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ABSTRACT Intestinal integrity losses have been
identified as a main driver for poor performance in
broilers. The oral administration of markers such as
iohexol is a major asset for measuring intestinal perme-
ability (IP) alterations. The aim of the current study
was to evaluate oral iohexol administration and serum
levels as a quantitative measure for IP in Ross 308
broilers and to identify possible associations with histo-
logic measurements. A total of 40, day-old broiler chick-
ens were randomly divided into 4 groups of 10 broilers
and a coccidiosis model was used to induce IP. Three
challenge groups received a mixture of different field
strains and concentrations of Eimeria acervulina and
Eimeria maxima at d 16, and 1 group operated as an
uninfected control group. On d 20, 5 birds per group
were orally administered the permeability marker
iohexol at a dose of 64.7 mg/kg body weight and blood
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was taken 60 min after the oral gavage. On d 21 these 5
birds per group were euthanized. On d 21, 5 other birds
per group were given iohexol where after blood was
taken. These birds were euthanized on d 22. During nec-
ropsy, birds were scored for coccidiosis lesions and a duo-
denal segment was taken for histology. The Eimeria
challenge had a significant impact on the villus length,
crypt depth, villus-to-crypt ratio and CD3+ T-lympho-
cytes area percentage. Challenged birds had a significant
higher concentration of serum iohexol on both sampling
days, as compared to the uninfected controls. A signifi-
cant correlation could be found between the serum
iohexol concentration and the histologic parameters (vil-
lus length, crypt depth and villus-to-crypt ratio) on the
first sampling day. This suggests that iohexol may be
used as a gut permeability marker in broilers under
Eimeria challenge.
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INTRODUCTION

The digestive system is a complex organ with multiple
functions including the absorption and digestion of
nutrients, excretion of waste products and protection
against potential harmful substances (Hornbuckle et al.,
2008; Salvo-Romero et al., 2015). A functional gut barrier
plays a vital role in fulfilling these principal functions. The
permeability of the gut barrier is strictly regulated by mul-
tiple factors and determines which molecules can cross the
barrier and enter the bloodstream (Camilleri, 2019). Dam-
age to the epithelial barrier can cause an increase in
intestinal permeability (IP) which directly leads to the
passage of intraluminal macromolecules, xenobiotics and
pathogens into the bloodstream (Hornbuckle et al., 2008).
An increased IP is extensively investigated in human and
veterinary medicine. Multiple human gastrointestinal and
extra-intestinal disorders such as inflammatory bowel dis-
ease, allergies or metabolic diseases are associated with
alterations of the IP (May et al., 1993; Gerova et al., 2011;
Bischoff et al., 2014; Vivinus-N�ebot et al., 2014; Gonz�alez-
Gonz�alez et al., 2018). In broilers, IP has a direct associa-
tion with performance. Several stressors, including patho-
gens, specific dietary factors or fasting have been used to
elevate IP in experimental animal models (Gilani et al.,
2018b; Gilani et al., 2021; Liu et al., 2021).
A major asset in experimental models is a reliable test

that is able to measure the gut integrity of the birds. The
evaluation of the IP in broilers is particularly performed
using molecules or probes that either or not pass the intes-
tinal barrier via the paracellular pathway, that are orally
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administered and quantified in the blood (Schoultz and
Keita, 2020; Gilani et al., 2021). Every probe has its own
benefits and disadvantages. Chromium-ethylenediaminete-
traacetic acid as well as the saccharides lactulose, mannitol
and rhamnose are frequently used in humans and animals
(Frias et al., 2012). The radioactivity of Chromium-ethyle-
nediaminetetraacetic acid and the bacterial fermentation
of sugars have resulted in the introduction of other probes
(Hall and Batt, 1996; Klenner et al., 2009; Bischoff et al.,
2014). Nowadays, fluorescein isothiocyanate-dextran
(FITC-d) is the most broadly used IP marker in broiler
experiments (Gilani et al., 2021). The large molecular size
of FITC-d (4-kDa) makes sure it does not pass the gut epi-
thelium under normal circumstances (Gilani et al., 2017).
Multiple gut challenge experiments have demonstrated
that FITC-d can cross a disrupted gut barrier via the para-
cellular pathway (Latorre et al., 2018; Barekatain et al.,
2019; Zanu et al., 2020). However, the interpretation of
FITC-d results need to be done with caution. Liu et al.
(2021) described a broad range of factors that can influence
the FITC-d concentrations, including the protocol (e.g.,
gavage dose, fasting period) and the quantification proce-
dure. Recently, iohexol has been introduced as a marker
for IP in birds such as domestic pigeons, laying hens, cock-
atiels, and falcons (Wilhelm et al., 2020). It is used as a
contrast medium in radiographic imaging and is considered
to be a safe, inert and water-soluble marker (Frias et al.,
2012). Iohexol is not being metabolized but completely
eliminated by renal excretion (glomerular filtration) and
has a high stability in biological samples (Lee et al., 2006;
Wilhelm et al., 2020; Ortín-Piqueras et al., 2021). Because
of these advantages, the potential of iohexol as a perme-
ability marker has been assessed in human medicine.
Iohexol is not only an excellent marker for measuring the
glomerular filtration rate in humans and animals (Lan-
glois, 2008; Gasthuys et al., 2019), but has also proved to
be a successful IP marker in gut challenge models (Frias
et al., 2012). Moreover, several gastrointestinal diseases
have been associated with an elevated iohexol serum con-
centration after oral administration in humans and rodent
models (Halme et al., 2000; Andersen et al., 2001; Gerova
et al., 2011; Ortín-Piqueras et al., 2021). In birds, iohexol
has shown potential as a permeability marker under
healthy conditions (Wilhelm et al., 2020). As far as we
know, the iohexol marker has not been used in broilers
with gut permeability alterations.

