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TUTHODUCTL)IT ATD uviEr OF LITnATUN's,; 

In the past 20 years or more, the large intestinal round- 

worm of fols, Ancaridia ialli (3chrank), has been utili7ed in 

laboratory experimentation. A careful examination of the stu- 

dies reported by workers who have used this parasite and its 

host reveals a strikinr variation of the numbers of worms re- 

covered from chicken to chicken even though a standardized. num- 

ber of ova were fed each chicken. some studies which have util- 

ized total worm number recoveries have revealed factors influ- 

encing the mean numbers and lengths of worms recovred as well 

as factors influencing their survival. 

One of the factors involved in variations in worm numbers 

has been shown by Ackert (1931) to be the number of worm eggs 

administered to experimentgil chicks. 7e noted that variation 

in per cent of survival, mean length, and mean number of Ascari- 

dia gall worms varied with the number of enbryonatod. eggs used 

in the infection. Optimum survival and growth was obtained when 

50 to 100 ova were given to each experimental chick. In the 

same paper, Ackert speculated that the following factors might 

influence numbers of worms in expertmental infections: hatching 

rate of eggs, avian peristalsis, and a possible immunological 

factor. 

Ackert, Cooper, and Dewhirst (1947) found that viability of 

A. gall eggs was a factor in worm number recoveries from chick- 

ens. Using the criterion of host infection, they found that 

the viability of the ova decreased. as their age increased. The 
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ef7.7,s used were 3 and 120 days old. 

Todd, Uansen, Kelly, and ):Iyant (1950) found that cultures 

incubated for 14-21 days at 300 - 330 O. gave the greatest viru- 

lence or host injury as Tleasure,1 by weight gains of the chicken 

and that a decrease in virulence resulted rith greater age of 

A. E.2.2.111 culture s. 

Todd (1952) also found. that an optimum age exists with re- 

spect to viability of eggs. Ue found a corresponding decrease 

in the mean lengths and numbers of worms as the ago of the cul- 

ture increased. 

Increased age of the embryonated eggs with a concomitant 

decrease in the amount of stored food. material within the em- 

bryo has 'been shorn by Ackert et al. (1947) as a reason for the 

decreased viability of older A. galli cultures. 

Elliot (1950) showed dimunition of reserve fat supplies 

with age was accompanied by as decrease in infectivity. Younger 

cultures were shorn to be most infective. 

Hansen, Oonyawangyse, and Ackert (1953) and Mahan (1952) in 

studying the effect of culturing ascarid ova In air or in water 

found no statistically significant differences between the num- 

ber of worms recovered or weight gains of the infected and con- 

trol chickens fed the two types of culture. However, the mean 

lengths of the worms recovered from the chickens fed ova cul- 

tured. in air were greater than the mean lengths of worms recov- 

ered from chickens fed ova cultured in water. It apnenrs from 

the report of Todd, Insko, Kelly, and Hansen (1949) that the 

numbers of species of nematodes present in chickens impedes the 
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growth of chicks in a proeressive manner. 

Symptoms of parasitosis produced by A. are most pro- 

nounced luring a period of from 14 to 17 days subsequent to in- 

gestion of infective ova. This period. coincides with the tissue 

phase stal° of the larva of this narasite (Ackert, 1931; Ackert 

and Tugwell, 124S). 

Even though the previously reported studies utilized sten- 

dard cultures of A. olli and standardized host conditions, the 

experimental chicks still yielded varying numbers of worms from 

chick to chick. Therefore, the present study was initiated to 

determine if infection techniques might be a factor in such var- 

iation. Current techniques as well as new techniques were stud- 

ied to ascertain whether or not infection techniques could in- 

fluence these observed variations in the number of worms recov- 

ered from a given lot of experimentally infected chicks. 

MATERIALS AND METHODS 

Source and Culture of A. plain 4T,gs 

The eggs used throughout the study were obtained from liv- 

ing adult gravid females removed from freshly killed chickens at 

a commercial poultry dressing plant in Manhattan, Kansas. The 

females were we shed in tap water and the posterior ends of the 

worms severed at the level of the anus. The uteri were pressed 

out into a Petri dish for rinsing in water and were then trans- 

ferred to another. Petri dish where the eggs were teased out of 

the uteri into the water. One part of 2 per cent formalin in 75 
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parts of water constituted the final culture media. The forma- 

.n was added to inhibit no.l formation and occasional ciliate 

y)roto?;oau contnnination both of which tend to delay or stop nor- 

al embryonation of the eggs. In each of the cultures prepared, 

uteri of four to five females wore used The cultures were In- 

cubate l in 2 to 3 nm of water at 300 to 330 G. for 14 to 21 days 

before they were used in the infection studies. 

It was found that, by using only the portion of the uterus 

closest to the vulva, higher oorcentages of embrvonation could 

be obtained. in the cultures. Ackert (1931) showed a progressive 

increase in the nor cent of fertile eggs as the sampling of the 

uterus annroached the vulva. However, in several uteri exam- 

ined, the percentage of fertile eggs was not always the sae in 

each branch of the uterus. One branch would exhibit a normal 

gradation in the numbers of fertile eggs, and the other branch 

would have only infertile eggs. Fertility can be determined by 

the presence of a clear equatorial spot in the center of the cy- 

toplasm of the egg. 

