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SUMMARY

Poultry roundworms have re-emerged in laying hens in many European countries due to the

increase in noncaged housing. This is worrying because, at high parasite loads, Ascaridia galli

can impact birds’ welfare, health, and productivity. Worm control is therefore an important

aspect of the successful management of the egg production industry. In 2009, the Swedish

Egg Association initiated a voluntary control program to tackle the problem and reduce the

appearance of worms in table eggs by encouraging producers to submit fecal samples for anal-

ysis. Since the start of the program, its data have never been thoroughly explored. Moreover,

after more than a decade of challenges, our understanding of how egg producers perceive

worm infection is still inadequate. This study was therefore designed to address these issues.

The research data in the present study are drawn from 2 sources. First, through the control pro-

gram and second, through an online survey. We have summarized the control program’s

achievements and discussed its findings and limitations. Although this work contributes to

existing knowledge of roundworm control in laying hens in general, it also identifies gaps in

knowledge. In conclusion, the control program can be improved by incorporating more strate-

gic sampling and utilizing well-suited diagnostic tools for better assessment of infection status.

It is equally important to educate producers on anthelmintics (AH) use and the development of

resistance.
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DESCRIPTION OF PROBLEM

During the 2000s, an increase in the occur-

rence of Ascaridia galli took place among
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noncaged laying hens in Sweden. Both conven-

tional flocks indoors and free-range flocks were

affected (Jansson et al., 2010). The transition

from conventional battery cages to cage-free

housing systems has been the main reason for

the increased occurrence of roundworms.

Unlike cages, where hens are separated from

their droppings, in litter-based production hens

come in contact with feces, which may contain

infective eggs of several roundworm species

(Thapa et al., 2015). This facilitated the nema-

tode lifecycle and resulted in the re-emergence

of these infections (Jansson et al., 2010, 2011).

A mild infection often passes unnoticed unless

expelled worms are seen or fecal analysis

reveals parasite eggs. However, the magnitude

of the parasite’s impact on the host, such as

reduced growth, increased feed consumption,

decreased egg production, anemia, and diar-

rhea, grows with an increased worm burden

(Hinrichsen et al., 2016). In addition, concur-

rent bacterial infection can have an even greater

adverse impact on the host in contrast to soli-

tary bacterial infections (Dahl et al., 2002; Per-

min et al., 2006).

In the late 2000s, there was an increase in

Swedish consumer complaints about the pres-

ence of ascarids in table eggs. Therefore, the

Swedish Egg Association initiated a voluntary

roundworm control program in 2009, when a

benzimidazole drug was registered for laying

hens in Sweden. Another reason was to encour-

age farmers to diagnose their flocks for parasite

infection before anthelmintic treatment. Guide-

lines on the sampling of parents, pullets and

laying hens, deworming, disinfection of barns,

and follow-up measures were drafted in cooper-

ation with the National Veterinary Institute

(SVA) that performs the diagnostics. The pro-

gram was later integrated as a requirement for

table eggs to be certified by the Swedish Egg

Association (www.svenskaagg.se). A certified

egg can be traced through the entire production

chain and guarantees that the product meets

Sweden’s strict requirements in animal welfare,

food safety, infection control, and product qual-

ity. Since the launch of the control program, no

compiled results have been presented publicly.

A systematic understanding of how egg pro-

ducers perceive worm infection is still lacking.

A search of the literature revealed few studies
aimed at demonstrating producers’ understand-

ing of parasite worm infections and how they

affect the welfare, health, and productivity of

laying hens (Feyera et al., 2022). Despite the

importance of worm infection in laying hens,

there remains a paucity of data on existing sus-

tainable parasite control programs worldwide.

There were 2 primary aims of this study: i)

to analyze data generated within the Swedish

roundworm control program aiming at summa-

rizing its achievements and limitations; ii) to

provide an overview of the Swedish producers’

perception of the impact of parasite worms as

well as on worm control practices. This paper

also compared more modern molecular diag-

nostic tools such as ddPCR with its conven-

tional counterpart, the flotation technique as

used in the roundworm control program. Under-

standing the link between scientific evidence of

the extent of worm infection problems and

producers’ awareness of these problems will

help to provide better consultations and guide-

lines when it concerns the cost-benefit of round-

worm control.
MATERIALS ANDMETHODS

All materials collected for this study were

part of the roundworm control program con-

ducted by the Swedish Egg Association. No

extra animal discomfort was caused for sample

collection for the purpose of this study. An ethi-

cal review by the Swedish Ethical Committee

was therefore not required.