The objective of this study was to evaluate iohexol as
a permeability marker in broilers infected with Eimeria
species that induces coccidiosis. We evaluated associa-
tions between iohexol serum concentrations and gut
morphologic parameters (villus length and crypt depth)
in a coccidiosis trial.
MATERIALS AND METHODS

Ethical Statement

The experiment was approved by the ethical commit-
tee of Poulpharm Bvba, Izegem, Belgium (coccidiosis
trial; I22151-EC).
Study Design and Sampling

A total of 40 one-day-old mixed sex Ross 308 broiler
chickens were purchased from a commercial hatchery (Ver-
vaeke-Belavi, Tielt, Belgium) and randomly allocated into
4 groups of 10 broilers and fed a diet ad libitum (Research
Diets Services B.V., Wijk bij Duurstede, the Netherlands).
At d 16 the animals from treatment group 1 received intra-
crop 95,436 oocysts of Eimeria acervulina field strain Hun-
gary (A) and 54,912 oocysts of Eimeria maxima field
strain Hungary (A). Treatment group 2 received intracrop
70,810 oocysts of E. acervulina field strain Netherlands (B)
and 43,380 oocysts of E. maxima field strain Netherlands
(B). Treatment group 3 received intracrop 146,080 oocysts
of E. acervulina field strain Poland (C) and 39,840 oocysts
of E. maxima field strain Poland (C). One group of 10 ani-
mals operated as uninfected control group and received a
sham inoculation (distilled water, VWR, Belgium). On d
20, 5 birds per group were given the permeability marker
iohexol (Omnipaque 350, GE Healthcare AS, Oslo, Nor-
way) by oral gavage (intracrop) at a dose of 64.7 mg/kg
body weight. Sixty minutes after the gavage blood was
taken in order to determine serum iohexol levels. These
birds were euthanized by cervical dislocation preceded by
concussion on d 21. On d 21, 5 other birds per group were
administered iohexol where after blood was taken. These
birds were euthanized on d 22. The protocol of the study
design is summarized schematically in Figure 1.
The broilers received feed and water ad libitum before

the oral gavage of iohexol, which resulted into full crops
during the administration. Iohexol was diluted in Hanks’
Balanced Salt Solution (HBSS, Life Technologies Europe
B.V., Merelbeke, Belgium). The individual BW was
recorded and used to determine the exact volume of
iohexol for each bird at a dose of 64.7 mg/kg. The product
was given orally via a 1 mL syringe into the crop. Blood
samples were collected 1 h later from the basilic vein by
direct venipuncture and collected in Eppendorf tubes.
Blood was kept at room temperature for about 30 min
and centrifuged (1,500 £ g, 15 min) to separate the
serum. The serum samples were stored at -20°C and ana-
lyzed between 21 and 37 d after collection. At necropsy,
the animals were scored for coccidiosis lesions using the
Johnson and Reid method (Johnson and Reid, 1970).
The total mean lesion score (TMLS) for coccidiosis was
determined as the sum of the average of the individual
mean lesion scores for E. acervulina and E. maxima. The
individual mean lesion scores per Eimeria species were
calculated as the average of the individual scores of the
broilers. Each Eimeria species was scored from 0 (no
lesions) to 4 (severe lesions). The duodenal loop was col-
lected in 4% formaldehyde for histologic examination.
Iohexol Quantification in Serum

Serum concentrations of iohexol were determined with
ultra�high performance liquid chromatography−tan-
dem mass spectrometry (UHPLC-MS/MS). This
method was fully validated for iohexol measurements in
broiler chicken plasma (Stroobant et al., 2020).