In an attempt to speed up the process of preparing A, galli 

egg cultures, the use of an artificial digestion solution acting 

on the uterine wall was tried and found to be practical. The 

uteri were removed, as previously described, and placed in a 

watch glass containing 2 to 3 ml of the digestive solution. This 

digestive solution has been used by Ackert and Tugwell (1948) to 

recover tissue phase A. galli larva from the intestinal wall of 

the chicken. This solution contains 0.5 per cent hydrochloric 
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acid end 1.0 ocr cent pensin. :thin two to three minutes the 

uterine wall W9S comnletely digested, leeving the fully developed 

eggs freely dispersed in the solution. Immature ems were di- 

gested due noseibly to an incomnlete Shell which afforded inade- 

mate nrotection. To effect uoon the rate of embryonation or 

eercentage of the ova doveloned eels observed. 

The eggs dispersed in the digestion solution were ninetted 

into a thin micro-porous wax paper cup which was pressed around 

a cork and wedged into the uneor end of a centrifuge tube. This 

arrangement allowed removal of the digestive solution which, ad. 

hered to the eggs. The removal or washing of the digestive so- 

lution was done by aJMIne water into the wax cup and centrifug- 

ing the water through the paper, leaving the eggs free of the 

digestive solution. Uater was added through a hole in the clerk 

between each centrifuging. The washing was found to be neces- 

sary as the digestive solution made an excellent medium for mold 

growth after uterine digestion. Another method of washing the 

eggs after digestion of the uterus, tried I:1.th some success, was 

the use of two thicknesses of number 20 silk bolting cloth as a 

screen during the addition of water. This method required no 

centrifuging as the water passed through the silk screen easily. 

After washing, the eggs were removed and placed in Petri dishes 

for incubation. 

Chickens and Ilethode of reeding A. gall Eggs 

All chickens used in the three experiments were straight run 

1:Thite Rocks purchased from a single commercial hatchery. They 



were rece ved as da7-ed chicks and raised in electric brooders 

and battery cages. V)tendard commercial ratione were used to 

feed them. Prior to exPerimental infections the chicks used in 

each of the. three experinents were weighed, banded, and then 

sen!Irated into two groups of approximately equal weights. Then 

the chicks wore 14 days of age, each chick was fed 100 + 10 en- 

bryonated ova of A. rrnlli by means of a calibrated ninetto in- i*.o....mob 

sorted into its ese. us. A record was ent on the order of 

infection of ouch chick by .jeans of the wing band nuriber. The 

first chick randomly selected for infection was designated num- 

her 1 and so on through the entire infected group. 

The chicks were infected by using a. water suspension of ova 

and the standard procedures of other workers (Riedel, 1947). A 

small arrant of washed fine sand was added to the vial contain. 

ing the water and eggs. The sand served to break un the egg 

masses commonly found in such susnensions. The contents of the 

vial were then shaken gently because vigorous shaking may cause 

mechanical hatching, particularly with the older egg cultures. 

The infectivity of hatched larvae is not well known (Ackert, 

1931). The sane calibrated pipette was used for standardizing 

the infection solution st 100 + 10 A. galli eggs per unit dosage 

as was used to infect the chicks. Microscopic counts of eggs 

per unit dose were made, and the standardization involved either 

addition of eggs or water until several microscopic counts gave 

a mean count of 100 10 eggs per unit volume dose. Prior to 

infecting each chick, the vial. was gently agitated. Eggs of A. 

galli tend to settle rather rapidly to the bottom of the vial; 
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hence, agitation between the infections of each chick insured 

more even distribution of the infective ova, thus each chick was 

more likely to receive the predetermined dose of 100 + 10 eggs. 

In one series of the experiments a sugar solution was used 

in place of the water medium for infecting chicks with A. selli 

ova. The Proper specific gravity of the sugar solution needed 

to suspend the ova so that they neither rose nor settled in the 

solution was accomplished in two ways. A drop of sugar solu- 

tion of known molarity and containing ova was placed under a 

microscope. An egg wonroxlrlately near the center of the drop 

was focused upon and then observed for a neriod of five minutes 

to observe its movements. A second method for determining the 

proper specific gravity to suspend those eggs utilised an 

transmitting a wave length of 600 A. Mile not as 

accurate as the first-described method, it would record differ- 

ences in light transmission due to settling or rising of the eggs 

over a time interval. Both methods established the fact that a 

1.25 M sucrose solution suspended the ova of A. alli in a sat- 

isfactory manner. To prepare a standardized sugar solution sus- 

pension of eggs, a water-egg mixture was first made up with a 

unit number of eggs per dose in excess of the required number, 

100 4 10. The volune was determined and a proportionate weight 

of sugar added to obtain a 1.05 M solution. After several mic- 

roscopic counts to estimate the number of eggs per unit volume, 

an additional amount of 1.25 M solution was added to adjust the 

egg count to 100 + /0 eggs per unit dose. 



Twenty-one days after infection. with A. aali ova, the 

chicks were killed- A p1-day infection ha been shown by Ackert 

and Tugwell (19412) an others to allow enoui7h tire for wonls to 

leave the mncosal tissue of the intestine and to reside In the 

lumen of the host's intestine. At autopsy the intestine from the 

duodenal loop to the yolk sac diverticulum was removed from each 

chick and identified by placing with. it the aprooriate wing 

band. The intestinal contents were flushed into a ,lass jar us- 

ing the hydraulic method of Ackert and Noll (1)21. The worms 

present were allowed to relax for scv:2;ral hours to straighten, 

and erion were placed in 10 Der cent formalin for later counting 

and. aieasuring. 

The worms recovered froia the experimental chicks were mea- 

sured with the aid of a view-camera. The image of each worm was 

projected on a ground glass plate of the view-camera and then 

traced on onionskin paper. All of the tracings were measured 

with a milled wheel which recorded their lengths in millimeters. 