Roundworm Control Program

Fecal samples submitted to SVA during

2019 and 2020 from pullets and laying hens

were included in this study. On each sampling

occasion, the producer collected 4 samples of

feces (0.5−1 dL each) from different locations

in the barn (slats, litter belts, etc.). The follow-

ing data were included on the referral form:

farm and flock identity, production type/hous-

ing, age at sampling, sampling date, and time/

date of the most recent deworming. At the labo-

ratory, the 4 samples were analyzed individu-

ally from pullets while for layers, they were

pooled before analysis. A modified flotation

http://www.svenskaagg.se
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method with centrifugation was used to analyze

the samples at a routine diagnostic parasitology

laboratory at SVA. The fecal samples were first

carefully homogenized and �5 g of feces was

mixed with 30 mL saturated sugar-salt solution

(density: 1.280 g/mL at 25˚C) and poured

through gauze with a 17 £ 17 mm aperture.

The sieved solution was then transferred to a

Clayton Lane test tube and centrifuged for

5 min at 214 £ g with a coverslip,

18 £ 18 mm, on the top. The coverslip was

transferred to a slide and microscopically exam-

ined at 100£ magnification. The number of

eggs was categorized as: i) negative (no eggs),

ii) low (fewer than 10 eggs under the whole

coverslip), iii) moderate (between 3 and 5 eggs

in a microscope field of view), and iv) high

(more than 5 eggs in a microscope field of

view). The 4-graded scale was used to ensure a

semiquantitative fecal egg count (FEC) assess-

ment in a standardized way since it would be

unrealistic to count the total number of eggs

under the coverslip at high parasite egg num-

bers.
ddPCR Analysis

The laboratory at SVA was asked to freeze

all samples (between August 2019 and Novem-

ber 2020) from laying hens after routine analy-

sis, regardless of the results. These samples

were reanalyzed at SLU using a duplex droplet

digital (dd)PCR assay able to differentiate

between Ascaridia galli and Heterakis gallina-

rum as described earlier (Tarbiat et al., 2021).

Briefly, the fecal slurry was obtained by mixing

feces and water with 1:2 ratio. DNA extraction

was then performed in accordance with the pro-

tocol of the NucleoSpin DNA Stool kit using

220 mL of the slurries. We used a single bead

beating step using a universal tissue homoge-

nizer (Precellys Evolution, Bertin Technolo-

gies-le BretonneuxFRANCE) to facilitate egg

disruption. The ddPCR assay was performed

(Applied Biosystems 2720 Thermal Cycler)

under the following conditions: a single reac-

tion (22 mL reaction volume) containing 11 mL

of 2£ ddPCR Supermix for Probes (no dUTP,

Bio-Rad, California, USA), 1.1 mL of each

20£ stock solution for H. gallinarum primers/

probe (FAM) and A. galli primers/probe
(HEX), 1 mL DNA and Nuclease-Free water.

Approximately 20,000 uniform nanoliter-sized

droplets were generated using the automatic

droplet generator (AutoDG Instrument) prior to

the amplification. The parameters for the ampli-

fication steps consisted of 95˚C for 10 min fol-

lowed by 40 cycles of 94˚C for 30 s, 62˚C for

1 min (annealing step), followed by an addi-

tional 10 min at 98˚C. QuantaSoft software

(version 1.7.4.0917) was used to assign posi-

tive/negative droplets. Thresholds were manu-

ally adjusted in order to separate droplet

clusters (channel 1 (FAM dye)—4,000 AU and

channel 2 (HEX dye)—1,500 AU).

