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A B S T R A C T

Resistance to benzimidazole (BZ) anthelmintics is a widespread problem in parasitic nematodes that infect 
production animals such as sheep and goats, and an emerging issue in ascarid parasites of poultry. Ascarid 
parasites are highly prevalent across commercial poultry species and are associated with significant production 
losses. The BZ drug fenbendazole (FBZ) is the only approved treatment for ascarid infections in poultry, and 
previously, FBZ resistance has been identified in Ascaridia dissimilis, the large ascarid of turkeys, and Heterakis 
gallinarum, the cecal ascarid. Here, we have conducted a small-scale survey of the prevalence of resistance by 
screening FBZ efficacy against thirteen isolates of Ascaridia galli and eight isolates of H. gallinarum. Four weeks 
after initial infection, treated animals received FBZ (SafeGuard Aquasol) for five days, per the manufacturer’s 
directions. One week post-treatment, animals were necropsied for parasite quantification to determine treatment 
efficacy. A single isolate of A. galli and all of the isolates of H. gallinarum were found to be resistant. This finding 
demonstrates that resistance has emerged in all three major species of poultry ascarid and is potentially common 
in H. gallinarum, highlighting that resistance is a major problem to be considered. Poultry production lacks other 
approved options for mitigating ascarid infections, and as resistance increases in prevalence, production loss 
associated with infections will continue to increase, impacting the economics of the industry. The current study 
uses sampling and screening of parasites. Methods for larger-scale screenings are necessary to understand the full 
scope of resistance within poultry production, necessitating partnerships with production operations and 
country-wide sampling efforts. However, from our survey, it is clear that stakeholders should be aware of the 
concerns associated with resistance, and that the industry should consider the development of new treatments 
and management strategies for parasite control.

Introduction

Nematode parasites are nearly ubiquitous on commercial poultry 
farms. Surveys have found that 98.6 % and 96 % of commercial chicken 
farms are infected with the ascarid parasites Ascaridia galli and Heterakis 
gallinarum, respectively (Yazwinski et al., 2013). A. galli is a large (7–8 
cm) ascarid nematode that lives in the small intestine, and although 
infections are typically subclinical, they can be associated with consid
erable production losses, impacting feed conversion, egg laying, as well 

as egg quality (Sharma et al., 2018; Collins et al., 2021). H. gallinarum is 
a small ascarid nematode (~1 cm) that lives in the ceca and causes no 
overt pathology or production losses in single species infections (Cupo, 
2019). However, H. gallinarum is a vector of the protozoan parasite 
Histomonas meleagridis, the causative agent of histomoniasis, more 
commonly known as blackhead disease (Tyzzer, 1934). Histomoniasis 
causes inflammation and necrosis of mucosal tissues and can be asso
ciated with significant mortality and production loss in infected animals, 
especially in turkeys (Tyzzer, 1934). To control the deleterious effects 
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associated with A. galli and H. gallinarum infections, anthelmintics are 
used to treat nematode infections in poultry.

Currently, the only US Food and Drug Administration (FDA) 
approved treatment for nematode parasites in poultry is the benzimid
azole (BZ) compound fenbendazole (FBZ) (Hoechst-Roussel-Vet, 2000; 
Hauck, 2024). Used for the past 25 years, FBZ has historically been 
associated with high efficacy against A. galli, H. gallinarum, and Ascaridia 
dissimilis, the large ascarid nematode of turkeys. However, resistance to 
BZ compounds is widespread in veterinary medicine and has previously 
been validated in ascarids of poultry (Crook et al., 2016; Collins et al., 
2019, 2022). Loss of FBZ efficacy against A. dissimilis was first reported 
in 2013 (Yazwinski et al., 2013) and later validated in 2019 in a 
controlled efficacy study (Collins et al., 2019). In 2022, resistance to 
both the label and a double dose of FBZ was found in an H. gallinarum 
isolate (Collins et al., 2022). The emergence of poultry ascarid resistance 
to FBZ is of particular concern because of the lack of approved alter
native treatments (Hauck, 2024). Without efficacious treatments, the 
detrimental effects associated with ascarid infections will proceed un
abated, reducing the profit margins of poultry production. In addition, 
no treatments are available for histomoniasis, and FBZ-resistance in the 
H. gallinarum vector further limits control efforts. Given the importance 
of nematode management in poultry production, a broader survey of 
FBZ resistance on poultry farms is necessary to better understand the full 
scope of the problem.