These lengths were divided by the magnification factor of six in 

order to obtain actual lengths. 

;J.,;sulaz 

Counts of Eggs in Standardized 'Alter 
and Sugar -TI,Ispensions 

Prom vulture 1, was prepared ,:uspensions I and II, each 

standardised to 100 10 A. gaUl ova per unit dose volune-of in- 

fection solution. !ho average numbers of A. gall ova per count 

in SusPonsion I and in Susoension II were 129.45 + 35.20 and 
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98.13 + 15,06, respectively (Table 1). A regression coefficient 

was calculated using the numbers of A. oat ova per count as 
the variable and the order of count as the independent. The re- 

gression coefficients for egg numbers were 4.16 and 0.77, re- 

spectively, Only the regression coefficient of 4.16 was signi- 

ficant at the 5 per cent level. The difference in variance about 

the means of Suspension I and Suspension II was found to be sig- 

nificant at the 2 ner cent level. The standard deviation of SUB-. 

pension I was approximately twice that of Suspension II (Table 1). 

Figure 1 shows the series of counts loade with the water suspen- 

sion of eggs and with the sugar suspension of eggs. The regres- 

sion lines are also shown. It can be seen by inspection that 

more of the sugar suspension egg counts stay within the desirec 

deviation of + 10 ova than do the water suspension counts. 

From Culture 2, Suspension I and Suspension II were each 

standardized at 100 + 10 ova per unit dose volume. The average 

numbers of ova per count for Suspension I and Suspension II were 

96.8 + 32.50 and 95.16 + 13.10, respectively. The regression 

coefficient on egg numbers were 1.81 and 0.39, respectively. The 

regression coefficient of 1,81 was found to be significant at the 

5 per cent level. The difference in variance about the means of 

Suspension I and Suspension II was found to be significant at 

the 2 per cent level. The standard deviation of Suspension 

was approximately twice that of Suspension II (Table 1). Fig- 

ure 2 shows the series of egg counts and the regression lines 

for the water and sugar suspensions of eggs. The number of egg 

counts within the desired limits of + 10 ova was greatest in the 



Table 1. Results of egg counts using the entire contents of the vials containing 
eggs suspended in water or in sugar solution. 

: Initial : 

Statistics 

: Hec,res- canoe of : canoe of 
:Suspen-: number per : Av. number sion cof- : reg. coff. : variance 

Culture:sion* i unit dose : and std. dev. ficiont T test (A : 1 test (A 

1 I 100 + 10 129.45 + 35.20 4.16 1 

II 100 + 10 98.13 + 15.06 0.77 

2 1 100 + 10 96.80 + 32.50 5 

ii 100 + 10 95.16 + 13.10 0.39 2 

3 I 50+5 C1,60 + 14.53 1.86 

II 50 + 5 51.60 + 5.42 0.29 2 

4 50+5 53.08 + 13.00 0.67 1 

II 50 + 5 48.00 9.38 0.38 10 

* I = Water. II = Sugar solution. 
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series of sugar suspension counts. 

From Culture 3, Susnension I and Suspension II were each 

standardized at 50 5 ova per unit dose (Table 1). The average 

nunbers of ova per count in Suspension I and in Suspension II 

were 61.60 + 14.53 and 51.60 5.42, respectiVe17. The regres- 

sion coefficient of 1.06 was significant at the 1 per cent lev- 

el. The difference in variance between Suspension I and Suspen- 

sion II was found to be significant at the 2 per cent level. The 

standard deviation of Suspension I was approxirlately tbree tires 

as large as that of Suspension II. Figure o shows the series of 

egg counts made from Culture 3 using the water suspension and 

the sugar suspension media. Regression lines are also dhown. 

The greater number of counts found within the desired deviation 

of 5 ova is found in the sugar series of counts, 

From Culture 4, Suspension I and Suspension IT were each 

standardized at 50 # 5 ova per unit of dose volume (Table 1). 

The average numbers of ova per count for Suspension I and. Sus- 

pension II were 53.08 13.00 and 49.00 + 9.38, respectively. 

The regression coefficients on egg numbers per count were 0.67 

and 0.380 respectively. The coefficient of 0.67 was signifi- 

cant at the 1 per cent level. The difference in variance be- 

tween Suspension I and Suspension II was significant at the 10 

nor cent level. The standard deviation about the mean. in Sus- 

pension I was larger than that of Suspension II. Figure 4 shows 

the series of counts made from. Culture 4 using both the water 

and sugar suspension of eggs. The number of counts found within 

the desired limits of + 5 ova is greatest in the sugar suspension. 
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series of counts. 

The combined results of counts of ecrs in water and in sug- 

ar suspensions showed significant differences. In all water 

susloneion counts there vier() six:nificwit increases in the num- 

bers of ova per count as oeyriplin7 progresses through the entire 

centents of the vial. s the volune of the water solution was 

decreased by removal of each unit flose, the number of eggs per 

count bectie oroi7ressively greater with a significant positive 

regression slope. Jo such significant positive regression slope 

occurred in an of the sugar suspension counts. The variation 

of counts about the moan was significant17 hther in all counts 

of eggs saspende in water as cored rith counts of eggs sus- 

pended in sugar solution. Therefore, in the water suspension, 

two significant results were shorn: (1) the increase 

number of eggs per count as the volume decreases, and 

greater variation from count to count irrespective of 

crease in the mean number. 

