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INTRODUCTION 

There has been a dearth of information on the biology of nematodes• of the genus Oapillaria, as well as on the effects of these parasites on 
t their hosts. The species 0, columbae, discussed in this bulletin, has
f been responsible f r deaths among pigeons in Europe. In view of the 

J:l increasing import nce of pigeon raising in the United States, experi­
~ mel'were condu ted to obtain flmdamentu.l information that might 
() lea the form lation of satisfactory control measures. Experi­

:.= me ,were also onducted to determine the transmissibility of the .~ ~es chic and The::s par~· to ens turkeys under natural conditIOns. 
c.. data. tained as result of these investigations, together with indi­.,. 

WI cate control mea1ures, are presented in this bulletin . 
v -~ 

~;:; REVIEW OF LITERATURE 

c:: Oapilla,ria COl'U,1~bae wn,s first. described, in 1819, under the name 
-< Trichosoma columbae, by Rndolphi (12)/ who states that he obtained 
~ specimens from the large intestine of the pigeon (Oolumbae domesticae) . 

....:l 1 Submitted lor publication Decemher 1.1038, 
• Italic numbers In parentheses reler to !,itoraturo Oited. D. 18. 

123575-33--1 1 
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Eber (2) and Schlegel (13) reported Tl'ichosorna tenuissimum (syno­
nym of Oapillaria colurnbae) as being the cuu!'e of a number of deaths 
among pigeons in Europe. In the course of necropsies OIl parasitized 
pigeons, these authors observed that an intensive intestinal inflamma­
tory condition developed as a result of a hea.yy infestation with 
C. columbae. Eber (2) further reported that the entire intestinal 
mucosa was swollen and (lcstroyed, und that, in severe cases, masses of 
the sloughed mucosa sometimes blocked the lur.len of the lurge in­
testine so completely as to cause the retention of large quantities of 
fluid in the posterior part of the small intestine. 

Levine (8) reported havlllg successfully produced heav-y infestations 
with O. coho mbae in chickens by the direct feeding of the infective eggs. 
Eber definitely showed that this parasite was pathogenic to chickens 
and that heavy infestations in these birds caused loss of wcight, 
emaciation. and death. Definite lesions consisting of a catarrhal 
enteritis with des quam a tiOll of the intestinal epithelium were re­
corded by th':s author, who found also that pigeon" became infested 
with this parasite through the ingestion of contaminated feed and 
water. He suggested that the droppings be collected daily and either 
burned or buried deeply as a possible control measure. 

Graybill (3) reported finding specimens of this parasite in the 
chicken and the turkey. f:l~tL~bs and Crawley (16) reported speci­

cmens of an uncletermin~':\ species of capillarid from the intesti.nes of 
three young White W} ·andotte chickens that had been brought to 
their laboratory for ex tmination. AcconUng to these U.uthOI'S, the 
females of this worm va ried in length from 11 to 13 mm. and the eggs .. 
measured 45/L by 25/L. It is not possible to determine from their 
report whether the wori.'lS reported by them were C. coi1.17nbae, but 
the length of the females and the size of the eggs suggest thut the 
species involved was probably O. columbae. 

DISTRIBUTION AND HOSTS 

Oapillaria columbae was first reported by Rudolphi (12) from the 
large intestine of the domestic pigeon in Europe. This parasite has 
since been reported from the same host species in Australia, Brazil, 
Canada, Ceylon, Cuba, France, Hungary, Ireland, Yugosla\"ia, Scot­
land, and United Sta.tes. 

Although normally a parasite vf the small intestine of the domestic 
pigeon (Oolumba livia dornestica) and the wilclpigeon (0. Livia), 
Capillaria cnlumbae has been reported from the in testincs of the mourn­
ing dove (Zenaidura carolensis) by Skrjabin (14), Trayassos (17), 
Leidy (5), and Stiles and Hassan (15); from the chicken (Gallu8 
domesticus) by Graybill (3), Morgan (.9), and Levine (6, 8); and from 
the turkey (Meleagris gallopavo dornestica) by Graybill (3) and Perez 
Vigueras (11). . 

In the United States, Gapillan:a columbae has been collected from 
the pigeon in Maryland, Nl'w Jersey, New York, South Carolina, and 
the District of Columbia.; from the chicken in New York, New Jersey, 
Pennsylvania, and the District of Columbia; and from the turkey in 
New Jersey. 

EXPEIUMENTAL PROCEDURE 

The pigeons used in the study of artificial and natural infestations ' , 
were supplied by the Animal Husbandry Division of the Bureau of 
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Animal Industry, and the strain of Oapillaria columbae was obtained 
from infested pigeons supplied by a pigeon raiser in one of the southern 
States. The work was carried out in the laboratory of the Zoological 
Division at the Agricultural Research Center, Beltsville, :Md. 

Material for experimental purposes was made available by confining 
uninfested with infested pigeons of this species uncleI' conditions sim­
ulating those usually employed for the rearing of these birds. The 
room used for this purpose ha.d a dirt floor, roosts, and other equip­
ment necessary for the successful rearing of pigeons. To insure heavy 
infestations in the birds, conditions in the room were maintained as 
nearly ideal as possible for the perpetuation of O. columbae. The 
droppings were allowed to accumulate on the floor of the room, and 
the soil was kept slightly moist to provide adequate moisture for the 
development of the eggs passed with the droppings of infest.ed birds. 
Occasionally, the topsoil with the accumulated droppings was turned 
under in order to build up a heavy infection in the soil. Feed for 
the pigeons was scattered promiscuously over the surface of the soil 
so Lhat particles of fecal material containing infective eggs might 
cling to the food particles and later be swa110wed by the birds. 

'Vhenever experimental or dead birds were removed from the 
infection pen, they were replaced by clean birds. All birds placed in 
the infection pen were leg-banded, the band numbers and the ages of 
the birds being recorded for future reference. All clead birds and 
C'ose otherwise removed from the room were examined post mortem, 
and estimates of the number of worms present in the intestines were 
made. 