Here, we have sampled thirteen isolates of A. galli and eight isolates 
of H. gallinarum from farms in South Carolina and Pennsylvania. We 
collected nematode embryos from each farm and tested FBZ efficacy in a 
controlled laboratory setting by infecting naïve animals and treating half 
of the animals with the label dosage of FBZ. Treatment efficacy was 
determined by counting nematode burdens in untreated and treated 
animals using the World Association for the Advancement of Veterinary 
Parasitology guidelines for poultry (Yazwinski et al., 2022). Resistance 
was detected in a single isolate of A. galli and all eight isolates of 
H. gallinarum tested, indicating that resistance is likely an emerging 
problem in A. galli but is highly prevalent in H. gallinarum.

Materials and methods

Collection of parasite isolates

Isolates of A. galli and H. gallinarum were collected from commercial 
broiler-breeder farms and diagnostic samples from layer and broiler- 
breeder farms, as well as one backyard flock (Fig. 1, S File 1). Litter 
from farms or intestinal and cecal contents were first suspended in a 2:1 
weight-to-volume ratio of tap water. The suspension was washed 

through two sieves, measuring 105 μM and 32 μM. The smaller of the 
sieves was monitored for lack of flow, at which point, the contents of the 
sieve were collected in 50 mL conical tubes. A plastic wash bottle filled 
with distilled water was used to rinse the sieve. After rinsing, the 
remaining debris in the 105 μM sieve was discarded. The process was 
repeated until all of the suspension had been sieved. The 50 mL conicals 
were centrifuged at 1100 rpm (253 g) for three minutes to pellet the 
sample. Excess liquid was aspirated off the top of the pellet. A sodium 
nitrate solution (Vedco, FecaMed, St. Joseph, MO, specific gravity of 
~1.27) was then added to the pellet for a total tube volume of 45 mL. 
Samples were resuspended and then centrifuged at 1100 rpm (253 g) for 
three minutes to pellet the sample. The supernatant was poured over a 
32 μM sieve, washed with distilled water to remove sodium nitrate and 
then washed into a 15 mL collection tube using a bottle filled with 
distilled water. Embryos were allowed to settle, and then liquid was 
aspirated to leave a total volume of 5 mL of embryos in distilled water. 
Embryos were fully resuspended by vortexing, and five 20 μL aliquots 
were pipetted onto a microscope slide. The number of embryos in each 
aliquot was counted, the average taken, and the estimated yield of 
embryos calculated. Embryos were resuspended in a total volume of 10 
mL of distilled water and transferred to a 75 mL uncoated culture flask. 
Flasks were stored horizontally at room temperature for at least three 
weeks to allow embryo development to the infective stage with regular 
shaking and liquid added as needed.

Infection and treatment of chickens

Animals were received as day-old chicks from either Sunnyside 
Hatchery (White leghorns) (Beaver Dam, WI) or Longenecker’s Hatchery 
(Ross 308) (Elizabethtown, PA) for each experiment and allowed to 
acclimate for one week. Animals were kept and handled under Johns 
Hopkins University IACUC approval (AV23A260). Each animal was then 
orally gavaged with ~200 infective-stage embryos of A. galli or 
H. gallinarum concentrated in 0.5 mL of water. Untreated and Treated 
animals were co-housed in the same room, and leg bands were used to 
distinguish infection and treatment groups. Animals were provided feed 
(Purina Unmedicated Start and Grow, St. Louis, MO) and water ad libi
tum. Four weeks after infection, animals in the groups to be treated were 
given FBZ by oral gavage (SafeGuard Aquasol, 1 mg/kg BW for five 
days) at a dosage representing 1.25 times the average body weight (BW) 
to account for variation and growth. Treatment was repeated at a similar 
time each day for five days.

Fig. 1. Location of farms sampled. Sampling locations are shown for A) Pennsylvania and B) South Carolina. Squares indicate that only A. galli was collected from the 
farm, and circles indicate that both A. galli and H. gallinarum were collected.
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Necropsy and nematode quantification

Seven days after the final day of FBZ treatment, animals were hu
manely euthanized using carbon dioxide asphyxiation until a pulse was 
no longer detected. Cervical dislocation was used as a secondary method 
to confirm death. The intestine and ceca were collected from each ani
mal by first making a medial cut into the skin under the keel. Skin and 
tissue were cut along each side of the breast, and then the breast was 
opened towards the head to open the body cavity. The fascia were cut, 
and the intestinal tract was pulled from the body cavity. The small in
testine was collected by cutting a section from the duodenum to just 
below Meckel’s diverticulum. Ceca were removed by cutting at the 
ileocolic junction. The small intestine was opened longitudinally, and 
parasites were recovered and counted by gross examination of the 
contents. Ceca were placed over a 32 μM sieve and sliced longitudinally. 
Cecal contents were rinsed from the tissue, and the contents were rinsed 
well through the sieve using distilled water. Nematodes collected on the 
sieve were washed into 50 mL conicals using distilled water, transferred 

to 10 cm petri dishes, and counted using a dissecting microscope.