Before the molecular analysis, the samples

were kept frozen at SVA for up to one and a

half years. The results of the ddPCR presented

in the present study were regarded as positive if

more than one ITS2-copy were observed above

the 1,500 and 2,400 thresholds for A. galli and

H. gallinarum, respectively.
Survey of Worm Control Practices

An online survey was conducted with

descriptive data being gathered using the

Netigate platform (Netigate AB, Stockholm,

Sweden, www.netigate.net). Invitations to par-

ticipate were: i) sent by email to egg producers

affiliated with The Swedish Egg Association;

ii) announced in a national poultry magazine;

and iii) promoted during an annual meeting for

egg producers in October 2021. The survey was

adapted to be used on personal computers, tab-

lets, or smartphones, with the respondent

remaining anonymous. A structured question-

naire in Swedish (based on 38 questions) was

designed to gather information on farm and

flock characteristics, perceived risks of worm

infections, monitoring practices, as well as

deworming, and other management strategies

related to worm control (Supplement 1, trans-

lated questionnaire). Before distribution, the

questionnaire was pilot tested by 6 poultry vet-

erinarians or other egg industry stakeholders

and 2 egg producers and was revised according

to their suggestions. The questionnaire was

open for 334 d. The original survey and several

reminders were sent by the Swedish Egg Asso-

ciation. Data collection, processing, and distri-

bution are done per GDPR requirements.

http://www.netigate.net
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Statistical Analysis

The SVA FEC result together with the data

on housing and management were summarized

in Microsoft excel where most of the descrip-

tive statistics were performed. The data were

then transferred to GraphPad Prism 8 (Graph-

Pad Softwar, Boston, USA) where graphs were

created. For the online survey, responses were

downloaded to Microsoft excel and checked for

meaningful content. For each variable, a

descriptive analysis was carried out, producing

frequencies for categorical variables and means

and medians for continuous variables, by

respondent characteristics of interest. To mea-

sure the agreement between the results obtained

with the flotation technique and the ddPCR

assay, we calculated the kappa coefficient using

JMP Pro version 16 (SAS Institute Inc., Cary,

NC). To interpret the result, we referred to the

guidelines provided by Landis and Koch

(1977).
RESULTS AND DISCUSSION

We have analyzed data gathered between

2019 and 2020 through the roundworm control

program initiated by the Swedish Egg Associa-

tion in 2009. Three major findings were

obtained. First, a majority of the flocks were

sampled too late during the flock cycle, and

they were sampled only once. Moreover, some

flocks were treated before diagnosis (sample

submission). Second, the results suggest a lack

of efficacy in some flocks. Whether this is due

to anthelmintic resistance warrants further

investigation. Third, the questionnaire data

showed that the number of treatments (without

checking for treatment efficacy) varied between

respondents.

Control Program 2019 and 2020

Pullets. In total, 1,310 samples from 344

flocks from 25 companies were analyzed indi-

vidually. Out of these, 28 (8%) samples were

submitted from organic flocks, 30 (9%) from

enriched cages, and 281 (81%) from indoor

barns/aviaries (missing data, n = 5). The sam-

ples were submitted from pullets between 12

and 18 wk of age with a mean (SD) of 14 §
0.9. None of the flocks had been dewormed

before sampling (missing data n = 19 flocks).

All fecal samples were negative for round-

worms.

Laying Hens. In total, 765 pooled samples

from 620 flocks and 206 companies collected

across all 21 counties in Sweden were analyzed.

Of the 206 companies, 67 submitted samples

from a single flock. Of the remaining 139 com-

panies, 100 submitted samples from multiple

flocks, one sampling occasion (four �0.5−1 dL

of feces) per flock. The rest (n = 39) submitted

samples from multiple flocks, on several occa-

sions from each flock. At flock level, 525 out of

620 (85%) were sampled once. From the

remaining 95 flocks, samples were submitted

on 2 to 9 occasions (2.5 § 1). Sample submis-

sion intervals ranged between 3 and 58 wk

(median: 12) with a mean (SD) of 15 § 11.