Eggs of Oapillaria columbae intended for experimental infections 
were obtained by cutting gJ'il.yin females into small pieces in Petri 
dishes containing a small quantity of t'l.P or distilled water and then 
allowing the prepared cultures to remain at room temperature (20 0 

to 24 0 C.) until embryonation of the eggs was completed. 
The birds used for artificial infections were given infective eggs in 

a small quantity of water by means of an ordinary medicine dropper. 
Following infection and throughout the course of the experiments, all 
birds were confined in wire cages provided with wire-mesh floors 
beneath which were meta.l pa.ns. Feed and water were placed in metal 
troughs attached to the outside of the cage so as to avoid contamina­
tion with droPTJings. 

The following procedure was used in the examination of the infested 
bl':'~3: The small intestine was slit open in a large dish containing a 
Luali quantity of water, and the intestinn,l contents, including the 
mucosa, were scraped loo,je from the wall of the intestine with a 
scalpel or knife. The scrapings were usually examined immediately 
for the presence of worms, but if for nny reason the material coulcl 
not be examD~ed at once, it was preserved in 2 to 4 percent of formalin 
for later examination. Sedimentation of the fresh intestinal contents 
for the purpose of concentrating the worms was ul1satisftlctory owing 
to the tendency of many of the worms to remain near the surface of 
the water in the settling dish. Consequently, it wap nel'esSal'Y to 
examine a small quantity of the sediment; at a time. A few drops of " 

1 	 the materia.} were pipetted into a smn.ll Petri dish and then diluted 
with a small quantity of water. The larger particles of mucus were 
broken up by repeated withdrawal from and expulsion of the material 
into the tube with a wiele-mouthed pipette. This procedure also 

http:infest.ed
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served to release many of the 'vorms that were entangled in bits of 
mucus and that otherwise might have been overlooked. The diluted 
material was then placed under a binocular microscope equipped with 
a medium-powered objective, and the worms were removed by means 
of a needle or a fine pipette. 

Larvae intended for morphological studies were usually examined 
in the preserving fluid, since the addition of a clearing agent obliter­
ated the outlines of the internal organs by making them too trans­
parent. Some of the structures were brought out more clearly by 
adding to the solution containing the larvae a drop or two of a weak 
solution of iodine or some other intra-vitam stain. 

DESCRIPTION AND DEVELOPMENT OF EGGS 

The eggs of Oapillaria columbae (fig. 1) are lemon-shaped, yellowish 
in color, with thick, punctate shells provided at either end with a "plug." 

'IOU 
I 

FIGUIlE 1.-Eggs of Capillaria coillmbac: A, Egg as found in freshly deposited 
feces of pigeon; B, egg 48 hours after incubation at 24° C.; 0, egg 48 hours after 
incubntion at 24°; D, cgg 65 hours aftcr incubation at 24°; E, egg 89 hourG 
niter incubation at 24°; F, egg 192 hours after incubation at 24°. 
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In a series of measurements involving 25 eggs, the variation was from 
50,u to 55,u in length and from 27,u to 31,u in width. Morgan (9) found 
the eggs to be from 48,u to 55110 long and 22,u to 27,u wide, whereas 

.' Graybill (3) reported them to be 50,u to 62,u long and 20,u to 27,u wide. 
The contents of the freshly deposited egg (fig. 1, A) are homogeneous 

in character. After 48 hours of incubation under conditions affording a 
suitable supply of oxygen, moisture, and heat, cleavage had progressed 
to the two-celled stage (fig. 1, B) and, in some instances, to the four­
celled stage (fig. 1, (J). Within 65 to 89 hours, development had 
progressed to the morula stage (fig. 1, D and E), and 6 to 8 days were 
required for the eggs to become infective (fig. 1, F). Graybill (3) 
found that the eggs contained embryos in 7 days when cultures were 
kept in physiological saline at a temperature ranging from 23° to 
25° C. He noted infective eggs in 6 days when the cultures were kept 
at a temperature of from 24° to 25°. 'The present writer found that 
eggs cultured in tap or distilled water contained completely formed 
embryos in 6 days when kept at room temperature during August 
1936, and in 8 days when kept at room temperature during October 
1936, at Washington, D. C. Eggs cultured in 1 to 2 percent of formalin 
likewise contained fully formed embryos as early as those cultured in 
tap or distilled water. 

EFFECTS OF LOW TEMPERATURES AND AIR DRYING ON THE 
VIABILITY OF EGGS 

The effects of environmental factors on the viability of the eggs of 
Oapillaria columbae were determined by a series of experiments that 
involved the exposure of both nonembryonated and embryonated eggs 
suspended in a small quantity of water, or in a completely dried state, 
to various temperatures for differe~t periods. ,. 

Nonembryonated eggs were obtamed from females collected from' 
the small intestines of freshly necropsied pigeons. These gravid 
females were placed in a dish containing a small quantity of either tap 
or distilled water and cut into fine pieces with a pair of scissors. The 
dish was then exposed to the desired temperature. Embryonated 
eggs were obtained by exposing to room temperature, until the eggs 
embryonated, freshly cut up, mature, gravid females suspended in a 
small quantity of tap or distilled water. 

EFFECT OF COLD ON NONEMBRYONATED EGGS 

Freshly prepared cultures were exposed to varying dE%'l'ees of cold 
and examined after they had incubated for a sufficient tlITle at room 
temperature to permit embryos to develop. In each experiment a. 
control culture, prepared. in the same manner as the experimnntal 
cultures, was mamtained at room temperature. In all cases the eon­
trol cultures yielded large numbers of embryonated eggs after incuba­
tion for periods of from 7 to 10 days. The data relating to t·he cultures 
that were subjected to low temperatures are given in table 1. 

The data in table 1 indicate that nonembryonated eggs of Oapillaria 
columbae may survive the winter in most of the States of the southern 
part of the United States, as the winter temperatures in this section 
are seldom less than the lowest temperature indicated in the table. 
However, these eggs probably would not retain their viability from 
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one warm season to another in many States of the northern part of the 
United States, since the winter temperature in many areas is lower than 
-904. 0 C. 

TABLE I.-Effect of low temperat~~res on the viability of nonembryonated eggs of 
Capillaria colurnbae 

Dura- Durn-

Ex­
peri­
ment 
No. 