Statistical analysis

Efficacy of each isolate was determined as: 

Efficacy = ((Mean parasites per untreated bird)

− (Mean parasites per treated bird))/(Mean parasites per untreated bird)

Mann-Whitney U-tests were performed in R (4.4.2) (R Core Team, 
2020) to determine significant differences between the Untreated and 
Treated groups for each isolate.

Results

Ascaridia galli

Isolates of A. galli were collected from thirteen farms in either South 

Table 1 
Efficacy of FBZ against each A. galli isolate. Resistant isolates are shown in red. 
Standard error (SE) shown in parentheses.

Farm Avg. parasites Untreated 
(SE)

Avg. parasites Treated 
(SE)

Efficacy (SE)

PA1 21.8 (11.53) 0 (0) 100 % (74.77)
PA2 9.75 (3.14) 0.14 (0.14) 98.53 % 

(45.29)
PA3 7.6 (1.83) 0 (0) 100 % (34.11)
SC1 4 (0.71) 0 (0) 100 % (25)
SC2 4.83 (1.62) 0 (0) 100 % (47.43)
SC3 33.83 (10.87) 11.5 (6.66) 66 % (43.24)
SC4 10.14 (3.2) 0 (0) 100 % (44.65)
SC5 35.6 (8.52) 0 (0) 100 % (33.84)
SC6 13.4 (2.66) 0 (0) 100 % (28.04)
SC7 0.14 (0.14) 0 (0) 100 % (141.42)
SC8 9.4 (1.86) 0 (0) 100 % (27.98)
SC9 9.17 (4.56) 0 (0) 100 % (70.41)
SC10 16.75 (5.24) 0 (0) 100 % (45.12)

Fig. 2. FBZ efficacy (1.25 mg/kg body weight over five days) in isolates of A. galli, faceted by farm of origin. Means are shown as bars for each farm with standard 
deviations. The number of parasites recovered from each infected animal is shown as points. Statistical significance is shown above each treatment comparison (p >
0.05 = ns, p < 0.05 = *, p < 0.01 = **, Mann-Whitney U test).

Table 2 
Efficacy of FBZ against each H. gallinarum isolate. Resistant isolates are shown in 
red. Standard error (SE) shown in parentheses.

Farm Avg. parasites Untreated 
(SE)

Avg. parasites Treated 
(SE)

Efficacy (SE)

PA1 3.8 (0.86) 2.6 (0.93) 31.58 % 
(34.05)

PA2 5.2 (1.07) 5.2 (0.58) 0 % (23.39)
PA4 8.63 (1.59) 3.86 (0.96) 55.28 % 

(23.85)
SC3 5.17 (0.87) 4.17 (0.95) 19.35 % 

(25.11)
SC5 3.4 (1.25) 1.4 (0.6) 58.82 % 

(46.13)
SC6 2.2 (1.11) 2.2 (1.11) 0 % (71.58)
SC9 1.67 (0.84) 6.33 (1.33) 0 % (170.38)
SC10 4.25 (0.75) 2 (0.71) 52.94 % 

(25.99)
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Carolina or Pennsylvania. After five days of FBZ treatment, infected 
animals were humanely euthanized, and parasite burdens were quan
tified. Efficacy was calculated, and statistical comparisons between the 
Untreated and Treated groups for each isolate were made using the 
Mann-Whitney U-test. Twelve isolates were found to be 100 % FBZ 
susceptible, with the caveat that SC7 had low parasite establishment in 
the Untreated group. However, the SC3 isolate was found to have 
significantly reduced efficacy (67 %) (Table 1, Fig. 2), and no significant 
differences were observed between the Untreated and Treated groups (p 
= 0.49).

H. gallinarum

Isolates of H. gallinarum were collected from eight farms in either 
South Carolina or Pennsylvania. Evaluation and analysis of FBZ efficacy 
was performed as for A. galli. All eight isolates screened were found to be 
resistant to FBZ treatment, with efficacies ranging from 19.35 to 66 % 
(Table 2, Fig. 3).

Discussion

Despite the near ubiquity of BZ resistance in many nematodes of 
veterinary importance, BZ resistance in ascarids remains poorly studied. 
We have previously confirmed and validated FBZ resistance in 
A. dissimilis and H. gallinarum (Collins et al., 2019, 2022). Here, we go 
one step further to examine efficacy across several farms, documenting 
the first confirmed case of resistance in A. galli and highlighting wide
spread resistance in H. gallinarum.