More than half of the samples (56%) came

from farms with multitier systems (M) fol-

lowed by organic production (Or, 24%), sin-

gle-tier (S, 13%), 4% free-rage (F,

nonorganic), and 3% from enriched cages

(En). Of all samples, 2% were collected from

flocks at an age of ≤30 wk. In floor-based

housing systems (M, S, and Or) with or with-

out outdoor access, the majority (71%) of the

first samples were collected from hens between

30 and 50 wk of age. In contrast, 63% of the

samples from En and F were collected at an

age of 50 to 70 wk of age (Figure 1).

The results of the SVA analysis (flotation

method) of the first submitted sample from

each flock (multiple samples from the same

flocks were excluded) showed that 281 (45%)

were negative and 339 were positive for ascarid

eggs. Figure 2A presents the breakdown of

these results according to the FEC levels and

housing/production systems. Except for the En

system, there were no significant differences (P

> 0.05) between housing/production systems.

The distribution of these samples based on the

age ranges and the FEC levels are shown in

Figure 2B (missing data n = 12). From the

graph, it is apparent that the lowest infection

pressure, at the time of sampling, was obtained

among those flocks that were sampled at an age

of <30 wk. The infection status of those flocks

(n = 95) that were sampled multiple times dur-

ing the same production cycle is shown in



Figure 1. Breakdown of the first submitted sample (in %) according to age range and housing/production system.
En: enriched cage; M: multitier; S: single-tier; F: free-range; and Or: organic. n: number of flocks.
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Figure 3A. Overall, the infection status was

consistent (negative/negative: NN or positive/

positive: PP) in 67% of the flocks whereas 31%

turned positive from negative and 2% from pos-

itive to negative. The infection status between

consecutive flocks kept in the same barn

(n = 173) is shown in Figure 3B. In this case, it

was consistent between flocks (NN or PP) in

78% of the cases. On the other hand, the infec-

tion status changed from positive to negative in

7% and from negative to positive in 15% of the

cases when flocks were resampled.

Most flocks (79%) had not been treated

against roundworms before submission of the

first sample (Figure 4A) (missing data n = 1). In

total, 56% of these flocks were sampled when

hens were older than 35 wk. Figure 4B shows

the FEC levels in the samples that were sent

from the treated flocks. Among the treated

flocks, 66 pooled samples were taken within 6-

wk post-treatment (WPT) (4.6 § 2.1 SD) of

which 41 (62%) were still positive for round-

worms and they were classified as low (61%),

medium (36%), and high FEC (3%).

ddPCR. In total 323 samples were analyzed

with ddPCR of which, 222 (69%) were positive

for roundworms; either A. galli or H. gallinarum

or both. The proportion of FEC-positive samples

reported by flotation in the same group was

64%. With ddPCR, 14% were positive for both

species while 50 and 5% were monoinfected

with A. galli and H. gallinarum, respectively.

Figure 5A shows the proportion of the positive

samples for the 2 species in relation to the
different housing systems. As can be seen from

the graph, roundworms were detected by ddPCR

assay in all the housing/production systems. Test

results from SVA (flotation test) from the same

samples showed a lack of parasite eggs detection

in the En housing system (Figure 5B). The result

of Cohen’s kappa indicated an overall moderate

agreement of 82% between the 2 tests (Cohen’s

k: 0.59). The number of samples that were classi-

fied as positive by the flotation method was 22

out of which 59% were low, 36% were medium,

and 5% were high. In contrast, the number of

samples classified as positive only with ddPCR

was 37 with ITS2 copy numbers/mL ranging

between 1 and 2,876.
Questionnaire

Respondents’ Information. A total of 54 out

of »300 laying hen companies responded to

our survey of which 48 answered all the ques-

tions (response rate 30%). The responses came

from 17 counties (out of 21) with the highest

representation from €Osterg€otland (20%), V€astra
G€otaland (13%), and €Orebro (9%) counties,

which are all situated in south-central Sweden.

Most of the egg producers (96%) were mem-

bers of the Swedish Egg Association of which

87% had more than 10 yr of poultry farming

experience. A lower proportion (13%) had less

than 10 yr of experience. Most respondents

(78%) identified themselves as the owner of the

company, 35% were managers with leadership

responsibilities and 8% were administrators or
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economists who did not work directly with the

birds.

