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Abstract: Problem statement: In a previous study, the exposure of broiler chickéo a weak
Electromagnetic Field (EMF) reduced the severityaafoccidiosis infection. The birds were infected
by gavage into the crop which was not represemdtiv the field situationApproach: The possible
anticoccidial activity of EMF was investigated imober chickens with a simulated, commercial
coccidiosis infection. There was an uninfected arfdcted group not receiving further treatment.
Another uninfected and infected group were subgetbeEMF treatment. The infection was induced
by adding to the litter a mixture & acervulina, E. maxima andE. tenella. EMF treatment lasted for
30 min day"; the field strength within the cages was set taT®&sla rms.Results: Infection with
Eimeria resulted in a transient reduction of growth parfance in the control chickens. Exposure to
EMF counteracted the effect of infection on grow#rformance. EMF treatment had no effect on
oocyst shedding. In the infected birds exposedMid-Ethe lesion scores related to the thEdmeria
species were generally lower than in the infectmutrols. Due to cross-contamination, the uninfected
birds also showed intestinal lesions, the sevdr#ing less than in the infected chickens. In the
uninfected birds, EMF treatment also had reducedsgwverity of the lesion€onclusion: In this
study EMF exposure protected against coccidiosidrailer chickens. Consequently, EMF was
considered as a possible alternative to anticoaicihtigs.
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INTRODUCTION The invasion of theEimeria sporozoites into the
intestinal epithelium results in massive infiltati of
Coccidiosis is a common infectious disease inmacrophages, granulocytes and lymphocytes into the
poultry, causing major economic losses. The pranozo lamina propria. The macrophages modulate the
parasite of the genuEmeria multiplies in the intestinal severity of the infection and the lymphocytes, in
tract of poultry and produces tissue damage, liegut  particular CD4 T cells, act as inducer of an effective
reduced growth and increased susceptibility toimmune response. Both  macrophages and
pathogens such as Clostridium perfringens, leatting lymphocytes are the source of cytokine production i
necrotic enteritis (Maxey and Page, 1977; Shairsé.,  the intestine duringEimeria infection and thereby
1985). TheEimeria species have a complex life cycle modulate the immune response (Brestdal., 1997;
that occurs outside the host (exogenous stages) amdlehoj, 1994; Lillehoj and Trout, 1996). It hasén
inside the host (indigenous stages). During theeported that an electromagnetic field (EMF) causes
indigenous stage, there are both intracellular andtress at the cellular level, leading to the praiduncof
extracellular stages and both asexual and sexualytokines followed by an enhanced immune response
reproduction. The complex life cycle of thkémeriais  (Simko and Mattsson, 2004). We hypothesized that
associated with complex host immune responseseto thexposure of broiler chickens to EMF may antagonize
parasite (Lillehoj, 1994; Lillehoj and Trout, 1996) the effects of coccidiosis infection. Indeed, iriter
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chickens infected with aRimeria mixture containing Experimental design: The experiment had ax2
E. acervulina, E. maxima andE. tenella, the exposure factorial design with 8 replicates, each replicate
to EMF was shown to counteract the decrease igonsisting of 8 birds. On day 13, the broilers were
weight gain and feed intake as well as theweighed and divided over the 4 experimental gragps
development of intestinal lesions (Elmushaeafal.,  that the weight distributions of the groups wereiir.
2007). There was an uninfected and infected group not
In our previous study (Elmusharetfal., 2007) the _receiving further treatment. Another uninfected a_nd
chickens had been infected with a mixtureEaferia  infected group was subjected to EMF treatment, hic
by a single dose administered through gavage Hmgo t Was started on day one. The infection with a mexioif
crop. Infection through gavage with a single higisel EiMeria species was done on day 15 (Table 1). Under
of inoculum has no similarity with the field sitign ~ €ach cage of the EMF treated birds, there was a
and might result in results with no practical reiege. Magnetic coil, consisting of 50 loops of 1.5 mm

Standardized infection through the litter mimice th E/€Ctricity wire. The coils were connected via &ys
field situation, but can be done under controlledbank to an amplifier and signal generator contcoliy

conditions and allows experimental flexibility arad a microprocessor, which regulated the period oetim

large number of experimental units within the reska and the EM field per cage. The EMF treatment period
facility (Elmusharakt al., 2010). lasted for 30 min and was given to each cage