The greater variation encountered in water suspensions may 

also influence initial standardi7ations at the desired level 

prior to infection of experimental chici-ens. Comparison of ay. 

eragc egg counts to initial standardization shored that the sug- 

in the 

an 

) the 

in- 

ar average counts were 

in all cases; ,J+ereas, 

and 3 were outside the 

7:ithin the desired plus or minus limits 

the water count averages in Cultures 1 

desired limits (Table 1). 

Egg counts taken from remaining infection solutions of A. 

palli eggs suspended. in water used by several other workers 

showed higher counts in the remaining solution than in the in- 



ltial standardiation, as well as a variotion exceeding the de- 

sired plus or minus 10 ova. j:cg counts rocordod from exneri- 

ments where sur,ar was usod in solution to suspend the eggs 

showed less variation and an average count hich is approxiste- 

ly that of the initial standardization. The egg counts taken 

from remaining infection solutions served to support the conclu- 

sion that sugar provides more constancy in numbers of ova per 

unit dose and less variation about the desired mean number of 

ova. 

Experiment 1 

Because the previously reported studies revealed the marked 

superiority of the sugar medium over the water medium in main, 

taming a consistency in the numbers of ova per dose, three ex- 

periments were conducted to test whether or not the sugar medium 

method would likewise yield less variation in the numbers of 

worms recovered from chick to chick. Each of these three exper. 

iments utilized two groups of chicks of equal weights. The- 

chicks in Group I were fed 100 + 10 ova in the water medium; 

whereas, those in Group II received the same numbers of eggs sus- 

pended in a 1.25 M sugar solution. The eggs were obtained. from 

the same culures. Identical techniques and equipment were used 

to infect the fowls in both groups. 

The results of Experiment 1 showed that the chicks in Group 

I and Group 11 made average weight gains of 151.86 gm and 136,02, 

respectively (Table 2). Statistical analysis of the differences 

in weight gains between Groups I and II revealed no significant 



Table 2. Comparinon of weigIlt gains of chicks end the fiumbem fqta 1onc7ths 1,:pf 

worms recovered from chicks fed e:7gs susnended in water in sugr 
solution. 

Experiment 
number : 

C worms 

kv. number 
and dev. 

leng% 
and std. deli. Groulo 

number : 

Av. wt. 
Asmbo....2211rain troLt 

1 1 38 151.86 16.0 + a. 6 25.0 t- o.eo 

37 136.02 5.2 + 3.61 24.2 ± 0.C3 

2 1 20 173.45 4.7 + 0.57 20.1 t 0.45 

11 20 193.70 7,0 + 0.55 20.3 t 0.f3 , 

3 I 15 207.00 6.6 + 2.30 17.2 - 0 is 

14 217.70 3.0 + 2.35 16.4 t 0.(,6 

....01.11110. 

* Group I = Chicks fed ova suspended in rater. 

Group II= Chicks fed ova suspended in sugar solution. 
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difference in averne weight gains. The regression coefficients 

of weight gains coetnuted on t}te order of infection for chicks in 

()rote I ned Groun Ii Were -1.660 and -0.950, rosnectively. A 

significant coefficient on weight gains wns found only in Group 

I (Table 3). 

An avers,ee of 3_6.0 vormn per chicks were recovered from the 

chicks in Group I; whereas, an average of 5.2 worms were recov- 

ered from the chicks in Group II (Table 2). The difference in 

Alan numbers of worms recovered from the chicks proved to be 

statistically significant. The regression coefficients on worm 

numbers recovered by order of infection of the chicks were 

+ 0,832 and + 0.118. The regression coefficient of 0.832 was 

found to be significant (Table 3). 

The average lengths of the worms recovered from Group I and 

Group II were 25.0 rim and 24.2 mm, respectively. No sicnificant 

difference was found between the worm lengths of the two groups. 

The results of this exoeriment showed that the regression 

coefficient of Group I was significantly negative and exceeded 

the coefficient of weight gains of Group II (Table 3). This 

means that the drop in weight gains from the first chicks in- 

fected to the weight gains made by the lest chicks to be infect- 

ed was greater from bird to bird in the water-infected chicks 

than it was in the sugar-infected chicks. This drop was accom- 

nanied by a corresponding increase in the number of worms recov- 

ered from chicks first infected to chicks infected at the end of 

the order of infection. The increase in worm numbers recovered 

rier chick was the greatest in Group I. 



Table 3. Coparison of regression coefficients of worm numbers and e1ght 
gains of chialcs by order of infection with ova sAsoemled in wc,tor 
or in sugar soluti,an. 

Experiment : Group* 
numbor : number 

Rearession coefficient 

: orr number reirht rain 

1 

......:-......11*....... 

I 0.832** 

II 0.118 -0.950 

2 0.165 -0.3n 

Ii -0.066 0.143 

3 0.57'3 

-0.413 -0.0q7 

* Group I = 1ioks fed ova 
Group II = Chicks fed ova 

SignificwIt nt the 5 ncr 

suspep.ded In water.- 
sus-nended in sugl. solution, 

cent levels 
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There has boen a question as to rhothor or not chicks lose 

A. mill . ova immediately followinE experillental oral infections, 

no this e:g:noriment WAS desioned to obtain alitionnl data rein- 

tvo to that problem. The possibili 7 of the chicks losing A. 

alai ova b7 placing their beaks in the drinking water shortly 

after an infection could be a factor in the variation of worm 

number recoveries from chick to chick. A study on the possible 

loss of A. c7alli ova following an experimental omi infection 

was also included in this exoeriment. The fecal samples were 

collected from the chicks 24 hours subsequent to exposure to ova. 