Farm and Flock Characteristics. According

to the respondents, 79% had conventional egg

production whereas 21% had organic. Most

respondents (85%) selected the multitier aviary

system followed by 14% single-tier, 12% free-

range, and 5% enriched cage operations in their

farm. Most farms (64%) had more than one

flock and 81% housed flocks at different ages.

Forty-eight respondents (96%) stated that their

farm was affiliated with the voluntary round-

worm control program run by the Swedish Egg

Association.

Perceived Intestinal Worm Importance.

When asked if adult worms or parasite eggs had

ever been found in one or more of their flocks,

75% answered “Yes,” 22% said “No,” and 2%

were uncertain about the existence of round-

worms in their flocks. On a scale of 1 to 10

where 1 was the least effect and 10 was the

most, respondents’ responses were on average

6.3 (§2.6 SD), 6 (§2.3 SD), and 7 (§2.7 SD)

for the effect of worm infection on birds’

health, farm workload, and profitability, respec-

tively.

Among the effects on productivity, reduced

egg production was the most common (50%)

effect followed by increased feed consumption

(23%) followed by cracked eggs (16%). Diar-

rhea and soiled bedding material each received

21% of the votes. In the free-text option,

respondents also stated reduced egg weight,

poor general condition, and mortality. How-

ever, 24% of respondents stated that worm

infection had no effect.

About 90% of respondents monitored their

flocks for worm infection using laboratory diag-

nosis (e.g., flotation). The monitoring frequency

ranged from analysis of a single fecal sampling

occasion (60%) to several (30%) per production

cycle. Only a single respondent (2%) indicated

that they never monitored for worm infection.

Likewise, 4% stated that they had stopped send-

ing samples. Both groups stated the reason for

this was because they already knew the results.

When asked if respondents were willing to be

engaged in more frequent sampling (every 8

wk), 53% were positive, 22% disagreed, and

24% were uncertain.



Figure 3. Infection status (flotation test ascarid eggs) in (A) flocks with multiple sampling occasions during the produ tion cycle. (B) Between 2 consecutive flocks in the same
barn. PP: the first sample was positive, and flock/consecutive flock remained positive. PN: the first sample was posi e, and flock/consecutive flock became negative. NP: the
first sample was negative, flock/consecutive flock became positive. NN: first sample was negative, flock remained gative. En: enriched cage; M: multitier; S: single-tier; F:
free-range; and Or: organic. n: number of flocks.
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Figure 4. (A) Anthelmintic treatment status (in %) prior to the submission of the first sample. (B) Flotation results of the samples collected from flocks that were treated prior to the
submission of the first sample. The number of parasite eggs is presented as negative, low, medium, and high. En: enriched cage; M: multitier; S: single-tier; F: free-range; and Or:
organic. n: number of flocks.
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Figure 5. (A) Occurrence (in %) of Ascaridia galli and Heterakis gallinarum in 323 samples according to the ITS-2 copy numbers measured by ddPCR. (B) Results of the flotation
method for the same samples that were tested with ddPCR. The number of parasite eggs is presented as negative, low, medium, and high. En: enriched cage; M: multitier; S: sin-
gle-tier; F: free-range; and Or: organic. n: number of samples.
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Deworming Practices and Anthelmintic Use.

During the past 2 yr, more than half of the

respondents (53%) had dewormed all their

flocks while 18% treated only some. The main

reasons for the treatment were: i) to reduce the

risk of worm appearance in table eggs (74%),

ii) to increase egg production (68%), and iii) to

reduce feed consumption (40%). Many

respondents also stated that they used anthel-

mintics (AH) in response to the recommenda-

tions given by their veterinarians (37%) and

egg packers (31%). Twenty-seven percent (of

which two-thirds were nonorganic producers)

had never used AH during the past 2 yr. The

stated motives were: i) absence of worms

(71%), ii) withdrawal period (14%), and iii)

other reasons (21%) including being organic.

The majority of the respondents who used AH

(46%) treated their flocks for the first time

when the hens were between 36- and 45-wk old

while 20% did the treatment between 26 and 35

wk of age. A single respondent reported that

they treated their flock at around 25 wk of age.