. . . ,._consecutively and once per 24 h. The field strength
_In the present study, the possible anticoccidialyimin the cages was set touFesla rms, verified by a
activity of EMF was further investigated. In braile g\ Bell 5180 Tesla meter with a MOS51-3204 Low
chickens, a natural progression of coccidial inéect fiq|q probe. In order to avoid any effect of EMF
was simulated by adding to the litter a migtof  eyposure on the other groups, the EMF-free and EMF-
E. acervulina, E. maxima andE. tenella. The effects of  jnfected groups were housed in adjacent rooms mithi

EMF exposure on growth performance, intestinakhe facility. The cages of the uninfected and itédc
lesions and oocyst excretion were measured. groups had evenly distributed locations.

MATERIALSAND METHODS Experimental infection procedure: To test the

anticoccidial activity of the EMF, a natural simiide

Birds and housing: About 272-one-day-old female of a coccidial infection within the broilers’ teftcility
broilers (Ross 308) were purchased from a localvas developed. This was accomplished by placing bot
hatchery. On the day of arrival (day 1), they wemeg-  infected groups on day 15 in new litter seeded with
banded and randomly housed in wire-floor, suspendegporulated coccidial oocysts. The infected chickens

cages. Each cage was provided with thick foil aedav  would pick up the oocysts from the sekdier.
shavings as litter. Continuous lighting was prodide

throughout the experiment. The temperature in th@able 1: Post-infection growth performance for fitier experimental

cages on arrival of the birds was 32°C and then_____ 9roups
gradually decreased to 20°C at the end experiment. Zsé'ab'e Contrl EMF booled

. . . _days PI Uninfected Infected Uninfected Infected SEM
Diets: Starter and grower diets were used. The diets d.gody weght (g)
not contain growth promoters or coccidiostats. Thepay6 738 658 690° 684 15.75
starter diet was offered until day 13, followed thyp ~ Day 13 1183 102  119F 1216  25.04

grower diet. The ingredient composition of the sliet Day 21 1648 1539 170r 1686 3731

Weight gain (g day™)

was as follows (g Kg diet as fed; starter/grower): pays 1-6 50 45 45° 46 154

Wheat (250/500), soybean meal (49% crude proteinpays 7-13 65 56° 66 67 2.08

(345.5/253.7), corn (27.50/12.29), animal fat D:e{j1_4-2i " f;)l 65 67 68 3.93
intake (g day™

(4.00/500), extracted rape seed meal (2.00/3.00}5ays e g5 - 26 26 220

soybean oil (1.87/1.39), corn gluten (1.0522/0.000)p,ys 7.13 117 108 116 118 268
premix (0.50/0.50), salt (0.2119/0.1902), sodiumpay 14-21 139 142 141 136 5.01
bicarbonate (0.2367/0.2295), monocalcium phosphat&eed Conversion Ratio (FCR)

(1.0995/0.4276), limestone (1.4674/1.0469), DL-Pays16 1 1.69 1.67 164  0.037

_ b
methionine  (0.2695/0.2146),  Lysine  HCl pae ira1 256 220 ous a0z oais

(0.1723/0.2418), L-threonine (0-0638/9-0855)- pbgta 3 & Mean values within the same row with differenpescript
(0.0100/0.010). Throughout the experiment, the ird letter are significantly different (p<0.05). Dateegpresented for 8
had free access to feed and tap water. cages per experimental group
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Individual birds would ingest different numbers of infection caused a significant growth depressionngu
oocysts at different times, which mimic a natural,the first 2 weeks in the control birds, but nottlhose
progressive infection. The uninfected groups wégieqnl  exposed to EMF. During days 1-6 PI, the uninfected
in a clean litter. Sporulated oocysts Bf acervulina ~ EMF-treated chickens displayed lower weight gaanth
(Weybridge strain),E. maxima (Weybridge strain) did the uninfected controls, but this differenced ha
and E. tenella (Houghton strain) laboratory strains disappeared during the subsequent periods. In the
were used in this study. The numbers of each specigeriod of 7-13 days PI, the infected EMF-treated
mixed into the wood shavings were equivalent tochickens grew significantly faster than did theeted
1.76x10° E. acerwulina, 1.25x10* E. maxima and controls. The infection produced a decrease in feed
7.5x10° E. tenella per bird. The infected litter was spread intake in the control chickens during days 1-6 @ntB
across the back half of the cage. The oocysts werBl, but feed intake was left unchanged in their
obtained from the Animal Health Service Ltd., Poult counterparts exposed to EMF. In the control bitbs,
Health Centre (Deventer, the Netherlands). infection caused an increase in the feed conversitm
during days 7-14 PI. In the EMF-treated chickehs, t
Performance measurements. Birds were weighed infection did not influence the feed conversioriaat
individually on days 15, 21, 28 and 35. Feed intaks o ) ) )
measured per Cage on a Week'y basis. Average feéEpCCIdIOSS |nfeCt|0n: The Un|nfected Ch|C.ke-nS were
intake per broiler within a cage was calculated andound to shed oocysts with the faeces, pointingrass