Figure 1. Timeline of the procedure of the challenge model. A total of 40 one-day-old mixed sex Ross 308 broiler chickens were purchased and
randomly divided into 4 groups of 10 broilers at the age of 14 d. Three treatment groups (each group n = 10) were challenged at d 16 with a mix of
Eimeria species (E. acervulina and E. maxima), and 1 group operated as an uninfected control group. A necropsy was performed of 5 selected birds
per group at 5 (D21) and 6 d (D22) after challenge. The iohexol gavage and blood sampling was done the day prior to the euthanasia of the selected
animals (D20 & D21).
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Serum samples (100 mL) were diluted with 100 mL of
Milli-Q water and spiked with 25 mL of the internal
standard iohexol-d5 (100 mg/mL), followed by addition
of 15 mL of 100% trifluoroacetic acid. After 10 sec of vor-
texing, the samples were centrifuged (13,000 rpm, 15
min). The supernatant was transferred to an autosam-
pler vial and 5 mL was injected in the UHPLC-MS/MS
instrument (Quattro Premier XE, Waters, Milford,
MA). Matrix-matched calibration curve and quality
control samples were prepared by spiking blank serum
with a known iohexol concentration. The lowest Limit of
Quantification for iohexol was 0.25 mg/mL.
Morphometrical Evaluation

The duodenal loops were fixated in 4% formaldehyde
for 24 h, dehydrated in xylene and embedded in paraffin.
Sections of 4 mm were cut using a microtome (HM360,
Thermo Scientific, Waltham, MA) and processed as
described by (De Maesschalck et al., 2015). After stain-
ing with haematoxylin and eosin, morphologic parame-
ters were assessed using standard light microscopy.
Villus length, measured from the crypt−villus junction
to the villus tip, and crypt depth, measured from the
junction to the base, in the duodenum were determined
by random measurement of 10 villi per section at 5x
magnification using a Leica DM LB2 microscope
equipped with a camera and a computer based image
analysis program, LAS V4.1 (Leica Application Suite
V4, Wetzlar, Germany).
Immunohistochemistry

Antigen retrieval was performed on 4 mm duodenal
sections with a pressure cooker in citrate buffer (10 mM,
pH 6). Slides were rinsed with washing buffer (Dako kit,
K4011, Glostrup, Denmark) and blocked with peroxi-
dase reagent (Dako, S2023) for 5 min. Slides were rinsed
with distilled water and Dako washing buffer before
incubation with anti-CD3 primary antibodies (Dako
CD3, A0452) for 30 min at room temperature diluted
1:100 in antibody diluent (Dako, S3022). After rinsing
again with washing buffer, slides were incubated with
labelled polymer-HRP anti-rabbit (Envision+ System-
HRP, K4011) for 30 min at room temperature. Before
adding di-amino-benzidine (DAB+) substrate and DAB
+ chromogen (Dako kit, K4011) for 5 min, slides were
rinsed 2 times with washing buffer. To stop the staining,
the slides were rinsed with distilled water, dehydrated
using the Shandon Varistain-Gemini Automated Slide
Stainer and counterstained with hematoxylin for 10 s.
The slides were analyzed with a Leica DM LB2 micro-
scope and a computer based image analysis program LAS
V4.1 (Leica Application Suite V4, Germany) to measure
CD3+ cells in a total area of 3.5 § 0.5 mm2 which repre-
sents the area of approximately 10 to 12 villi.
Statistical Analysis