In total, 26% stated that the age of treatment

varied between different flocks. When asked

about the number of treatments per flock, 9%

answered once, 20% 2 to 3 times, 20% 4 to

5 times, and 20% more than 6 times. Around

31% stated that the number of treatments varied

between different flocks. Nearly half of the

respondents (46%) stated that they were uncer-

tain about the effect of treatments on the health

and productivity of the hens. About 38% had a

positive opinion about the treatment effect and

17% had not seen any effect. Positive effects

observed were i) increased egg production

(69%), ii) decreased morbidity (62%), and iii)

decreased feed consumption (54%). While 20%

said that they always checked the success of

treatment through post-treatment fecal analysis,

most respondents (57%) did not monitor the

success of the treatments.

Husbandry Practices. When asked if the

empty barns were cleaned between 2 consecu-

tive flocks, 92% responded “after each flock”

and 8% stated that they only cleaned between

certain flocks. Less than 60% stated that they

use wet or dry cleaning followed by manure

removal (63%), high-pressure cleaning (86%),

and using disinfectants (84%). Some of these

measures were applied in combination.
Regarding the disinfectants, 53% claimed

always using products with known effects

against roundworms whereas, 24% did not use

such products. The most used disinfectant con-

tained the organic compound chlorocresol as

the active ingredient. As for litter management

during an ongoing production cycle, 51%

removed soiled/wet litter, 49% added fresh lit-

ter to the existing litter bed, and 37% had scra-

pers under the slats in the multitier aviary

system. Around 20% replaced the entire litter

bed at least once during a production cycle and

8% stated that they undertook no particular

action. Most respondents (78%) had a down-

time period between different consecutive

flocks of 3 to 6 wk. However, 16% of respond-

ers stated that this period was sometimes

shorter than 3 wk and 6% stated a period longer

than 6 wk.

More than two-thirds of the investigated

flocks had only submitted samples on one occa-

sion from each flock. Thus, the overall sampling

intensity was low. This agrees with the monitor-

ing frequency reported in the questionnaire sur-

vey by more than two-thirds of the respondents.

There are some issues regarding infrequent mon-

itoring that can hinder proper assessment of the

infection level/intensity at the flock level. First,

it is well established that parasite eggs can sur-

vive harsh environmental conditions (Tarbiat

et al., 2015, 2018; Maurer et al., 2021). Thus,

ascarid eggs can be transmitted between differ-

ent houses on the same farm or they can be intro-

duced to other farms or flocks by contaminated

equipment, vehicles, or people at any time dur-

ing a production cycle. This is supported by the

control program showing that the infection status

changed from negative to positive in 30% of the

flocks that were sampled on more than one occa-

sion (Figure 3A). Second, these authors stated

that the samples collected during the daytime

have a higher FEC and therefore higher diagnos-

tic value (Wongrak et al., 2015). Thus, samples

collected strictly at night might (as is sometimes

done in Sweden when samples are obtained

from litter belts), therefore result in low FEC or

perhaps false negatives. Third, in the absence of

a treatment history, a negative result can be mis-

leading. Altogether, it seems that 1 sample per

entire production cycle does not fulfill its pur-

pose. It must be realized that a negative result of
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a single sample just provides a snapshot of the

infection status. Furthermore, the sampling strat-

egy has never been scientifically investigated.

Thus, exploring how well the diagnostic sample

reflects the infection level is of the highest prior-

ity.

The average sampling interval for those

flocks that submitted more than 2 samples was

around 4 mo. However, looking at the question-

naire result, more than half of the respondents

stated that they are willing to send samples

more frequently (every 8 wk). There is an

unambiguous relationship between the early

detection of parasite infection and the ability to

slow down the accumulation of ascarid eggs in

a barn through a more proper treatment regime

and suitable management practices. Although

this will increase the workload, it has been

shown that frequent monitoring combined with

targeted treatment ideally early during the pro-

duction cycle, can significantly reduce the

worm burden and thus is likely to contribute to

improved bird health and production economy

(Tarbiat et al., 2016b, 2022). The high percent-

age of positive samples with medium-high FEC

levels that were taken after 30 wk of age in this

study indirectly confirms the accumulation of

parasite eggs in the environment. From the pro-

ductivity and welfare standpoints, the extra

workload is also worthwhile (Sharma et al.,

2019; Tarbiat et al., 2022). It is important to

highlight that together with worm infections

other complications such as secondary bacterial

infections can drastically affect both welfare

and productivity (Dahl et al., 2002; Permin

et al., 2006). Clearly, a better picture of the

flock’s infection status would be gained by

more frequent sampling.