corrected for dropouts, if any. Mortality was regied ~ contamination (Table 2). On day 6 PI, the OPG \alue
on a daily basis. were significantly higher in the infected than the

uninfected birds, irrespective of whether they baén
Infection measurements: The number of Oocysts Per exposed to EMF or not. Among the EMF-treated
Gram faeces (OPG) was determined for excretzhickens the infected animals, consistently showed
collected on days 6, 13 and 21 Post Infection (Pl)higher OPG values than did their uninfected
Oocyst shedding was assessed on one sample @bunterparts. Among the control chickens, the iefeic

homogenized fresh excreta collected from each cagend uninfected animals had similar OPG values s da
The modified McMaster counting chamber technique of|3 3nd 21 PI.

Hodgson (1970) was used. A 10% (w/v) faeces
suspension in a salt solution (151 g NaCl miixed Table 2: Number of Oocysts Per Gram faeces (OP@jeszed as
1L of water) was prepared. After shaking thordygh logif(X+1) for the four experimental groups

: ; : Variable Contrdi EMF
1 mL of the suspension was mixed with 9 mL of 4 sal pooled

solution (311 g of NaCl mixed into 1 L of waterhdhn,  daysPl  Uninfected Infected Uninfected Infected SEM
the suspension was put into the McMaster chamlieg us Day 6 1.712b 4.03% 2.16% 3.98$ 0.606

i i ay13  3.25 457 2.05 4.38 0.553
a micropipette and the number of oocysts was cdunteBay 51 aom 3818 23n8 3656 0387
and expressed per gram of faeces (Peek and Landmayye 17198 4032 2168 3988  0.606

2003). The severity of coccidial lesions was scaved = Mean values within the same row with differenpetscript letter
day 6, 13 and 21 PI while the investigator wasdadthto  are significantly different (p<0.05). Data are mmted for 8 cages per
treatment modality. The 0-4 scoring system desdribe  experimental group

(Johnson and Reid, 1970) was used.

Table 3: Intestinal lesion scores p&imeria spp. for the four
experimental groups

Statistical analysiss The oocyst values were Controf EME

logarithmically transformed [lag(X+1)] to create a score per

normal distribution and lesion scores were tramsémt Eimeriaspp. Uninfected Infected Uninfected Infected  pseal
using multinomial transformation. Lesion scorestftg  Day6PI

; ; ; acerwulina 0.4440.16 244013 0.440.13 2.06:0.13 <0.05
varlous experlmental groups were Compared using thEn‘axin‘a 0.13+0.09 2.25+0.17 0.08:0.06 1.680.12 <0.05

non-parametric Mann-Whitney U test. Performance ané engla  0.13%0.09 1.58:0.13 0.08:0.06 1.56:0.18 <0.05
oocyst data were subjected to the LSD test. Theay13Pi