Data analysis was performed with the statistical software
R 4.1.3 in R studio (R Core Team, 2021). The normality of
the quantitative variables was tested with the Shapiro-
Wilk’s method and histograms. The data (necropsy and
iohexol gavage) were analyzed per sampling day.
Multiple linear regression was used to compare the con-

trol and the challenge group with each other, taking into
account the different type of strains (A, B, C) in the chal-
lenge group. A linear model was fitted for each parameter
(TMLS, gut histopathology parameters, BW and iohexol
concentration) using the linear model function in the R
package stats (R Core Team, 2021). The fixed effects of
the multiple linear regression model were the treatment
group (control or challenge) and the strain (A, B, C).
The associations between the histologic parameters

and the iohexol concentration (mg/mL) was evaluated
with multiple linear regression (R Core Team, 2021).
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Associations were either made between the iohexol con-
centration (D20) and histologic parameters (D21) or
between the iohexol concentration (D21) and histologic
parameters (D22), in order to determine significant asso-
ciations and make predictions between parameters. The
response variable (Y) in the model was the iohexol con-
centration (mg/mL). The different types of strain (A, B,
C) and each histologic parameter were added as inde-
pendent variables. Only the data of the challenge group
was included for making the associations between the
gut histology parameters and iohexol concentration.

Interactions were tested between the independent varia-
bles and the results were interpreted with the function
joint.test (Lenth, 2022), which corresponds to an ANOVA
type III test. A statistical result with a P value of ≤ 0.05
was considered to be significant and the asterisks illustrate
the significance level of the multiple linear regression model
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 in the figures.
RESULTS

Challenge Effect on the Gut Health
Parameters

The effect of the Eimeria challenge on the different
parameters (TMLS, gut histopathology parameters,
body weight and iohexol concentration) on both sam-
pling days (i.e., iohexol gavage (D20) and necropsy
(D21); iohexol gavage (D21) and necropsy (D22)) is pre-
sented in Figures 2−5.
Figure 2. Box plots representing the body weight of the birds in control
represent the minimum value, 75th percentile, median, 25th percentile and t
ferent colors (blue = A = Hungary field strains, green = B = Netherlands fie
were observed between the control and challenge group on both sampling da
Individual body weight. There was no significant effect
of the Eimeria challenge on the body weight on d 20
(P = 0.461) and d 21 (P = 0.578) (Figure 2).
Coccidiosis lesion scores. The TMLS was significantly

higher in the challenge group compared to the control
group on d 21 (P < 0.001) and 22 (P < 0.001) (Figure 3).
The scores for E. acervulina (P < 0.001 for d 21 and 22)
and for E. maxima (P = 0.005 for d 21, P < 0.001 for d
22) were significantly different between the control and
challenge groups on both sampling days.
Histopathology. The Eimeria challenge affected the gut

morphology and caused an increase of CD3+ T-cell lym-
phocytes (CD3+ %) in the wall of the small intestine
(Figure 4). On d 21 and 22, the challenge groups had a
significant lower villus length (D21: P = 0.013, D22:
P = 0.007), higher crypt depth (D21: P = 0.004, D22:
P = 0.001), lower villus-to-crypt ratio (D21: P = 0.001,
D22: P < 0.001) and a higher CD3+ % (D21: P = 0.003,
D22: P < 0.001) compared to the control group.
Iohexol concentration. The concentration of the IP

marker iohexol was significantly higher in the serum of
challenged birds compared to the control birds on d 20
(P = 0.019) and on d 21 (P = 0.003) (Figure 5).
Association Between the Iohexol
Concentrations and the Gut Histologic
Parameters

The association between the serum iohexol concentra-
tions and the gut histologic parameters (CD3+ %, villus
and challenge groups on d 20 (A) and d 21 (B). The bars of the boxplot
he maximum value. Data from each challenge group is illustrated in dif-
ld strains, yellow = C = Poland field strains). No significant differences
ys (P > 0.05).



Figure 3. Box plots of the coccidiosis lesion scores on d 21 (A, C, E) and d 22 (B, D, F). The data of the total mean lesion score (A, B), E. acer-
vulina lesion score (C, D) and E. maxima lesion score (E, F) are presented and the strains (A, B, C) of the challenge group are illustrated in different
colors (blue = A = Hungary field strains, green = B = Netherlands field strains, yellow = C = Poland field strains). The total mean lesion score
(TLMS), E. acervulina lesion score and E. maxima lesion score is significantly higher in the challenge groups compared to the control group on both
sampling days.