The samples of feces were screened to eliminate the larger par- 

ticles and washed with repeated adlitions of water and centri- 

fuging until a concentrated focal sample was obtained. A satur.. 

rated sodium nitrate. solution was aded to the concentrated fecal 

sample until a meniscus formed at the top of the vial. A glass 

slide was placed upon the meniscus. Any A. 02.1i eggs present 

would be displaced from the bottom of the vial, rising to the 

top and adhering to the glass slide. Microscopic examination of 

the glass slide revealed the absence of any eggs from either 

Group I or Group II. Guberlet (1024) reported both free larvae 

and unhatched larvae from the feces of chicks following an exper- 

imental infection of 750 A. mal ova per chick. Possibly the 

greater number of ova per chick used by Guherlet explains his 

findings, 

The drinking water recovered during the 4-hour Twriod fol- 

lowing infection was examined for the presence of A. Falli ova. 

The sediment in the bottom of the drinking water pans was also 
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examined using the flotation teehnique. There were no A. mai 
ova found in the drinking water or in the sediment from the pans 

In either Group I or Group II, 

Experiment 2 

The results of Experiment 2 showed that the chicks in 

Group I made average weight gains of 173.45 gm; whereas, the 

chicks in Group II made average weight gains of 103.70 gm (Ta- 

ble 2). Statistical analysis of the differences in weight gains 

between Group I and Group II gave no significant differences in 

average weight gains. The regression coefficients of weight 

gains by infection order of the chicks in Group I and Group II 

were -0.392 and 40.143, respectively. The regression coeffi- 

cients on weight gains showed no significant slope in either 

group (Table 3). 

An average of 4.7 worms per chick were recovered from the 

chickens in Group I; whereas, an average of 7.8 worms were recov- 

ered from the chicks in Group II. The difference in mean num. 

bers of worms recovered was statistically significant. The re- 

gression coefficients on worm numbers recovered by infection or. 

der were 40.165 and -0.066. These regression coefficients dhowed 

no significant slope. 

The average lengths of the worms recovered from Group I and 

Group II were 20.1 mm and 20.3 mm, respectiVely, There was no 

significant difference between the mean lengths of the worms 

from Group I and Group II. 

The results of Experiment 2 support the trends evident in 
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Experiment 1. The regression coefficient on weight gains of 

chicks of Group I is again negative and of a greater absolute 

value than the weight gain regression coefficient of the chicks 

in Group 11. The average weight gains are not significantly dif- 

ferent, The correlation between worn number regression and 

weight gain regression again, as in Experiment 1, presents an 

inverse relationship. As the worm number increases or decreases 

there is a corresponding respective decrease or increase in 

weight gains. This relationship is demonstrated more sharply 

in the water-infected chicks. 

Experiment 3 

The results of Experiment 3 revealed that the chicks in 

Group I and Group II made average weight gains of 207.00 gm and 

217.70 gm, respectively. Statistical analysis of the difference 

in average weight gains between Group I and Group 11 were not 

significant. The regression coefficients of weight gains by in- 

fection order were -1.230 and -0.087 for Groups I and II, re- 
spectively. There was no significant slope in either of the 

two weight gain regression coefficients. 

An average number of 6.6 worms per chick was recovered from 

the chicks in Group I; whereas, an average number of 3.0 warms 

was recovered in Group II. The difference in the average number 

of worms recovered was found to be significant. The regression 

coefficients of worm numbers recovered by infection order of the 

chicks were +0.573 and-0.413 for Groups I and II, respectively* 

There was no significant slope in either of the two worm number 
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rerosrion coefficients. 

The averao lenFtho of the worms recovered from Group I and 

Group II were 17.2 .-1Ti and 16.4 ffm, respectively. No significant 

difference was found to exist between the worm lengths of these 

two greuns. 

The results of Experiment :3 showed that in Group I, along 

witb on increase in worm numbers recovered as the infection or- 

dor proGresses, there was a concomitant; decrease in the weight 

gain reeression coefficient. figain, as in the preceding exPer- 

iments, the coefficients in Group I have greeter slope than 

those in Grout) II. Group II showed negative regression coeffi- 

cients for numbers of worms recovered. as well as for weight 

gains. The negative regression coefficient for weight gain has 

the least slope of any of the weight gain coefficients in the 

three experiments. 

Combined 'tZesults of ixperiments 

There were no statistically significant differences in aver- 

age weight gains made by the chicks of Groups I end II in the 

three experiments. In Experiments 2 and 3, the sugar-infected 

groups made the higher average weight gains; whereas, in Exneri- 

went 10 the sugar-infected group made the smaller comparative 

weight gain, during the three weeks of infection. The weight gain 

regression coefficients of the water-infected chicks were all 

negative, and within each experiment eAlibited greater slope than 

the weight gain regression coefficients of the sugar-infected 

(roups. VAth the exception of Group I, xperient 1, the weight 
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gain regression coefficients were not statistically significant. 

The average number of we recovered per chick was higher 

in the water-infected groups of ExPerinents 1 and 3 than among 

the sugar-infected groups in the same experiments. In Experi- 

ment 2, the reverse was true with a higher number of worms re- 

covered in the sugar-infected group. However, in an analysis of 

variance on average worm numbers recovered, combining the three 

experiments, it rus found that a significant difference does 

exist between the numbers of worms recovered from sugar-infected 

chicks and from water-infected chicks. The grand means of worm 

numbers recovered from the water groups and the sugar groups 

were 91 and 5.3 worms per bird for Groups I and Groups II, re. 

snectively. It was also found b7 the analysis of variance of 

worm numbers that the time interval between the three experi. 

ments did not introduce a significant variation in the numbers 

of worms recovered between each experiment. The lack of sig- 

nificance in time interval between each experiment would. support 

the standardization of each experiment in all respects with the 

exception of variation in infection techniques. 