statistical program SPSS (SPSS Inc, Chicago, USAF acerwiina 1.06:0.19 1.62“10.15 0.36}%0.13 1.4;%0.16 <0.05
o L ! .maxima  0.56+0.16 1.65%0.15 0.06+0.00 1.13+0.18 <0.05
was used. The level of statistical significance wa tendla 0194010 138015 007007 094+0.11 <0.05
preset at p<0.05. Day 21 Pl
E.acerwulina 1.38%0.27 1.75:0.17 0.940.19 1.28:0.13 <0.05
RESULTS E maxima  1.50%0.33 2.18%0.15 0.58t0.22 1.25%0.18 <0.05
E. tenella 0.5640.16 1.38t0.15 0.15:0.09 1.17+0.11 <0.05
G th f ! Post-infecti a b < d Mean values = SE within the same row with differe
row performance. ost-intection superscript letter are significantly different (p&®). Data are

performance data are presented in Table 1. ThSresentedforlG birds per experimental groupipe point
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The uninfected birds showed intestinal lesions a&EMF exposure. This observation may not be surpgisin
would be expected based on oocyst shedding (Tgble 3Docyst shedding only reflects the intensity of the
However, the severity of the lesions in the unitddc infection at the time of sampling (Hodgson, 1970).
birds was consistently lower than in the infectedindeed, various workers have reported that oocyst
chickens. Lesion scores due BEo acervulina and  production correlates only poorly with the perforoa
E. maxima on days 6 and 21 Pl in the infected chickensof broiler chickens (Jeffers, 1975; Williams and
were significantly lower in EMF-treated animalsnhia  Catchpole, 2000; Wiliams and Andrews, 2001).
the controls. The lesions causedthytenella were less  Moreover, Reid (1975) has criticized the use ofysbc
severe on days 13 and 21 PI for the infected EMFshedding as the only index of the anticoccidialvitgt
treated chickens versus the infected controls. @ysd of drugs because medicated chickens may even pgoduc
13 and 21 PI, the uninfected chickens exposed t&- EMmore oocysts than do un-medicated chickens. If amy,
had lower lesion scores than the uninfected castrol this study, the anticoccidial activity of EMF was
but the difference not always reached statisticahssociated with a tendency towards diminished
significance. excretion of oocysts.

Examination of the intestine on day 6 Pl showed
DISCUSSION that in the infected birds exposed to EMF the lesio
scores related tB. acervulina andE. maxima infection

It was assumed that the use of litter contaminatetvere significantly lower than in the infected cats;
with oocysts would simulate a natural coccidiosisbut the lesions due to tie tenella were not affected
infection. Oocyst shedding in the infected birdsswa by EMF. On days 13 and 21 PI, the group mean lesion
found to peak on day 13 PI followed by a decline onscores for all threeEimeria species were lower in
day 21 PI. This pattern of oocyst shedding agreils w infected chickens exposed to EMF than in the irféct
findings in commercial broiler operations (Peek andcontrols. In the uninfected birds, there was ne@fbf
Landman, 2003). The presence of oocysts in theeexcr EMF on intestinal lesions on day 6 PI, but on da$s
of the uninfected chickens indicates that crosgand 21 Pl, EMF treatment had significantly reduced
contamination had occurred. Although we attempted tthe severity of the lesions. Factors that might
prevent cross contamination, we feel that it does n contribute to the differences in responseEotenella
affect the purpose of this study, i.e., studying éfifect ~andE. acervulina andE. maxima to EMF include site
of EMF exposure on the severity of coccidiosisOf parasite invasion, host immune reaction at the
infection. The lesions in the uninfected chickersrav infection site and parasite infective stage (All2887),
less severe than in the infected ones. It coulhhde Furthermore E. acervulina and E. maxima are more
suggested that because of the cross contaminatien, immunogenic thark. tenella (Rose and Long, 1962).
effect of EMF at two levels of infection can be On day 13 PI, the lesion scores dueEtaacervuling,
evaluated. E. maxima andE. tenella in both infected groups were

