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During 1935, a quantitative stndy was made of the worm in-
festations of 48 equines owned by the Panama Canal Department of
the T, 5. Army (3). One of the most interesting phases of that study,
but upon which only a brief comment was made (p. 507), was the indi-
cation of an “‘age resistance’’ of equines against Strongylid parasites.
Auadditional study has recently been completed in which the num-
ber of equines from the same source and studied in the same manner
has been increased to 86 (4). T is Felt that this significant inerease
in the dala establishes definitely that there is a relationship between
age of host and number of Strongyvlid parasites, and permits of many
specific interpretations of considerable interest.

The eombined figures for the recovery of 34 species of Slrongylidas
from hosts of different ages are given in iable 1 and graph 1. These
data have been analyzed without regard to kind of host (horse or
mule) sinee, as indicated in the first report (p. 507), this is not a
factor affecting the infestations gquantitatively. The smallest num-
ber of Strongvlid worms recovered from one animal was 28; the
largest, 4124 There was alse a considerable range in size of in-
featations for every age, yet the data show that the heavier infesta-
tions were harbored by the younger animals and that, in general, the
mean infestations for each age from 9 to 30 years (graph 1) declined
rather steadily with inereasing age,  Moveover, it has been caleulated
that, of the 59 animals, 15 vesrs of age and vounger, there were 30
which yielded morve worms than the average for the series (994);
while of the 27 in the colder group, there were only 4 which execeded
this number.  Also the average Infestation for the younger group
(1219} execeeded that for the series by over 20 per cent, while the

1 Helminthalogist to the Gorgas Memorial Laboratory, Panama, B P,

# The writer wishes to express his indebledness to Lt Col. O W, Greenlee,

vV, O, U3 AL, whose ep-operation made this stwly possible, and to Sr, Pedro
Oregiz O, who vendered valuable lechnical assistance.
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average for the older group (502) fell short of this by about 50 per
cent. It is unfortunate that the observations were confined to mature
animals, sinee it is probable that some degree of resistance is alveady
present at 9 years of age, and that younger animals of the same herd
wonld have havbored somewhal heavier infestations,

TaprLe 1.
An arvangement of the data from quantitative studies upon the worm burdens of 85 equines
{horses and anules) showing the relationship beliveen age of host and fiwmber of
Strongylid porasites (4 species),

Number |
Agie af Hange Total worms Greoup svornges
replaLnes

] 0 21340467 J T 1625
10 10 163-2825 11,030 1103 1352(19)*
11 12 =0 15,520 12494
12 & M—306E 6,103 743
13 12 1794124 17,454 1457
14 2 487-T54 1,271 G54
15 3 430-1725 5,268 078 1166400

120905
16 3 E-1650 3,342 1114
17 i) 41682 4,302 717
18 2 36-1115 1,451 T40
20 4 168-356 1,004 251 675(13)
) 1 R 450 43
3 1 — 28 28
24 -+ 4R350 Abd 141
25 ) H7-1072 2,273 455
S0 1 — 106 106 286(12)
2027
2| 254124 53,511 944

# Numbers in parentheses are the number of animals in the group.

[+ has seemed natural to guestion the extent to which thiz age
correlation was evidenced by the fauna of the separate regions of
the bowel,  An analvsis upen this point (table 2) has shown that the
older animals harborved fewer parasites and fewer different speeies
in each of the three rvegions (wiz, ceeum, ventral colon, and dorsal
eolon). The differences appear to have been of greater degres in
infestations of the eolon than in those of the cecum. For example,
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Irom animals 9 to 15 vears of are, there was recoverad from the veniral
colon an average of 676 Strongylid worms per animal: while those
animals over 15 years yielded an average of 276, This disparity
between the infestations of the two age groups was evident also in
the dorsal colon (averages 376 and 112}, Although the data upen
the fauna of the cecum lend support to these age differences, the
findings for this region are not so emphatic (averages 168 and 115,
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Grar 1. A rvepresentalion of the average number of Strongylid parasites
per animal for the ages 9 to 30 years.  The data are given in table I, A——u
= average level of infestations for 58 anbuals 15 years of age and under {1219
wirmng), B0 = maan level for the entire servies of 26 aniwals (094 worms),
- = average level for 27 animals over 15 years of age (302 worms),

respectively). It is probable that this cireumstanes is ceorrelated
with the ocewrrence in this region of Strongylus valgaris, o species
which was not only the commonest parasite of the eeeum, but was
unusual (as shown by data to be diseussed presently) in that it
acemrred as frequently and as abundantly in the older animals as in
the younger,

The oceurrence of the individual species in hosts 15 years of age
and younger, and in hosts over 15 years, has been summarized in
table 3. These age groups ave arbitrary, and for this reason it is



Tapre 2.