The regression coefficients on worm number recoveries in 

all water-infected groups were positive and within each experi- 

ment were of greater value than the worm number regression coef- 

ficients of the sugar-infected chicks. A significant regression 

coefficient on worm numbers was found in Group I, Experinent 1. 

Other coefficients were not significant, but did approach sig- 

nificance in the water.infected.groups of Experiments 2 and 3. 

The average worn lengths of Groun I and Group II in each 
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expeririet were not of sif.nificant difference. 

Out of a total of six ex)eriontal rroups in the three ex- 

periments, five of tholl showed an inverse relation-hip between 

-orn mimher sPO weight gain regressions. As the nuO)ers of 

werms recovered inareased from chick to chick in the order of 

infection, there was a corresnondiQ decrease in the weight 

gains among the saie ithin each exPeriment this rola- 

tionshin wan of greater negative correlation in the water-in- 

fected grouns than in the sugar-infected grouns. 

DISGUION 

variation in worm numbers recovered from experimentally in- 

fected chicks may be due to many factors. Elimination of vari- 

ables leaving only, as far as could be determined, host varia- 

tion, parasite variation, and infection techniques, as was done 

in this study, showed that techniques have been a variable fac- 

tor. In the actual egg counts of water suspensions it can be 

shown that the plus or minus 10 eggs deviation does not Provide 

adequate limits by which to demarcate egg doses fed to chicks; 

nor does the dosage stay at the desired mean level of l0() or 50 

eggs per dose. 72ater counts show a significant rise in eggs per 

unit dose, which correlates with worm numbers recovered by order 

of infection of chicks. It was also noted that, with such in- 

crease in worm numbers, there is a corresponding decrease in 

weight gains of the chicks. 

The use of eggs in a sugar susnension provides less varia- 

tion from bird to bird as to numbers of eggs given. Thus, re. 
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gardless of the vnrifation of the host or of the 7)aresite, one 

may be reasonably sure that the initial infection is fairly con- 

stant and 1.,oule1 p:onerally stay within the desired limits of the 

potential :infection. The general decrease in significance of 

regression coefficients of the sugar-infected worm nurber recov- 

eries and the constancy of the microscoPic counts of eggs sus- 

pended in sugar solution vould support this point. 

'The removal of the re:.i numbers of eggs by order of 

infection with the use of a sugar suspension solution may allow 

an experimental variable to assert its effect more strongly. 

The increase of eggs per unit dose with the water infection ma 

supersede or mask such variables. 

A comparison of regression coefficients of weight gains 

shows greater slope in the water-infoctod growls a2 compared to 

s71gar-infected grou7)0 within each experiment. Egg counts and 

worn number regressions show increase as the order of sampling 

of the infection solution Progresses. Thus, with more larvae 

in birds at the end of the order of infection and less larvae 

in the birds found near the beginning of the infection order, 

the difference in weight gain regressions between the water-in- 

fected groups and the sugar-infected groups may be explained as 

the effect of larval numbers during the tissue phase of the A. 

a2111 life cycle. 

No significant difference in the mean length of 'worms can 

he shown. This fact shore that the sugar suspension used in 

infection of chicks does not inhibit worm growth after infec- 

tion. 
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It e'lonio be noted that the increaee in ce7eT,s ear unit dos- 

ni7e, in infection or ehic'mns does not invalidete proviqus re- 

cults of other wor.17ers who ut111ee0 the Water qusPonsion of ova 

for lelfection of chicks. The stn-edard oractice /IPS been to a].- 

tcrnrito botwoen the control anel the enmeriment-1 grouns in the 

infection of chicks. Thus, any incre,kse in eggs per dose would 

be evenly distributed MA-owl the teo crouns es would any of the 

effects of such increese. -owever, in any infection which did 

not alternate from control to an ,erirental in administering the 

infective dose, then, would exist a variable between the two 

groups in the number of ova given to each chick. '1th the use 

of a sugar suspension in infection, infection of an entire group 

without alternating to the control crow) could be done with lit- 

tle variation in numbers of ova given to each ehich. 

The past study showed that infection techniques have been 

a variable and that sugar infection will reduce varletion in 

worm number recoveries from experimentally infected chicks. How- 

ever, it is felt that techniques are not the entire answer to 

variation in worn, number recoveries from chicks and that other 

data must be obtained to explain this variation more fully. It 

has also been &lawn that the sugar solution suspension will not 

insure an exact number of eggs nor bird in an exnerimental in- 

fection even though it is a definite improvement over the water 

suspension technicue. 

It has been demonetruted by various workers that the symp- 

toms of Parasitism produced by A. Falai are most eronounced at 

the time when they are in the tissue Phase stage of their life 



29 

cycle (Acisert, 1931; Ackert and Tugwell, )940 Todd et al, 1049; 

and Todd and nansen, 1051), The principal s-,-sestame of garasit- 

osis at this time are manifested in retarded growth rates of the 

infected host. Todd and Hansen (1951) reported evidence suggest- 

in; ; two types of host parasite relationships between A. ealli and 

the chick. In the first type, the chick regarded the -earasite 

a intolerable and made an attempt to or did eliminate the worms. 