Tempernture
to which cul­
ture was ex­

posed 

Dura­
tion of 
expo­
sure 

tion o[
subse- Emhryo­qllent nnted eggsincuba­ found in tion at culture art er room incubationtern-

Ex­
peri­
ment 
No. 

Temperature
towhkh eul­
ture was ex· 

posed 

Dura­
tion of 
expo­
sure 

tion of 
subse- Embryo­quent nated eggsincuba­ found in tion at culturearterroom incubationtem­

pern­
ture 

pern­
tnre 

-
°C. Days

1 

}-5.0 to -9,4 i{ 
5 

2 15 
a 24 
4 I 35 
D }-2.2 to -5.0 l{ 3 
D 

I 5 

Days 
14 
20 
11 
7 
S 

14 

Kumerous. 
Few. 

Do. 
Yery few. 
Numerous. 

Do. 

7 
8 
9 

10 
11 f 

°C_ 

2.5 to 5 

Days 

1 
7 

14 
22 
90 

170 

Days 
8 
8 
8 

12 
8 

Numerous. 
Do. 
Do. 
Do. 
Do. 

EFFECT OF COLD ON EMBRYONATED EGGS 

Levine (7), carrying on experinlents in the State of New York, 
exposed embryonated eggs of Oapilla1>ia columbae to natural conditions 
in the shade from October 21, 1935, to November 9, 1936, a period of 
385 days, and found that the eggs were capable of producing light 
lilfestations when fed to chickens. He also found that embryonated 
eggs suryived an exposure to natural conditions in the sun from N ovem­
bel' 2, 1935, to March 27, 1936, a period of 146 days. In another test, 
he exposed embryonated eggs contained in fecal residue (50-percent 
moisture) to a tempern.ture of _1 0 C. and found that they survived 
continuous freezing for 316 clays but not for 346 days. 

To determine the effect of cold on embryonated eggs of 0, columbae, 
and to determin~ whether such exposed eggs were capable of producing 
an infection, cultures were exposed to different temperatures and 
subsequently fed to uninfected pigeons. The results of these experi­
ments are shown in table 2. 

TABLE 2.-EjJc,;ts of 1010 temper(/ture.~ on theviabilitll of embr!Jonated eggs nf 
Capillaria colwnbae 

I 
. Dale of Dale of1)'fcmperaturc to ,tlr~t1on (ceding ex-alliin·Experiment N'o. whieh culwre of expo- cg~'S to Worms recovered ill!:was exposl',l sure pi~eon pigeon 

°C. Days 10;'17 1937
1 .. ___ .... ________ .. ____ • ______ _ -Ii. 6 lo -0.-1 7 AuI'. 18 Oct. 5 Few. 
3______________________ .. ___ _ 
2 ___________________________ . 

-0.7 to -12.2 14 Sept. 10 No\'. 15 Very f(l'w. 
-2.2 to -5.0 7 Au~. 18 Oct. 5 :'ofany. 

7 (1) Emhryos very active. 2.5loL:::::::::::::::_::~-::~::: } 170 <I) Embryos dead. 

I Not fed. 

From the data giycn in table 2 it is evident that some embryonated 
eggs of O. columbae survived a continuous exposure to a temperature 
of - 6.70 to - 12.20 C. for as long us 14 days. It is apparent, however, 
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fthat a slightly longer exposure to this temperature may have been 
detrimental to these eggs, since only a very few worms were recovered 
Irom the intestine of a pre'\-iously uninfected pigeon as a result of the 
feeding of a large number of these eggs. At the sam~ temperature, 
embryonated eggs are apparently viable for a shorter tIme than non­
embryonated eggs. Cultures of both types of eggs 'were exposed 

50continuously to a temperature of 2.5 0 to for 170 days. At the 
expiration of this period none of the embryonated eggs contained live 
embryos, whereas the nonembryonated eggs developed completely 
formed embryos when e~-posed for 10 days to room temperature. 

EFFECT OF DRYI~G O~ EGGS 

X ewbigin and ~forgan (10) reported that poultry runs which had 
been left ulloccupied for 8 months still hlubored viable eggs of Capil­
laria spp. Levine (7) found that embryonated eggs of C. columbae 
which had been thoroughly dried by means of an electri~ fan were 
dead when examined 14 days later. The follmving expenment was 
conducted bv the writer to determine the resistance of O. columbae 
eggs to (lrying under laboratory conditions: 

Eggs in ,...-hich the de,"eloping embryo had reached the morula 
stage~were contained in small Petri dishes to which a little water had 
been added and permitted to dry in air at room temperature. The 
time at which the water had completely evapora~ed from the dishes 
was noted. The eggs were then allowed to remam at room temper­
ature for 24 hours. ~ Water was then added to the dry dishes and the 
cultures were allowed to remain at room temperature for several days 
to determine whether development of the embryos would be resumed. 
The effects of air drying for 24 hours were apparently lethal, since no 
further development of eggs was observed. 

DESCRIPTION OF E~IBRYOS 

The embryo, or unhatched larva. (fig. 2, F) is regarded as the first­
stage larva since it ~...-as not observed to molt "ithin the egg. In 
order to make a detmled study of the morphology of the embryo, it 
was necessary to free it from the eggshell. This was most easily 
accomplished by pla.ring eggs on 11 slide, covering the preparation with 
a cover slip, and then carefully rotating the cover slip under gentle 
pressure with the tip of the finger. If the excess water underneath 
the cover slip was allowed to evaporate or was dra\vn off with a piece 
of filter paper before nttempting to release the embryos. less difficulty 
was encountered in obtaining embryos in perfect condition. 

As shown by a series of measurements involnng 12 embryos, 
variation in size is from l23,u to lflO,u in length and from 8,u to lOll 
in ",idth. A distinct stylet (fig. 2, F) is present at the anterior end of 
the esophagus in specimens subjected to slight pressure, and this 
structure is sometimes seen prntruciing from the oral opening (fig. 2, 0). 
The esophugus is slightly swollen in the head regio~ and also just an­
terior to the beginning of the cell body, the posterior swelling being 
the most pronounced. :0i"umerous cells are present in the coelomic 
cavity anterior to the cell body. The short cell body is about 351l 
long and consists of two rows of opposing cells. The intestinal tract 
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posterior to the cell body is not well differentiated. Three or four 
vacuoles and a few undetermined structures are the princi;pal struc­
tures present in this region. The posterior end of the body IS bilobed. 