In general, AH is used in livestock strategi-

cally to control the infection pressure in the

environment. This often means repeated treat-

ments to reduce the adult worm population

whose eggs are passed and accumulate in the

environment. In this study, more than 40% of

the samples were submitted from flocks that

were not treated and were older than 45 wk.

Moreover, responses to our questionnaire

revealed that the use of drugs in treated flocks

varied from a single treatment up to 6 times per

flock. However, of those flocks with more than

3 treatments per flock cycle, only 20% had sent
in follow-up samples to monitor the infection

status or efficacy of the treatment. Hence, it

could conceivably be inferred that AH was

mainly used to briefly reduce the adverse

effects of worms on health and productivity

rather than to strategically reduce the infection

pressure in the barn environment. This indicates

that there is room for improvement in how

anthelmintics are used.

Based on the control program it appears that

there is a difference between AH use in different

housing and production systems (Figure 4A). As

expected, the use of AH was most intense in the

conventional aviary systems according to both

the control program and the questionnaire data.

As for organic production, the use of anthelmin-

tics is allowed if needed, but the withdrawal

time set by EU legislation will most likely

restrict their use. On the other hand, restrictions

on AH use in enriched cage systems do not exist.

Lack of treatment particularly in the enriched

cage systems may partly be explained by the

general consensus on the low occurrence of

roundworms in this type of housing.

What is somewhat alarming is the number of

positive samples taken within 6 WPT. Several

factors may have contributed to this observa-

tion. First, fecal samples collected post-treat-

ment may come in contact with residual

parasite eggs deposited pretreatment. Second,

the role of intestinal passants caused by copro-

phagia of feces containing nonviable parasite

eggs cannot be ruled out (Boes et al., 1997;

Roepstorff, 1997; Tarbiat et al., 2016a). Third,

shortcomings concerning medication could

potentially impair the treatment effects. Those

include incorrect drug preparation, inaccurate

dosing/administration, and the formation of

biofilm in water pipes. Despite these confound-

ers, having such a high number of positive sam-

ples post-treatment raises a critical concern

about the development of anthelmintic resis-

tance (AR). It is therefore important to view

this phenomenon in relation to the recent publi-

cations by Collins et al. (2019, 2022) who

reported AR in A. dissimilis in turkey and H.

gallinarum in the broiler industry in the United

States. Both species are closely related to A.

galli. It is also worth mentioning that positive

samples post-treatment (2 WPT) has been

reported earlier from several Swedish laying
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farms (Tarbiat et al., 2022). A thorough investi-

gation into the underlying factors behind such

an observation is urgent. In the absence of sci-

entifically approved methods, it is important to

develop assays and sampling protocols to assess

AR at the farm level.

As regards molecular diagnostic tools, ddPCR-

based duplex assays have proven to be a reliable

tool for the quantification of parasites of veteri-

nary interest (Elmahalawy et al., 2018; Baltru�sis
et al., 2019). Likewise, Tarbiat et al. (2021) dem-

onstrated that the relative abundance of A. galli

and H. gallinarum in fecal samples can be quanti-

fied in laying hens using this tool. Substantial

agreement was found between the ddPCR and the

flotation method. However, in the present study, a

poorer agreement was achieved. The ddPCR

failed to detect roundworms in 22 samples even

though these samples were categorized as positive

by the flotation method. The most likely cause of

this incidence is damage to the DNA material.

Samples used in our ddPCR were first examined

at a routine laboratory at SVA and after which

they were subjected to storage and freeze-thaw

conditions under which DNA is prone to degrada-

tion as previously shown (H€ogberg et al., 2022).