This reaction retarded the growth rate of the chick. In the sec- 

ond type of relationship, the chick regarded the parasite with 

tolerance and made efficient weight gains, while the parasite 

likewise grew more rapidly. This work does not mean that worm 

numbere are not important, for in every group of chicks infected 

there my be several of the birds which regard. the -rxtrasite as 
intolerable and so would be affected by varying nuebers of A. 

present in an infection* These chicks would have weight 

gains varying quite possibly with the initial number of A. gain, 

ova used to give the potentinl larval infection. For those 

chicks which regard the A. li as intolerable, a uniform in- 

itial infection as results when eggs are suspended in sugar sol- 

ution would be necessary for experimental uniformity. 

As previously stated, there were significantly more worms 

recovered from the chicks fed the water-egg suspensions than 

were recovered from the chicks fed eggs suspended in sugar solik- 

tion in Experiment 1. Likewise, there was a significant trend 

in this experiment for the numbers of worms to increase in the 

chicks fed the water-egg suspension as the order in which they 

were infected progressed. No similar relationships between the 
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worm numbers recovered and worm number increase by infection or- 

der were noted in Experiments 2 and 3. In Experiment 1, the 

nano volume, approximately 10 to 12 mi, of infecting solution 

was used for 80 chicks as was used in Experiments 2 and 3 for in- 

footing 40 chicks. In Experiment 1, all but a few millimeters 

of the infection solution was used; whereas, in the latter ex- 

eeriments use was made of approximately one-half of the infec- 

tion solution. The difference in volume of infection solution 

used in Experiment 1 and in Experiments 2 and 3 offers a plaus- 

ible explanation for the observed results in Experiment 1. It 

has been shown that, where a water suspension of eggs is used, 

the last third of a suspension yields numbers of eggs per dose 

far in excess of the initial standardized limits. The first two- 

thirds of the volume yield numbers of eggs per dose whieh are 

relatively close to the initial standardization. Thus, in Exper- 

iment 1, which utilised the entire amount of the suspension to 

infect the 80 chicks, the chicks receiving the terminal third of 

the total eggewater suspension received. doses of eggs far in ex- 

cess of those chicks which were infected with the initial two- 

thirds of the suspension. The larger dose of eggs fed the form- 

er chicks accordingly developed into more worms. It is evident, 

therefore, that one should use only about one-half the volume of 

a water-egg suspension when experimentally infecting chicks with 

A. elli, This would tend to eliminate dosages with the higher 

egg count occurring at the bottom portion of the infection vial 

contents in a water suspension.. In a sugar suspension of eggs 

this would not be a factor as there is no settling out of eggs 
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causing the cumulative increase of eggs per unit volume in the 

last portion of the infection solution. 

A study was made of the current as well as new techniques 

emPloyed in ox-oorimentally infecting chicks with emhryonated 

of '.searidla oalli to ascertain vihether or not these tech- 

nicrzes 'C'020 eesponsiblo for the va..,lotion in the numbers of 

-7orms recover° fron to chick. Three experirents were 

conducted utiliring 144 hito liock chicks separated, in each ex- 

.t Into t:;o ecrxl weight grouls. In each group, each 

chick was fed 100 + 10 A. aIll embryonected eggs. The chicks of 

Group I of each experiont were fed eggs suspended in water; 

whereas, the chicks of Group II wore fed eggs suspended in a 

1.25 i sugar solution. A record of the order of infection was 

keot of each chick in both groups. The order of infection was 

recorded to determine if tile position of the chick in the in- 

fection order influencef: the numbers of worms recovered from the 

chick Pt cutopsy. The results of the study on infection tech* 

piques are as follows: 

1. Microscopic counts of eggs suspended in water showed a 

cisnifiwolt increase in tho numbers of eggs nor unit volume as 

the volume of the infection mixture WAS decreased. These counts 

also 0)o-fed that the desired deviation of plus or minus 10 eggs 

was not accurately describing the actual deviation occurring in 

egg-water infection mixtures. 

2. T'icroscopic counts of eggs suspended in a 1.25 ,:, sugar 
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solution rthowerl thnt the nunbor of cus nor unit dose 0,16 not in- 

crease rArnIficnnt17 nn tl,e voluno of itle inection solution (le- 

crosca. Mese couHts &.)owed less tion in nupbers of eggs 

nor unit dose boteon sl=ples nn0 ,:7ere !icnifIctIntly of less 

vtarit4on tli the water varition in em counts. 

3. In all of the oxoorients there 'Jere no significant dif- 

ferences in weight gains between the chicks in Group 1 and Group 

Il:. 

4. 71th tile exception of Grono I, :x-oorinent I, tere were 

no significant regression coefficients of weight gains by order 

of infection of chicks. 

G. The results of all of the experinents show th:rct the 

chicks in Group I harbored sienificantly more worms than did the 

chicks in Group II. 

6. The regression coefficients Of nulibers of worms recov- 

c,red from chicks by order of infection in Groups I and Il showed 

no significant slope except in Group I of Experiment 1. TTowever, 

there was a consistent trend for the regression coefficient of 

worms recovered fran the chicks in Grouo I to follow a positive 

slope. 

7. In five out of six of the groups of chicks there was an 

inverse relationship between the regression coefficients of 

weight gains and the numbers of worms recovered. 

6. There were no significant differences between the lengths 

of the Worms recovered from the two grout of chicks in all of 

the experiments. 

O. Group I, Experiment 1, showed the most significant in- 
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crease of worm. nunhor recoveries anr weiofht gsin decreases of 

177 of the other groups. This was due to the use of the last 

third of the wator-egg infection mixture 71 th its increased num- 

ber of eggs per unit dose, resulting in increased. worm numbers 

tow,rd the end of the infection order. 