100 II 

s.: 
;.­ ~ 

C

)~ 

F 

FIGURE 2.-Various stages in the devehpmcnt of Capillaria columbae: F, Embryo, 
or unhatched first-stagc larva; C, anterior cnd of up hatched first-stage larva. 
showing protruded stylet; D, late first-stage larva removed from intestine of 
pigeon 7 days after infection; E, first-stage larva in molt; G, second-stage larva; 
B, enlarged drawing of the posterior end of second-stage larva. in molt; A, 
posterior end of adult male showing protruded spicular sheath. 

The anus opens subterminally. A clear streak, presumably the 
lumen of the rectum, extends anteriorly from the anal region for a. 
short distance. 
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DESCRIPTION OF LARVAE 

LATE FIRST-STAGE LARVA 

Numerous late first-stage lnrvne, including one specimen in molt 
(fig. 2, E), were removed from the small intestine of young pigeons 
7 days after the administration of embryonated eggs of Capillaria 
columbae. Examination showed that la.rvne of tbis stage (fig. 2, D) 
vary from 200JL to 292JL in length and from 12JL to 161L in width. A 
stylet is present at the anterior end of the esopbagus. The esophagus, 
in a. specimen 240JL long, is npproximately 175JL long and possesses a 
slight swelling in the headreglOnand Ilnother lurgerswelling just anterior 
to the cell body. The esophagus (fig. 2, D) lies superficial to nnd is 
only partly embedded in the cell body. The cell body is about 841L 
long and consists of two rows of opposing cells of which the anterior 
six appear to be more gmnulaT than the others. Two lnrge oval 
cells of uncertain origin and identity arc present at the esophago­
intestinal junction. The intestine is approximately 65JL long and 
consists of a single layer of cells. The rectum is 12.51L long and 
consists of only a single layer of cells. The nnus is located subtermi­
nnny. The bacillary bands nre feebly developed and extend the full 
length of the body. 

The principal measurements of 10 larvae taken at random from a 
large number of specimens mmoved from the intestinal contents of a 
pigeon ure shown in. table 3. 

TABLE 3.-2\1[easltrcments oJ 10 first-stage larvae of Capillaria colnmbae 

~rcnsnrcmeDts oflnrm :-."0.-

Item 
10 

---------1----------------.-----­
.Iri- .Hi· ,Hi· ,I[i· .'Ii· .Hi· Mi· ~fi· .l1i· .IIi· 
c((m.~ cr07M cr071,i( cro'fl,'{ CrD1l/~ crotl.' CTOIl& cro'/lS crans Croll., 

Li)flgtlL~~_. ~~~ •• _ .. ~ ___ ~ .. _ ~orJ ~fl:! :!50 ~20 ~(jn ~20 2fiO :292 2~·1 240 
... ;\11\~lnl1lm width ...... . - . I!! 12 J.l 14 l:j 11 J.I JG i H 14 

Length or p"'opll·Jgtl~._ J:.!.i lfij 1':1 1·1!1 1,-1 Jill Ii;) i ~OO ::!2;~ I lUi 
l.rngth or «('1\ bodr..... '::._ \ U:! 70 Jon I 1011 1 100 ~12 I 10., I \Ii i 13" ~4 

" 

~ ~ 

fl. ;LpnJ,!th or ifll{·... tiU(l~. w'~--."I ;;. ~fi I i1 7~ i 41 I X."i U2,50 fi5I i ! I---------_. .----_. 

SECO:-:D-STAGI~ T.ARVA 

Fully developed first-stage hi nne molt fI nO. the resuning second­
stage Ifll'yue complete their development between 7 and 14 days 
after infection. Larvae J'eco,'el'ed from the small in testines of pigeons 
1 week after hnving been fed infective eggs were considered first-stage 
lllrvae beCH.11Se of the presence of a double-rowed cell body. On the 
other hand, InTvlle recoyered from the smull intestines of pigeons 
2 weeks after infection were considered third-stage lnryue, sincc the 
cell body consisted of only u single row of cells, the genital primordium 
extended nearly the full length of the intestine, and the length of the 
esophagus wus 1.7 times as long as that of the intestinc. The cha.r­
acters of second-stage IfllTne, uS observed in specimens (fig. 2, G) re­
covered from th(.' intestines of naturally infested pigeons, fire given 
in the followin~ paragraph. 

Lurvnc of thIS s!age yary from 7001L to nearly 3 mm. in length and 
frolll 17JL to :~5JL III width. TIler nppt':ll' to hnve 110 stylet. The 
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character of the intestinal tract is similar to that of the first-stage 
larva. The relative lengths of the esophagus and the intestine 
differ, however, from those of the first-stage larva in that the intestine 
is proportionately: much longer than the esophagus. This fact is due 
to the more rapId growth of the intestine. The total length of the 
esophagus, in a larva 1.18 mm. long, is about 784J.1, and that of the 
intestine about 400J.l. The faintly annulated cell body originates 
about 192J.1 from the anterior end of the larva and extends posteriorly 
for a distance of about 592J.1. The first cell of the cell body is con­
siderably longer than any of the others. Many large, brown inclu­
sions, apparently of a granular nature, are present in the body wall. 
Bacillary bands are vi.sible throughout the body but appear somewhat 
thicker III the region of the nerve ring than elsewhere. The intestine 
consists of a simple tube, with the anus opening subterminally. An 
enlarged drawing of the posterior end of a second-stage larva in molt 
is shown.in fig. 2, B. 

THIRD-STAGE LARVA 

Third-stage larvae (fig. 3, B) vary from 2.32 to 4.05 mm. in length 
and from 24J.1 to 44J.1 in width. In a lnrva 3.51 mm. long, the distonce 
from the anterior end of the body to the cell body is 380J.l; the lengt.h 
of the cell body is 1.81 mm., of the esophagus 2.19 mm., and of the 
intestine 1.32 mm. No sex differentiation can he determined in this 
stage. The genital primordium is illmost as long as the intestine, 
and the well-developed bacillary bands extend throughout the body. 
:Many large brown inclusions, apparently granular in na.ture, are 
present in the body wall. Meosurements of third-stage larvae are 
given in table 4. 