Figure 4. Box plots of the intestinal morphometrical measurements (villus length, crypt depth, villus-to-crypt ratio) and gut inflammation
(CD3+ T-lymphocytes area percentage) on d 21 (A, C, E, H) and d 22 (B, D, F, G). The strains (A, B, C) of the challenge group are illustrated in dif-
ferent colors (blue = A = Hungary field strains, green = B = Netherlands field strains, yellow = C = Poland field strains). Gut histomorphology (vil-
lus length, crypt depth, villus-to-crypt ratio) and intestinal inflammation (CD3+) is significantly different between the control and challenge groups
on both sampling days (P < 0.05).
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Figure 5. Box plots showing the iohexol serum concentrations on d 20 (A) and d 21 (B). The strains (A, B, C) of the challenge group are illus-
trated in different colors (blue = A = Hungary field strains, green = B = Netherlands field strains, yellow = C = Poland field strains). The iohexol
concentration was significantly higher in the challenge groups compared to the control group on d 20 (P = 0.0188) and d 21 (P = 0.0031).
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length, crypt depth and the villus-to-crypt ratio) was
evaluated with a multiple linear regression model
(Figure 6).

On d 21, a significant negative association (P = 0.009)
was obtained between the serum iohexol concentration
(measured on d 20) and the villus length. The iohexol
concentration was also significantly associated with the
crypt depth (P = 0.027) and had a borderline significant
association (P = 0.057) with the villus-to-crypt ratio.
The CD3+ % did not correlate with the iohexol concen-
trations on d 21.

For d 22, no significant associations were obtained
between the serum iohexol concentrations (measured on
d 21) and the villus length (P = 0.474) and the villus-to-
crypt ratio (P = 0.118). Only the crypt depth had a bor-
derline significant association (P = 0.055) with the
serum iohexol concentration. The CD3+ % was shown
to be significant negatively associated with the serum
iohexol concentration (P = 0.021).
DISCUSSION

Our study is the first that uses iohexol to evaluate IP
in broiler chickens under intestinal challenge. Previous
studies have demonstrated the effectiveness of iohexol as
a marker for IP in humans and mammals (Klenner
et al., 2009; Wilson et al., 2009; Gerova et al., 2011;
Frias et al., 2012). More recently an experimental study
evaluated iohexol as an IP marker in healthy birds (Wil-
helm et al., 2020). In addition, increased serum iohexol
concentrations after oral administration could be linked
with several gastrointestinal diseases in humans and
rodent models (Halme et al., 2000; Andersen et al., 2001;
Gerova et al., 2011; Ortín-Piqueras et al., 2021). These
conclusions are in line with the present study in which
we were able to measure a quantitative difference in IP
using iohexol in broiler chickens. We observed a signifi-
cant higher iohexol concentration in the serum of
broilers infected with E. acervulina and E. maxima, indi-
cating an altered IP on both sampling days. This result
confirms the effectiveness of iohexol as an IP marker in
avian species as described in Wilhelm et al., 2020. In our
study, we used the protozoa Eimeria to induce IP. This
parasite damages the intestine through developing and
multiplying in the epithelial cells of the gut wall, result-
ing into cell lysis and an elevated gut permeability (Wil-
liams, 2005; Dos Santos et al., 2020). A recent study
demonstrated the dynamic change of the gut permeabil-
ity during a mixed Eimeria infection and concluded that
IP was significantly increased 5 to 7 d post infection
(dpi) for the high-dose treatment (50.000 oocysts of E.
maxima, 50.000 oocysts of E.tenella and 250.000 oocysts
of E. acervulina), with the highest IP at 5 dpi (Teng
et al., 2020). We observed a similar result with a signifi-
cant higher IP at 4 and 5 dpi (i.e., D20 and D21). How-
ever, the experimental setup, different Eimeria species
and/or strains, different Eimeria doses and the use of a
different IP marker need to be taken in consideration.
The molecular weight of the IP marker matters for

passing the gut barrier via paracellular passage (Loehry
et al., 1970). The water soluble marker iohexol has a
lower molecular weight (821.14 Da) compared to the IP
marker FITC-d (MW 4,000 Da) that was used in the
study of Teng et al. (2020). Smaller molecules as iohexol
can diffuse more rapidly through the gut barrier (Loehry



Figure 6. Multiple linear regression results presented in scatterplots for the iohexol serum concentrations of d 20 and the gut histologic parame-
ters of d 21 (A, C, E, G). The bottom row (B, D, F, H) presents the association between the iohexol serum concentrations (d 21) and the gut histol-
ogy (d 22). The strains (A, B, C) of the challenge groups are illustrated in different colors (blue = A = Hungary field strains,
green = B = Netherlands field strains, yellow = C = Poland field strains) and a regression line illustrates the linear association between the gut his-
tology (CD3+ (%), villus length, crypt depth and the villus-to-crypt ratio) and iohexol concentration. A significant association is observed between
the iohexol concentration on d 20 and the gut morphology (villus length, crypt depth, villus-to-crypt ratio) on d 21 (A, C, E), but not between the
iohexol gavage on d 21 and the gut histology on d 22 (B, D, F). The CD3+ (%) on d 22 is only linked with the iohexol concentration on d 21 (H).
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et al., 1970) and could therefore possibly be used to
detect small intestinal alterations in an earlier stage of
the Eimeria infection compared to large molecular
markers, but further research is necessary to support
this hypothesis.