Still, 37 samples were labeled positive exclu-

sively by ddPCR demonstrating its high sensitiv-

ity. More importantly, according to the ddPCR

results, only 5% of the samples were monoin-

fected with H. gallinarum, whereas 14% carried

mixed infections. This result is in line with previ-

ous studies in Sweden and suggests that the

occurrence of H. gallinarum is low compared to

other countries (Permin et al., 1999; Phiri et al.,

2007; Jansson et al., 2011; Shifaw et al., 2021).

Interestingly, our results showed that not only

both A. galli and H. gallinarum were present in

cage systems but also in a higher percentage

(25%) than previously (4.3%) reported (Jansson

et al., 2010). The reasons for this remain unclear

and warrant further investigation. In addition to

ddPCR, 2 other promising noninvasive diagnostic

methods are available for the early detection of

ascarid infections in laying hens, such as the

detection of antibodies in egg yolk and worm

copro-antigens in feces (Daş et al., 2017; Oladosu

et al., 2022). Comparing the performance and

costs of all 3 diagnostic tools and how each of

these can assist in targeted treatment is another

practical issue of top priority
The questionnaire revealed that the egg pro-

ducers perceive worm infection as of moderate

concern. This together with survey fatigue may

explain the low survey response rate in the cur-

rent study. A similar observation has been

made on Australian laying hen farms (Feyera

et al., 2022). Even though economic reasons,

including product quality assurance (absence of

worm in table eggs), improve egg production

and, lower feed consumption were the main

motives to use anthelmintics, almost half of the

respondents were uncertain about the effect of

the treatment. Interestingly, well over two-

thirds of those who responded indicated that

they didn’t check the success of any treatments.

Although treatment failure against A. galli as a

result of the development of anthelmintic resis-

tance is yet to be reported in laying hens in

Europe, this claim has been strongly contested

in other poultry parasite species in recent years

by several authors (Collins et al., 2019, 2021;

Saemi Soudkolaei et al., 2021). This concern

was further raised in the present study.

In terms of flock management, the respond-

ents, overall, demonstrated that they clean the

barns properly during the downtime period.

Moreover, over half of respondents reported

that they used disinfectants with known effects

against parasite eggs. The active substance in

the most used disinfectants was chlorocresol

which has proved to be effective against A. galli

eggs under laboratory (Tarbiat et al., 2015) and

field conditions (H€oglund and Jansson, 2011).

Only one-fourth of the respondents practiced

complete removal of the litter during ongoing

production. The remaining respondents replied

that they had either partial removal or added

material to the existing litter bed. A search of

the literature revealed a single study on the role

of the litter as a possible source of ascarid infec-

tion in poultry houses (Maurer et al., 2009). The

authors claimed that litter might not be a poten-

tial source of infection because the litter nega-

tively affects the viability and infectiousness of

parasite eggs. A comparison of the control pro-

gram and questionnaire revealed that despite

proper sanitation, most farmers experienced

moderate to high levels of parasite infection in

their flocks. According to the control program,

nearly half of the barns stayed positive or

become positive between consecutive flocks
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(Figure 3B). This suggests that sanitation is not

a stand-alone activity and will be effective only

when combined with other measures. Having

said that, all evidence points to the complexity

of eradicating ascarid infection once it is estab-

lished (Heckendorn et al., 2009). In accordance

with the present results confirming the lack of

infection among pullets, previous studies have

demonstrated that new flocks are exposed upon

arrival (H€oglund et al., 2012).
CONCLUSIONS AND

APPLICATIONS

1. The program, in its current state, is limited

in what it can deliver, that is to say, detect-

ing and predicting roundworm infection

levels which is essential to formulate recom-

mendations intended for egg producers to

control ascarid infections.

2. It is essential to encourage more frequent moni-

toring, starting earlier in the production cycle.

3. More reliable sampling techniques and

novel diagnostic tools should be evaluated

to better reflect the parasite species present

and the level of infection. This will help us

establish a greater degree of accuracy in

monitoring ascarid infections in laying hens.

4. It is important to educate producers on the

benefits of optimal treatment strategies, the

importance of monitoring treatment effi-

cacy, and the consequences of the develop-

ment of drug resistance.
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