TABLE 4.-1iJeasllremcnis of third-stage larliae of Capillaria collltllbae 

~\rc"surements 01 lRr\'R ):0.-
Item 

__________.1 __1_\ 2 '3 4 ~ 6 ; 8 

Length .•..•••...•••••••millimrters.. 3.51 2.; 3.72 2.34 2.63 3.52 4.05 2.32 
'Maximum width ..........microlLs.. 28 I 32 44 24 36 42 30 24 

Length olosophngus.... rn'llimctrrs.. 2.19 1. i3 2.5n 1. 66 1. 65 2.17 2.70 1. 50 
Length 01 cell hotly ........... <10. .•. 1.81 1.41 2.15 I.H 1.33 1.79 2.1 1. 1.11 

Lengtholintestinr ...........rlo"1 1.32 .97 1.17 .68 .98 1.35 1.35 .82 


FOURTH-STAGE LARVA 

The transition of the larvae from the third to the fourth stage 
occurs between the second find third weeks of infection. A stlldy of 
fourth-stage specimens (fig. 3, G) showed that they vary from 4.05 
to 6.5 mm~ in length find from 3GI-I to 441-1 in width. The sexes in the 
fourth stnge are distinct, the length of the males a.vernging slightly 
less tllOn tha t of the femnles. Both !'icxes possess well-de,'eloped 
bacilla!'v bn.nds, and nllmerous lnrgc hrown inclusions, apparently'"" 
granular in nature, fire prcsent in the body wall. The female organs 
arc dearly differentiated into a vog-ina nnd uteri; the position of the 
vulva (fig. 3, F) is indicated by n, convexity in the body wall. The 
-vagina appeal'S as n hrond clear area nbou t 1001-1 long, which extends 
lJosteriorly frol11 the vulyar swelling. In a femnle specimen 6.5 mm. 
long, the esophagus is 3 mm.long und the intestine 3.4 nun. long. In 
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FIGURE 3.-Various stages in development of Capillaria colu/I!bae: 13, Third-stage 

larva in molt; a, fourth-stage larva, felllale; F, enlarged drawing of the vaginal 
region of fourth-stage larva; I, \'entral view of posterior extremity of male 
fourth-stage larva showing t·he two fingerlikc processes; A, immature adult 
male; E, lateral view of posterior end of immature adult male in molt; H, 
lateral view of boely of adult in region of esophago-intelltinal junctiou, show­
ing large triangular cell and esophageal cell annulations; K, lateral view of 
adult female in region of esophago-intestinal junction and vulva; .r, ventral 
view of posterior end of male showil1!!; extruded SpicultH sheath and bursa; D, 
portion of bacillary band in surface view; C, portion of bod\' in region of esoph­
agus showing columnar cells of bacillary bands. . 
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a male 5.45 mm.long, the esophagus is 2.77 mm.long and the intestine 
2.7 rom. long. The male organs consist of a testis and a weakly 
cuticularized spicule that measures about 1.3 mm.long. The posterior 
extremity (fig. 3,1) is rounded and shows, in ventral view, two super­
ficial processes pointing inward. 

SEXUALLY IMMATURE ADULT MALE 

A single ensheathed male specimen (fig. 3, A), 7.9 mm. long, was 
taken from the small intestine of a naturally infested pigeon. The 
well-developed spicule measured 1.48 mm. in length, its distal end 
being about 200JL from the posterior end of the body. The trans­
versely striated spicular sheath extended beyond the spicule to the 
tip of the posterior extremity. The distance from the anterior end 
of the body to the beginning of the cell body was 281JL j the cell body 
was 3.2 mm. long, and the intestine 4 mm. long. The posterior 
extremity (fig. 3, E) appeared to be similar to that of the sexually 
mature adult male. No female corresponding to this male in the 
scale of development was found. 

DESCRIPTION OF ADULTS 

Graybill (3) and Irwin-Smith (4) have given fairly accurate and 
complete descriptions of the adults of Oapillaria columbae. When 
first removed from their natural habitat, the living worms usually 
assume a loose corkscrewlike appearance, the posterior extremity of 
the mule usufllly being coiled. The posterior portion of the body of 
the female is extremely dark in appearance owing to the presence of 
the reproductiye organs. The distinctly annulated cell body consists 
of a single row of cens, the shortest and broadest of these beIng at the 
posterior end. The annulntions of the first few cells are absent or 
seen only with difficulty. ~owever, these annulations are pronounced 
in the cells near the postenor end of the ceU body (fig. 3, H). The 
two larg<', somowhnt triangulfll' cells (fig. 3, K) present at the esophngo­
intestinal junction arc more conspicuous in the male than in the female. 
The esophago-intestinnl junction divides the hody into two appro:x'i­
mately equal parts, the intestinal region being somewhat the longer 
portion. 

The vulva is locn ted slightly posterior to the terminal cell of the 
cell body nnd the posteriorly directed vngina is heavily muscled 
(fig. 3, ]{). The posterior extl'emity of the female is rounded, with 
the anus subterminal. 

The spicule (fig. 3, A) is surrounded hy ;1 transversely strifl ted sheath 
that extends posteriorly beyond the spicule to the posterior end of the 
body. The spiculnr sheath in preserved specimens (fig. 2, A) is 
frequently extruded for a considemble distance from the cloaca. The 
cloacal aperture is surrounded dorsally by a small spatulalike bursa 
(fig. 3, J) or membrane, which is a continuation of the body cuticle. 
It is supported on each side. by a knob-shaped ray. Measurements of 
the adult worms are given m table 5. 
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TABLE 5.-Mea8urement8 of adult worm8 of Capillaria c(}lumbae 
FEMALES 