Infection with Eimeria resulted in a significant ©On average lower than on day 6 PI. The opposite was
reduction of growth performance in the EMF seen in the uninfected chickens. The lesions onlday
chickens, which was no longer apparent at the énd ¢! in the infected chickens are secondary lesions
the experiment. An initial depression of technicalinduced by re-infection as a consequence of thelini
performance followed by compensatory Weight gaininfection (WI”IamS and Andrews, 2001; Williams,
has been reported in chickens immunized agains#003). Oocysts that are excreted initially after a
coccidiosis by hatchery spray (Williams and Andrews coccidiosis infection are less pathogenic than stcy
2001). It was obvious that exposure to EMFshed later because the latter have completed lifesir
counteracted the effect of infection on growth cycle inthe host (Jeffers, 1975; Ryletyal., 1976).
performance (Table 1). In the EMF-treated chickens, =~ The molecular basis underlying the observed
the infection did not reduce body weight, weightantagonistic activity of EMF on coccidiosis infeati
gain and feed intake and did not raise the feedn broiler chickens is unknown, but it could reldte
conversion ratio. The positive effect of EMF on theone or more of the various biological effects thave
infected birds in this experiment may extend tdrigy been described. EMF exposure may have an anti-
hens. Keirst al. (2005) reported that exposure of egg-inflammatory  effect (Cronsteinet al., 1999;
layer flocks to EMF improved production, which may Montesinoset al., 2000; Vallbona and Richard, 1999)
have important welfare and economic implications. ~ and increased blood flow and improved wound

Contrary to growth performance, the number ofhealing have been documented (Gessial., 2000;
oocysts in excreta was not significantly influendsd ~ Goldin et al., 1981). Possibly, EMF treatment of the
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broiler chickens had resulted in increased perigher EImusharaf, M.A., H.E. Mohamed, A. Alhaidary and
blood flow and massive infiltration of macrophages A.C. Beynen, 2010. Efficacy and characteristics of
into the damaged tissue, leading to the observed different methods of coccidiosis infection in bewil

reduction of coccidial lesions. Jeurisseral. (1996) chickens. Am. J. Anim. Vet. Sci., 5: 45-51.
reported that in immune chickens, fewer sporozoite$3€ssi, S., K. Varani, S. Merighi, E. Ongimd
will reach the crypt epithelium and the formatioh o P.A. Borea, 2000. A adenosine receptors in
schizonts is inhibited. Sporozoites that had faited human peripheral blood cells. Br. J. Pharmacol.,

129: 2-11. PMID: 10694196
Goldin, J.H., B.N. Nancarrow and J.D. Marshall, 198
The effects of Diapulse on the healing of wounds:
A double-blind randomized controlled trial in man.
Br. J. Plast. Surg., 34: 267-270. PMID: 7023583
CONCLUSION Hodgson, J.N., 1970. Coccidiosis: oocyst counting
technique for coccidiostat evaluation. Exp.
In this study EMF exposure reduced the severity of  Parasitol., 28: 99-102. PMID: 5459879
coccidiosis in broiler chickens with a simulated, Jeffers, T.K., 1975. Attenuation dEimeria tenella

reach the crypt epithelium within 48 h after infeat
were detected within or were surrounded by
macrophages, indicating that the presence of tbelte
can moderate the intensity of a primary infection.

commercial Eimeria infection. Further study on the through selection of for precociousness. J.
effect of EMF on coccidiosis infection is neededeT Parasitol., 61: 1083-1090. PMID: 7023583
uninfected birds treated with EMF showed a lowexdfe Jeurissen, S.H.M., E.M. Janse, A.N. _Verm_eule_tm an
intake and weight gain than did the uninfected @dnt L. Vervelde, 1996.Eimeria tenella infection in
birds. Whether or not this observation was caused b chickens: Aspects of host-parasite interaction. Vet
room effect is not known. The control birds and EMF Immunol. Immunopathol., 54: 231-238. PMID:
treated birds had to be housed in different roatisit 8988869

thgohnson, J. and W.M. Reid, 1970. Anticoccidial drug

that they were adjacent. As mentioned above . . X .
y ) : Lesion scoring techniques in battery and floor-pen

mecha_nlsm by which EMF exe_rts |ts_ antlco_cx_:ldlal experiments with chickens. Exp. Parasitol., 28380-
effect is not known. From a practical point of vijeitv PMID: 5459870

would be relevant to find out whether optimizinge th Keirs, R.W., E.D. Peebles, W.J. Sarjeant, P.D. (dera

cor_ld_itions of EMF could increase its anticoccidial and J.D. Terner, 2005. Assessment of the effects of
activity. Perhaps, EMF exposure could serve as an  glectromagnetic field modification on egg-laying
alternative to the anticoccidial drugs currentheds hens in commercial flocks as indicated by

production measuresm. J. Vet. Res., 66: 1425-1429.
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