We screened thirteen isolates of A. galli and eight isolates of 
H. gallinarum to determine FBZ efficacy in a controlled research setting. 
We identified a single resistant isolate of A. galli, indicating that resis
tance is likely an emerging problem and prevalence is likely to increase 
without new treatments. Additionally, A. galli is the third ascarid species 
of poultry with a validated resistant isolate. Resistance in A. galli and 
H. gallinarum has so far been found only in isolates collected from either 
commercial layers or broiler-breeders (Collins et al., 2022). Similar to 

commercial turkey production, where FBZ-resistant A. dissimilis was 
found, both production types involve birds living for an extended pe
riods compared to commercial broilers. Each time a parasite population 
is exposed to treatment, selection is applied and mutations that confer 
resistance increase in frequency over time. The extended lifespans in 
breeders and layers necessitate repeated treatments of the same birds 
and parasite populations, which amplifies selective pressure, increasing 
the odds of resistance emerging (Jackson and Coop, 2000). Over time, 
resistance is likely to emerge in parasites on broiler farms, albeit likely 
more slowly because of reduced selective pressures.

Although not a major health concern in poultry, the emergence of 
resistance in A. galli could have a substantial impact on production 
because of the potential economic costs associated with FBZ resistance. 
In A. dissimilis-infected turkeys, when feed conversion was compared 
between animals infected with either a susceptible or resistant isolate, 
animals infected with resistant parasites and treated on a typical 
schedule had significantly decreased feed conversion efficiency over a 
10-week growth period (Collins et al., 2021). If new interventions are 
not found, chicken production could face diminishing profit margins.

All eight isolates of H. gallinarum screened were found to be resistant, 
demonstrating potential differences in how parasite burdens accumulate 
and persist in poultry. H. gallinarum burdens have been shown to persist 
throughout the bird’s lifetime (Stehr et al., 2018), and in longer-lived 
animals, selection on parasites is likely stronger due to repeated use of 
FBZ throughout the host’s life. Resistance in H. gallinarum is of particular 
concern because of its role as a vector for H. meleagridis. Although 
transmission of histomoniasis within a flock is typically from bird to 
bird, H. meleagridis quickly dies in the environment (Lotfi et al., 2012), 
making transmission of H. meleagridis infections to subsequent flocks 
dependent on protozoa surviving in the embryos of the ascarid vector. 
The removal of effective arsenical treatments for histomoniasis is 
believed to have led to an increase in prevalence in chickens (Grafl et al., 
2011; Dolka et al., 2015; Clark and Kimminau, 2017). Our results 
indicate that loss of effective vector control is likely another underlying 
cause of increased prevalence of histomoniasis.

Overall, we have demonstrated that resistance is present across all 

Fig. 3. Fenbendazole efficacy (1.25 mg/kg body weight over five days) in isolates of Heterakis gallinarum, faceted by farm of origin. Means are shown as bars for each 
farm with standard deviations. The number of parasites recovered from each infected animal is shown as points. Statistical significance is shown above each 
treatment comparison (p > 0.05 = ns, p < 0.05 = *, p < 0.01 = **, Mann-Whitney U test).
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three species of poultry ascarids and, within our small sampling of 
populations, is ubiquitous in H. gallinarum. However, these data repre
sent small-scale screenings of a few farms within two states and are not a 
representation of the industry at large. Large-scale sampling across all 
production types throughout the US is necessary to ascertain the full 
scope of resistance. Broad-scale in vivo screenings, such as those per
formed here, of hundreds of farms are not feasible because of the costs 
associated with performing controlled efficacy testing, necessitating a 
higher-throughput method of screening for resistance. In parasites of 
small ruminants, high-throughput diagnostics for resistance have been 
created using deep-amplicon sequencing (Avramenko et al., 2019), 
which enables sequence-based analysis for known resistance markers for 
many isolates at one time. However, our preliminary data and published 
reports from the horse ascarid Parascaris univalens (Martin et al., 2021) 
indicate that FBZ-resistance mechanisms are unique in ascarids when 
compared to H. contortus. Therefore, it is necessary to study the genetics 
of ascarids to determine mechanisms of BZ resistance so that diagnostic 
tools can be developed using a defined set of resistance markers in as
carids. Using new diagnostics, broad surveys of different poultry pro
duction types can be conducted to obtain more significant sampling of 
the prevalence of BZ resistance in poultry ascarids. Insights from such 
surveys could then be used to develop new management strategies for 
FBZ-resistant parasites, as well as act as an impetus for the development 
and use of new treatments in poultry production.
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