Measurements or worm No.-
Item 

g1 2 3 4 5 6 7 8 10 

Length•••••••.•.•••••••••mi1limet~rs•. 16 14.4 17.2 15.9 14.5 13.1 12.3 13.8 16.6 13.0 
Maximum wldth ..•••••••••••mlcroas.• 108 84 88 76 92 84 76 72 80 80 
Length or esophagus ••..••millimeters •• 6.1 5.6 6.6 6.3 5.6 5.3 6.6 5.7 6.2 6.3 
Length or cell body •.••••••••••••do•••• 4.6 5.0 6.0 5.8 5.1 4.7 5.1 5.2 5.7 4.8 
Distance rrom anterior end or body to 

vuJva...__ ........__ ....millimeters.. 5.2 6.8 6.7 6.4 5.7 5.3 5.6 5.8 6.2 5.4 

Length or Intestines.............. do.... 9.8 8.6 10.5 9.5 8.7 7.8 6.9 8.0 I g.2 7.6 


MALES 

Length•• ____..__••• __ ••.•millimeters.. 10.1 11.6 13.8 12.4 11.5 1l.3 9.6 12 1l.3 11. & 
Maximum width .......___..microns.. 50 56 70 54 50 48 44 56 46 60 
Length or esophagus......millimetcrs.. 4.7 0.3 0.2 6.0 5.9 6.0 48 5.7 5.6 6.7 
Length or cell body. ____ .........do__ .. 4.4 4.8 5.6 5.6 5.3 5.5 4.3 5.2 5.1 6. 2 

Length or spicuJo................do.... 1.2 1.5 1.4 1.7 1.4 1.5 1.3 1.4 1.3 1.5 

Length or intcstine......... __ ....do.... 5.3 6.3 7.7 6.4 5.6 5.3 4.8 6.3 5.8 5.8 


RECAPETULATION OF DEVELOPMENTAL STAGES 

The first-stage larva is characterized by having a recognizable 
stylet and a cell body consisting of two rows of opposing cells. In 
the succeeding stages there is no recognizable stylet, and the cell body 
consists of only a single row of cells that are usually rectangular in 
shape and annulated. The esophagus, in all stages, possesses two 
swellings, one immediately back of the head and the other immedi­
ately anterior to the cell hody. Ohitwood (1) has shown that, con­
trary to the prevailin~ opinion, the esophagus is not surrounded by the 
cell body (fig. 2, G); It lies superficial to but in close contact with the 
cell body. A large triangular cell of uncertain origin and identity is 
present on either side of the esophago-intestinal junction. Two bacil­
lary bands (fig. 3, 0 and D) located laterally, extend the full length 
of the body in all stages. In the early larval stages, the esophagus is 
much longer than the intestine, but in the adult the two regions are 
approximately equal in length. The approximate ratios of the length 
of the esophagus to the length of the intestine for each of the stages of 
Oapillaria columbae are as follows: First stage, 3.5: 1 j second stage, 
2:1jthirdstage,1.8:1;fourthstage,1.1:1jandadult,l:1.4. 

DEVELOPMENT OF CAPILLARIA COLUMBAE IN PIGEONS 

Each of five young uninfested pigeons was given a large number of 
embryonated eggs of Oapillaria columbae at hourly intervals during a. 
4-hour period. These birds were held in cages and under conditions 
designed to prevent extraneous infection and were necropsied 7, 14, 
19, and 26 days after infection. The small intestines of two birds 
examined on the seventh day after infection contained numerous, very 
small larvae varying from 200J.L to 300J.L in length and from 13J.L to 
16J.L in width. Thef\e larvae were considered to be first-stage larvae 
because of the presence of a distinct stylet and a cell body consisting 
of two rows of cells. These larvae were 50J.L to 75J.L longer than the 
unhatched larvae. 
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The transition from the first- to the second-stage larva occurs be­
tween the first and second weeks after infection, probably very early 
in the second week, since larvae removed from the sml1ll intestme 
of one pigeon, which was necropsied 14 days after infection, were a:p­
parently in the third stage. Th~se larvae varied from 3 to 5 mID. ill 
length and from 30,u to 36,u in width. The cell body consisted of only 
a single row of cells. A stylet urns apparently absent. 

A few sexually mature adult::;, the fe!l1aiJs containing well-developed 
eggs, and many sexually immature adults were removed from the small 
intestine of a pigeon necropsied 19 days after infection, and a ]a~ge 
number of sexually mature adults were removed from the sman m­
testine of a pigeon necropsied 26 days after infection. Fecal exami­
nation of this pigeon u,t time of necropsy showed the presence of eggs. 
No fecal examination was made of the pigeon necropsied 19 days after 
infection, but this bird was found to harbor a few gravid females. 

DURATION OF INFECTION IN PIGEONS 

To determine the duration of the infection in pigeons, three young 
birds that had not been previously exposed to Oapillaria columbae 
were infected as follows: Pigeon 6303 was given a single dose of em­
bryonated eggs on September 3,1936, and pigeons 7069 and 7983 were 
given embryonated eggs on September 24, 1936, and again on Sep­
tember 26. Fecal examinations of these birds. made from 1 to 2 
months after the dates of infections, disclosed the presence of capil­
larid eggs. Pigeon 6303 was killed about 7 months after the date 
of infection, und five male O. columbae were recovered. Pigeon 7069, 
was killed 4 months after it WfiS infected, und a few specimens, mostly 
mules, were found. Pigeon 7983, in a post-mortem examination about 
3 months after the date of infection, gave negative results. 

From these results, therefore, it is evident that pigeons may remain 
infested for 7 months or longer. Le'vine (8) obtained mature specimens 
of O. columbae from the intestines of chickens 294 days after feeding 
of embryonated eggs. The experiments recorded by the writer show 
that there is a tendency for the male worms to survive longer in an 
infected bird than the female worms. 

LOCATION OF WORMS IN INTESTINE 

Necropsies of many pigeons experimentally and naturally infested 
with Oapillaria columbae showed that these worms usually occur 

<_ in the anterior half of the intestine. In light infestations, a few 
worms aTe found in that portion of the intestine anterior to the bile 
duct. In heavily infested birds, however, worms are found as far 
anteriorly as the beginning of the duodenum find nearly as far pos­
teriorly as the ceca. When mature und immature worms are present 
in abundance in the same bird, the greatest numbers of adults are 
found in the Hnterior hulf of the smull intestine. The mature worms 
are usually encountered somewha,t more forward in the intestine than 
are the immature forms, the latter usually being most abundant in 
the middle region of the small intestine beginning at a point about 4 
or 5 inches bo,ck of the duodenal opening. 