10. The use of an artificial digestive solution cornlately 

digested the uteri of the L. gall females; thus, a. more com- 

plete liberation of the egs from the uterus was effected in 

preparation of cultures. This reduced the numbers of egg mas- 

ses in the infection mixture -yhen experimentally infecting 

chicks. 

11. The use of an electrophotometer for standardizing dos- 

ages of A. Falai eggs for infection purposes was found not to be 

practical. The inability of the electrophotometer to distinguish 

the embryonated eggs from the unembryonated eggs at 'high levels 

of embryonation made it necessary to make special counts to de- 

termine percentage of embrvonation. 

12. The variation in worm numbers recovered from chick to 

chick following an experimental infection can he explained. only 

in cart as resulting from infection techniques. icoparently, 

other factors such as physiological variations of the chick and/ 

or the parasite influence the numbers of worms surviving. 
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It has been observed that oonsidorable variation has ex- 

isted in the numbers of Ascaridia galli recovered from chick to 

chick following an experimental infection. Therefore, the pres- 

ent study was initiated to determine if present infection tech- 

niques were a factor in explaining this observed variation in 

worn number recoveries from chicks. 

All A. p21.11 eggs used in the study were obtained from liv- 

ing adult gravid females removed from freshly killed chickens. 

The eggs were cultured in 2 to 3 mn of water at 300 C. to 330 U. 

for 14 to 21 days prior to use in the infection studies. The use 

of an artificial digestion solution aided in preparing egg cul- 

tures (hie to complete breakdown of the uterine wall. 

licroscopic counts of embryonnted eggs were taken of stan- 

dardized infection mixtures utilizing the entire contents of the 

vial. The infection mixtures were both the water-egg mixture 

and the 1.25 M sugar solution suspension of eggs. Both mixtures 

were standardized at either 100 + 10 or at 50 + 5 embryonated 

eggs per unit volume. The counts were recorded by order of sam- 

pling from the vial as it would occur in an actual infection of 

chicks. These counts were made to determine the actual numbers 

of eggs and variation per unit dose occurring in infection after 

the initial standardization. 

All chicks used in the three experiments were straight run 

Vilite Rocks received as one-day-old from a single commercial 

hatchery. In each experiment the chicks were separated into two 

groups of equal weight. Group I was infected with 100 + 10 em- 
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bryonated eggs susiended in rater, whereas Group II received a 

like number of eggs suspended in a 1.25 TI sucrose solution. 

record of the order of infection was kept by means of wing band 

numbers. The chicks were killed, at the age of five weeks, after 

three weeks of infection, and the worms recovered from the in- 

testine. The worms were preserved in 10 per cent formalin and 

measured. by projecting the images of the worms on a ground glass 

plate of a view camera. A milled wheel recorded lengths of 

worms in millimeters. 

The results of the study of infection techniques are as fol- 

lows: 

1. 7Acroscopic counts of eggs suspended in water showed a 

significant increase in the numbers of eggs nor unit volume as 

the volume of the infection mixture was decreased. These counts 

also showed that the desired deviation of plus or minus 10 eggs 

about the mean of 100 eggs per unit dose was not accurately de- 

scribing the actual deviation occurring in the egg-water infec- 

tion mixtures. 

2. Microscopic counts of eggs silspended in a 1.25 M sucrose 

solution showed that the numbers of eggs per unit volume did not 

increase significantly as the volume of the infection solution 

decreased. These counts showed less variation in numbers of eggs 

per unit dose between samples, and were significantly of less 

variation than the water variation in egg counts. 

3. In all of the experiments there were no significant dif- 

ferences in weight gains between the chicks in Group I and Group 
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4. rith the exception of Group I, Exoeriment 1, there were 

no significant regression co fficients of weight gains by order 

of infection of chicks. 

5. The results of all of the experiments show that the 

chicks in Group I harbored significantly more worms than did the 

chicks in Grow:) II. 

6. The regression coefficients of numbers of worms recover 

erect from chicks by order of infection in Groups I and 11 showed 

no significant slope except in Group I of Exnerinent 1. How- 

ever, there was a consistent trend for the regression coeffi- 

cient of worms recovered from the chicks in Group I to follow a 

positive slope of greater value than the respective slope of 

Group II. 

7. In five out of six of the groups of chicks there was an 

inverse relationship between the regression coefficients of 

weight gains and numbers of worms recovered. 

8. There were no significant differences between the 

lengths of the worms recovered from the two groups of chicks in 

all of the experiments. 

9. Group I, Experiment 1, showed the most significant in- 

crease of worm number recoveries and weight gain decreases of 

any of the other groups. This was due to the use of the last 

third of the water-egg infection mixture with its increased num- 

ber of eggs per unit dose, resulting in increased worn numbers 

toward the end of the infection order. 

10. The use of an artificial digestive solution completely 

digested the uteri of the A. 0111 females; thus, a more complete 
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liberation of the eggs from the uterus was effected in prepara . 

tion of cultures. This reduced the numbers of egg masses in the 

infection mixture When experimentally infecting chicks. 

11. The use of an electrophotometer for standardizing dos- 

ages of A. till eggs for infection purposes was found not to be 

practical. The inability of the electrophotometer to differen . 

tiate the embryonated eggs from the unembryonated eggs at high 

levels of embryonation made it necessary to make special counts 

to determine percentage of embryonation. 

12. The variation in worm numbers recovered from chick to 

chick following an experimental infection can be explained only 

in part as resulting from infection techniques. Apparently, 

other factors such as physiological variations of the chick and/ 

or the parasite influence the numbers of worms surviving. 