For our study, it was important to know whether the
Eimeria challenge was successful. We used the TMLS
with the individual scores for E. acervulina and E. max-
ima, gut morphology parameters (villus length, crypt
depth, villus-to-crypt ratio), CD3+ % and BW as
parameters for the success rate of the coccidiosis trial.
As mentioned previously, Eimeria spp. damage the
intestinal wall causing gut alterations, induce intestinal
inflammation and a BW reduction (Williams, 2005; Dos
Santos et al., 2020). The results of the current study are
in agreement with previous work showing that birds of
the challenge groups have a higher TMLS lesion score,
higher mean lesion scores of E. acervulina and E. max-
ima, villus atrophy and gut inflammation (Williams,
2005; Schneiders et al., 2020; Teng et al., 2020). The
BW was the only parameter that was not significantly
lower in challenged birds. This is in contradiction with
previous performed studies where it was concluded that
the challenged birds had a significant lower BW (Nabian
et al., 2018; Teng et al., 2020). However, the BW of
broilers can be influenced by several other factors (Bara-
cho et al., 2019) and the number of birds in our study
was not sufficient to evaluate performance. Moreover,
the inoculation dose, type of strain and the duration of
the study has an impact on the performance of the
broilers as well (Taylor et al., 2022).
The iohexol concentrations of our control animals

were lower than the ones measured in layer chickens at
1 mL/kg, corresponding to a dose of 755 mg iohexol/kg
BW (Wilhelm et al., 2020). They measured the iohexol
concentration at 45, 90, and 180 min after the oral
gavage of iohexol. The difference with the control group
values in our study might be due to the higher dose
administered and /or the fasting period (between 2 and
6 h) before the iohexol gavage in the study of Wilhelm
et al. (2020), which generally results in higher concentra-
tions. Several studies observed an increased IP in
broilers after a feed restriction period (Kuttappan et al.,
2015; Vicu~na et al., 2015; Gilani et al., 2018a). In addi-
tion, the analysis of iohexol was performed with a differ-
ent type of analysis, that is, enzyme-linked
immunosorbent assay (ELISA). However, a recent
study observed a strong correlation between iohexol
plasma concentrations measured with ELISA and with
rapid high-performance liquid chromatography-
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ultraviolet detection in canine plasma (Ortin-Piqueras
et al., 2018). Moreover, analysis of iohexol with
UHPLC-MS/MS has also been performed on blood
microsamples, such as volumetric absorptive microsam-
ples using blood volumes as low as 10 mL. This blood
microsampling technique offers great potential in
humans and animals as less invasive technique, espe-
cially in the pediatric population and small animal spe-
cies such as birds, and/or when repetitive blood
sampling is required (Dhondt et al., 2021).

The effect of coccidiosis on the gut morphology and
intestinal inflammation has been widely investigated
(Allen and Fetterer, 2002; Williams, 2005; Nabian et al.,
2018). Alterations of the gut morphology and IP during
a coccidiosis trial have previously been evaluated simul-
taneously (Schneiders et al., 2020; Teng et al., 2020).
However, these studies did not focus on linking IP with
gut morphology nor with intestinal CD3+T-lymphocyte
infiltration. According to our results, IP is significantly
linked with gut morphology parameters 5 dpi. Six dpi,
the IP had only a significant negative association with
crypt depth and gut inflammation (CD3+ %). We can-
not give a possible biological explanation for the latter
negative link.
CONCLUSIONS

In conclusion, we evaluated the nonradioactive con-
trast medium iohexol as an IP marker under Eimeria
challenge. Four and 5 d post infection, the iohexol con-
centration in serum was significantly higher in broilers
infected with E. acervulina and E. maxima. This shows
that iohexol can be a successful marker to measure IP
alterations in broilers with gastrointestinal disorders,
possibly already at an early stage. We were also able to
find significant correlations between the iohexol concen-
tration and gut morphology parameters (villus length,
crypt depth, villus-to-crypt ratio) on 5 dpi. Iohexol
gavage could be one of the alternatives in the evaluation
of gut barrier defects.
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