The worms are usually embedded more or less deeply in the in­
testinal mucosa, and ordinarily only a few of them are removed from 
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the intestinal tract by the usual method of drawing the opened in­
testine back and forth through water in a dish. Some of the adult 
worms may be freed by this method, but few, if any, of the immature 
forms can ~be recovered in this way owing to the deeper position that 
they occupy in the mucosa. The immature worms can be successfully 
removed only by scruping the mucosa from the intestinal walls and 
then examining the scrapings with the aid of a, binocular microscope. 

ADAPTABILI'l'Y OF CAPILLARIA COLUlifBAE TO TURKEYS AND 
CHICKENS 

CapillariCL col1.lmbae has only occasionally been reported from the 
small intestines of chickens and turkeys raised under natural condi­
tions. Graybill (3) stated that as a, result of many fiutopsies of chickens 
and turkeys for a period of seyeral years, C. col1l1nbae was neyer ob­
seryed in these birds in large numbers. As already' noted, Stubbs 
and Crawley (16) reported an undetermined species of capillarid from 
the intestines of three young White V(Yalldotte chickens that had been 
brought to their laboratory for exaillination. According to these 
authors, the female worms yaried in length from 11 to 13 mm. and the 
eggs measured 45.u to 25/l. Reasons for regarding these worms as 
C. columbae have alreadv been giYen. 

To obtain informatioil concei:ning the degree of adaptability of O. 
columbae to chickens aud tmkeys a series of e~-periments was conducted 
that invoiYed the exposure of these birds to infection under nn,tural 
conditions. Four turkeys from 2 to 3 months old and seyen chickens 
about IX months old were confined in a, small room with a number of 
heavily infested pigeons. A summt1r3T of this experiment is giwn in 
table 6, which shows that C. col1llnbae was snccessfullv transmitted to 
both chickens and tmkeys. . 

TABLE 6.-Data on the susceptibility cj chickens and turkeys to infestation with 
Capillaria colnmbae 

: Duration' 
S.pede~ and Dare 01 Dnre hosr , 01 infee· I '\,"orlL, present nt neerop,ybird ),"0. infection ""U, killecj 

nOD : 

----------------,---------------­
, ! Drzys , 

Turkey.1015•._•••• j June 29,193.: .\ug. 11,193. 1 45 : I mature female. 

Turkey4YfiO•._..••.•_".do ..•.•.. ! (Jrt. :',IY~; 101 : Fragments (If l worms. 

Turkey ~143 •••._.•.l ~ray 2;',IU3T I ,Tune 29,193. 35 I Few mature mules anel femaJes. 

Turke:r 24~L.~. ____ J n('t. ~3! lU311 1 ITon. :22, IU3; '11 ! );one.

Cb!c~en !mL_______ ~ Apr. 'i,1937 1~ray 2!. 19!i~ H I ~I'IUY mature males and fem3les. 

ChIcken ,13••.••.•• i._ .•.do ..••••• ' June ,.193. til , Fe\'\o OliHUTP worD1S. 

Chicken 4Ig•••••••••••• .rlo ••..•• j ~Iny 4.1937 I ~7 1 :\fany mature worms. 

Chicken 277•.••.•• _' Oct. 20,1936 , Del. 13,193f. .~ I Xone. 


H, Do.fg:~~~~ it~==::::::· :::::~~::: ::::' :::::~~: :::::: 
Chicken 1l93•.••...••••••do._ •.•..••••.rlo. ~1: i~~: 

I Bird died on this date. 

The negatiYefindings for the one turkey and the four chickens in 
the experinlental pen in October 1936 are attributed to failure of the 
eggs passed in the droppings of the infested pigeons to become infective. 
This assumption seems plausible because of the prevailing low tem­
peratures n,t the time of the year thnt the birds in question were 
exposed to infestation. 



4 

16 TECHNICAL BULLETIN 679, U. S. DEPT. OF AGRICULTURE 

SYMPTOMS OF INFESTATION 

Birds heavily infested with Oapillaria, columbae show definite 
symptoms of emaciation, listlessness, and diarrhea. They spend much 
of their time huddled on the ground tmderneath the roosts or in some 
corner of the room away from the rest of the birds. The head is drawn 
back close to the body and the eyes are usually closed. The feathers 
appear ruffied and soiled around the vent, and the skin and visible 
mucous membranes a·re more or less pale. Food and water are partaken 
of sparingly. Death usua.lly occurs as a result of heavy infestation. 

Levine (8) stated that the first clinical symptoms of O. columbae 
infection in chickens were noticeable on the twelfth day after the 
feeding of embryonated eggs. At this time much pinkish material 
composed of mucus, necrosed epithelial cens, and numerous erythro~ 
cytes, granulocytes, and lymphocytes were noticed in the feces of the 
infected birds. During the next 4 days the feces of the birds were 
fluid owing to an increase in the quantities of epithelium and inflam~ 
matory exudate that was being eliminated from the intestinal tract. 
During the following 2 weeks, however, most of the birds regained 
their normal appearnnce and the feces became normul. A number of 
the birds, however, lost weight steadily, became extremely emaciated, 
and either died or were destroyed. 

GROSS PATHOLOGY 

Eber (2) and Schlegel (.lS) have observed thftt an intensive intes­
tinal inflammatory condition developed as a result of a heavy infesta­
tion with Oapillaria columbae. Furthermore, Eber (2) reported that 
the entire intestinal mucosa wns s\vollen and destroyed and that, in 
severe cases, masses of sloughed mucosa sometimes so completely 
blocked the lumen of the large intestine that large quantities of fluid 
were retained in the poster.or part of the small intestine. 

Levine (8) reported that the intestines of chickens hell.vily infested 
wi.th O. cOl1tmbae showed a modera te thickening of the mucosa, which 
·contained "reddish areas varying from pinhead hemorrhagic spots to 
diffuse hyperemia of large portions of the mucosa." In some cases, he 
reported that the intestmal mucosa was covered with much catarrhal 
exudate which ranged in color from "opaque white to translucent 
sn.lmon color." He stated that the intestines of some infected birds 
showed no changes in spite of the fact that as many as 1,500 to 5,000 
worms were found in each. 

