 

Human antibiotic therapy is guided by the Clinical & Laboratory Standards Institute 293 

(CLSI), which provides information and standardization of the MIC for the most common 294 

used antimicrobials. It is also important to highlight that there are no available studies about 295 

the MIC values and the necessary fT ≥ MIC to control peritoneal infection in horses. Thus, 296 

veterinary antibiotic therapy is based on human guidelines. It is described that Escherichia 297 

coli, one of the potential causes of peritonitis in horses, has a MIC of 0.003mg/mL in cats [13] 298 

and cattle [39]. However, in the absence of a specific MIC for the main etiological agents of 299 

peritonitis in horses, the most widespread and highest value for the group of 300 

Enterobacteriaceae (1mg/mL) was selected as the baseline MIC in this study (CLSI), situation 301 

that based in the high survival rate, could under estimated the fT ≥ MIC. 302 

Another possible situation that may have contributed to the outcome of the horses is 303 

that 304 
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despite the fact that ceftriaxone presents a short PAE (nearly 1 hour for gram negatives and 2 305 

hours for gram positives), it was administered in association with aminoglycosides in most of 306 

the presented cases, situation that results in synergism and prolonged PAE (2 to 6 hours) 307 

[10,34,40,41]. 308 

The main limitations of this study were the lack of time points of evaluation, and the 309 

fact that ceftriaxone was used in association with other antibiotics, anti-inflammatory drugs 310 

and parenteral solutions, since horses sampled are cases naturally infected. Although no 311 

combinations of compounds capable of interaction with ceftriaxone [42] were used, the effect 312 

of this associations is unknown, and there are no studies in horses about drug interaction with 313 

ceftriaxone. This association also hampered the assessment of the survival rates and the 314 

determination of the ceftriaxone effectiveness separately. 315 

 316 

CONCLUSIONS 317 

Intraperitoneal ceftriaxone administration (25 mg/Kg bwt) in horses with septic 318 

peritonitis resulted in lower ceftriaxone plasma and peritoneal concentrations compared to 319 

previous studies in healthy horses. At the time point of 12 and 24 h, ceftriaxone 320 

concentrations were respectively above and under the MIC for the most prevalent bacteria 321 

related to peritonitis. The variation of the results obtained between healthy and diseased 322 

horses demonstrated that pharmacokinetics/dynamics are different between these conditions. 323 

Even though previous studies demonstrated that administration of ceftriaxone (25 mg/Kg bwt) 324 

using the interval of doses of 24 hours is effective for the treatment of peritonitis in horses, 325 

our data suggest that the dose interval may be switched to twice a day. 326 
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Table 1  

Peritonitis aetiology, plasma and peritoneal ceftriaxone concentrations 12 and 24 hours 

after ceftriaxone administration and outcome of the horses with septic peritonitis and 

treated with intraperitoneal ceftriaxone (n=26). Botucatu, SP, Brazil, 2016-2018. 

Animal Peritonitis aetiology 

Plasma ceftriaxone 

concentrations (µg/mL) 

12h              24h 

Peritoneal ceftriaxone 

concentrations (µg/mL) 

12h                    24h 

Outcome 

1 Colitis 0,408 U UC U Discharged 

2** Sand impaction 1,457 15,720 47,578 179,635 Discharged 

3 Sand impaction 0,339 U 0,508 U Discharged 

4 
Sand impaction and gastric 

ulceration 
1,667 0,249 2,031 0,280 Discharged 

5 Fecalith removal* 0,343 NC 0,187 NC Died 

6 Correction of colon displacement* 4,010 0,564 UC IV Discharged 

7 Correction of colon displacement* 2,182 0,269 UC UC Discharged 

8 Correction of colon displacement* 2,084 0,487 UC UC Discharged 

9 Jejunal granulomas excision* 1,724 U UC UC  Discharged 

10 Surgical cecal impaction* 0,242 U UC UC Discharged 

11 Surgical cecal impaction* 2,186 0,643 UC UC Discharged 

12 Surgical sand impaction* 0,393 U UC  UC  Discharged 

13 Surgical sand impaction* 1,241 U 1,495 U Discharged 

14 Abdominal wall abscess 1,518 0,519 1,391 0,209 Died 

15 Funiculitis 0,337 0,276 0,391 U Discharged 

16 Vaginal rupture 2,321 U 3,761 0,198 Discharged 

17 Abdominal perforation 1,160 U 26,110 0,508 Discharged 

18 Umbilical herniorrhaphy* 1,260 U 1,035 U Discharged 

19 Umbilical herniorrhaphy* 1,738 U 2,200 U Discharged 

20 Incisional herniorrhaphy* 1,112 U UC UC Discharged 

21 Removal of a vesical urolithiasis* 2,804 U UC IV Discharged 

22 Grade IV rectal rupture 0,295 U 1,063 0,780 Discharged 

23 
Small intestine perforation 

secondary to a foreign body* 
2,602 0,391 0,730 U Died 

24 
Jejuno-jejunal anastomoses 

failure* 
NC NC NC NC Euthanised 

25 Tiflostomy dehiscence* 10,664 1,926 34,660 2,091 Euthanised 

26 Jejunal perforation* 1,469 0,283 4,839 U Discharged 

*Horses subjected to surgery; **outlier (excluded of the ceftriaxone concentrations analysis); 

UC=unproductive collection; NC=Not collected (animal died); U=Undetectable (<0,24µg/mL); 

IV=Insuficient volume for analysis. 
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Highlights 

 Peritonitis remains with high mortality rates in horses 

 Intraperitoneal ceftriaxone administration in healthy horses results in high 

and prolonged peritoneal concentrations 

 Intraperitoneal ceftriaxone might increase survival rates in horses 

 No profile of the plasmatic and peritoneal concentrations of the ceftriaxone 

in horses with septic peritonitis is available 
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