As observed by the writer, pigeons naturally infested with O. 
columbae under laboratory conditions showed, on pos~mortem 
examination, infestations Yflrying from a few to hundreds of worms 
ellch. The largest number of worms removed from the small intestine 
of a single pigeon raised under these conditions was approximately 
1,500. Usually only iI. few worms were found in the small intestines 
·of fatal Cfl.ses and most of the worms in such instances were males. 
Following is an explanation of this occurrence. 

In fntal and in BCYCre ndYllnccd cllses of infestation the intestines 
showed extensive destruction of the mucosa, frequently with com­
plete sloughing of the mucous membrane. It is assumed tha.t these 
birds had been heavily infested with capillarids earlier and tha.t the 
attachment of the worms t.o the intestinul wall c!1u'ied necrosis of the 
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tissue immediately surrounding them to such an extent that both 
parasites and necrotic tissue w~re sloughed off into the lumen of the 
mtestine. The intestines contained a large quantity of fluid. 

The nonfatal experimental cases did not show a marked destruction 
of the intestinal mucosa. However, there was considerable thickening 
of the walls of the intestines owing to edematous infiltration. 

The intestines of uninfected pigeons showed no evidence of thicken­
ing of the walls or destruction of the mucosa. The intestinal contents 
were never so fluid as in the fatal Cllses. 

SUGGESTED CONTROL MEASURES 

The practice of rearing different species of poultry separately is 
recommended, since experimental data show tha t chickens and 
turkeys, as well as pigeons, are susceptible to infestation with Capil­
laria columbae. 

Studies on the viability of the eggs under different environmental 
conditions indicate that drying is fatal to them. Consequently, 
pigeon lofts should be loca ted on well-drained soil and the rllns exposed 
to direct sunligM and kept free from vegetation or debris that might 
provide shade or moisture. The feed should be placed in sanitary 
troughs, and water pools should not be allowed to form around the 
drinking troughs. 

The ndoption of a program of strict sanitation is strongly urged as a 
control measure for this parasite. Since the experimental data show 
that freshly passed e~gs require from 6 to 10 days to become infective, 
under favorable conditions of temperature and moisture, the houses 
and pens should be thoroughly cleaned and all litter removed at least 
once a week during the summer months. 

In case of an ou'tbreak, the houses and adjacent grounds should be 
cleaned thoroughly and disinfected with hot water or hot water and 
lye mixed in the proportion of 1 pound of commercial lye containing 
94 percent of sodium hydroxide to 5% gallons of WIl.ter. This solution 
is also effective in destroying coccidia as well as the eggs and larvae of 
other poultry parasites. 

SUM.~IARY AND CONCLUSIONS 

In view of the increasing importance of pigeon raising in the United 
States and the fnct that little information was available regarding the 
biology of Capillaria, columbae and its effects on the pigeon, an experi­
mental study of the life history of this pamsite was undertaken. 

Eggs of 6. columbae were found to develop to the infective stage 
within 6 to 8 clays when kept at room tempemture. 

CuJtures of nonembryonnted and embryonated eggs of C. columbae 
suspended in a small quantity of water, were fOUlld to be very resi~tant 
to low temperatures. Nonembryonll.ted eggs were found to be nable 
and to complete embryoTIation after an exposure of 35 days to a 
temperature of _.1.60 to -9.40 C. when subsequently e).-posed to room 
temperature. Embryonated eggs were found to be infective to pigeons 
after an e).llosure of ]4 days to a temperature of -6.70 to. -~2.2°. 
Drying for 24 llOurs at room temprl'nture destroyed the vItahty of 
partly embryonated eggs. 

Morphologicnlly, tlip Hrst-stage 11l.I'm is chll,l'ucterized by having a 
recognizable stylet and a, cell body consisting of two rows of opposing 
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cells. A recognizable stylet is absent in all sllcceeding stages, and the 
cell body consists of only a single rO",T of cells. The esophagus, in all 
stages, assumes a position superficial to the cell body and possesses .. 
two swellings anterior to the cell body. The relative lengths of the 
esophagus and the intestine yary with the stage of development. In 
the first-stage, the esophagus is three to four times as long as the intes­
tine, whereas in the adult the two regions are approximately equal in 
length. 

The life history of C. columbae was shown to be of the direct type. 
The unhatched embryo has not been observed to molt within the egg. 
The first-stage larva.molt« and becomes a second-stage larva early in 
the second week of lIlfectlOn. The second-stage larva completes its 
development and molts to the third stage before the fourteenth day 
after infection. The tmnsition from the third to the fourth stage 
occurs between the second and third weeks of infection, and mature 
worms may be recovered from the small intestines of experimentally 
infected birds as early as 19 da,ys after infection. Eggs have been 
found in the feces of the birds 26 days after infection. 

In experimental studies, pigeons necropsied 7 months after infection 
were still infested with O. columbae. 

All stages of the worm penetrate more or less deeply in the intes­
tinal mucosa, the larvae being found somewhat deeper than the 
adults. Necropsies of many birds have shown that most of the worms 
usually occur in the middle portion of the small intestine. 

Heavily infested birds showed symptoms of emaciation, diarrhea, 
and listlessness; food and water were consumed sparingly; and death 
was usually the termination of severe infestations. For several days 
prior to death, infested birds spent considel'llhle. time in a huddlell 
position on the ground. The fea ther:; were ruffled and those around 
the vent were usually soiled with frcal material. 

As obsel'Yed by 'the writer, pigeons nlltumlly infested with C. 
columbae showed, on post-mortem eXllmination, extensi,e destruction 
of the mucosa, frequently with complete sloughing of the mucous 
membrnne. The intestines contllined larf!:<' qnnntities of fluid. 

('ontrol of this pllmsite should be directed towilrd prevention by 
thorough sanitation and selection of well-dmined areas for permanent 
lofts. 

Chickens, turkeys, and pigeons shoul(1 he raised separately, Slllce 
all'three types of birds are sllsceptible to C. columbae infection. 
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