A swmmary of comparafive dafa wpon fhe guantitative and qualifafive diforences in
the Strengnlid fauna from each of e thres regions of the large bewel, dn aeeordance with
b arbifrary age divdzions of the equine bosfs, Doto apen andmale § de 15 years are
based wpon G aulopstes, and wpon 16 (o 30, 27, Nole thal in each inslance the fgures
are lower for the older ape growp.

e graup Tinnge Tatal | Avprngne
Mumber of Strongylid parasites of cecan S A
i F 11665 4,020 168
oo R S e (=301 3,009 115
(668 13,014 | 151
Number t_:F diflerent Strongvlil zpecics of eeewm
Sl e R s 1-10 — 43
IE-30. . o veeinnnn (-5 _— 4
N-10 19 &
Parasites of ventral colon
BT B i 8-3765 30,871 ' BTH
I Ry 0-1240 7431 276
¥ N-3765 47,302 I B
e Epecies of ventral eolon e
9-14. . 2-16 — 11
1630 0-15 —_— 10
0-16 L 11
Parasites of dorsal colon _
[ e e 4-2003 i 23,156 ATh
1630 .. ... 0550 3,034 112
(2003 , 25,160 ' 203
Species of dorsal eolon
(115 R eyt et 2-19 _ A
I s ok Sy 0-13 —_ 4
| 0=1%: . | Rl i
: Tatal Strongvlicl parasites
T 254124 71,947 1219
I T e e 25-1652 13,564 S0Z
25-4124 B5,511 '994_ g
Total Strongylid species
B=10 e e fi-24 | — 16
16=30. ..o 1-19 | —— 13
1-24 | 34 1
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Tante 3

A sumnary of eomparative dots wpon the scenrrence of the several Sirongylid spocies
oo b arliifary e proaps of the koets, and for the enfive series.

ore bosed wpon 58 animals, ond on agez 18 Lo 30 wpon 27,

The dale on ages 8o 15

Note that in every onge, excend

that of 5. vulgariz, the fncidencs, range, and level of fnfestalion are lower dn the older

248 Al

Bpecics

Strongylus aqudnus

8. edenbalig

A, vulgaris

Privelontophores minor

Caathastomum coronaium

(7. lubiotwm

O, tabrafusn

Cylicorercus calingius

Agre prroup ]Eﬁffﬂh Ttange Tatal Avernoe
ey cent

G-15 HG (23 U3 I
1630 Gl 021 A5 3
=0 -85 G7TE 8
9-15 79 0-54 499 e
16-30 it 0-7 50 2
i 054 58 i
O-15 100 3476 3137 a7
146-30 160 1-23% 2,286 Ba
100 1476 7423 B0
=15 53 0-7a BEY 15
16—34) T4 =38 1497 (]
80 0-73 1,084 12
8-15 i) 0337 2,875 45
1630 T8 0-204 G 20
& O-337 3, 068 41
015 fid 0-273 1,530 24
16-30 al -1 193 7
£l 0278 1,723 2n
G-15 BT 0126 1oLt 17
1630 L4 0—42 263 ]
fity 0-126 1,273 14
&-15 a1 =417 4,816 H1
16-30 HA 0-234 915 ad
o0 | oer | 57 | 66
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Tanne 3—Condinied,

el Ape group { :II'E?'LEE:E Range 1 Todal ANVCThg
_j':ll"'.l' comt i
7, goldi 9-15 bl =230 2470 41
1630 B -4 450 17
B 0-230 2,950 'I H
£ poteraius 9-13 67 n-171 1,426 23
| 1630 59 0-28 156G f
Ga -171 1,0la 17
Calicostephanus eoltoalus 0-1a Bh 0-926 0,216 LR
1630 i 0512 2376 35
S 0-926 | 11,502 135
{7, minufus B-15 i [1-8h6 4,654 k!
| 16-30 7w | 0472 1,456 54
| =3
' 84 0866 6,140 72
. Lomgriliursndies 9-15 a6 0-1370 13,283 225
16-30 24 0-353 1,946 72
o4 0-1370 | 15,220 177
Cylivocyelus noseaius 0-15 ] 01710 16,791 285
1630 =1 0-345 1,979 T3
a7 O-1710 18,770 213
. dnsigme 9-15 Th 0-1961 a,E61 ¥
16-30 45 (-1 271 10
| G7 (-1061 6,137 71
19 “rarer’’ species =15 — - i it 16
16-30 —- = 172 £
1,137 15
All 34 zpecies 0-15 100 | 36~4124 71,947 I 121%
1630 100 28-16R2 13,504 a2
100 23-4124 #5411 004
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regretted that more extensive data canmot be given® Yet these
analyses have demonstrated a specific age resislance against each of
the commoner species (exeept, it has seemed, 8. vulgaris) and have
furnished, by veason of their uniformity, an unguestionable sie-
nificance to the data which have been given above upon the Strongylid
species as a group.  In the second place, these data have suggested an
important factor in the biclogy of & wwlgaris. To evaluate these
interpretations, one may consider, for example, the cccurrence of the
four commonest species.  From the 59 animals, 15 yvears of age and
under, there was recoverad an average of 285 specimens of (. nassatus
per animal, while this average for the older group was omly 73
Similavly, €. longibursatus m‘emged 225 and 72, respectively, for
these ame groups. . enlicatus averared 156 specimens for each of
the younger animals, and 88 for the older ones. Tor 7. menutus the
figures were 7% and 54.  Tor each of these species, therefore, the data
have demonstrated lighter infestations in the older animals. In
comtrast, there is no evidenee thal infestations with 8. vulgaris varied
greatly with the age of the host. Thiz unusual result, partienlarly
in the instance of what we have considered o be the most important
parasite of the horse, made it imperative to analyvze these findings
from every significant angle. There were recovered 7423 specimens
of this species from the 86 animals of this series, which, in turn, gives
an average of 86 worms per animal, Every animal harbored this
species and the range in infestations from 1 to 476 worms per animal,
in view of the average fisure, is not particularly wide. This latter
interpretation is supported by the similar data given on the other
species, which in most cases show wider ranges. The average in-
festation with this speeies In fhe 59 youneer animals was 87 in the
27 older ones, 85. There were 35, or 41 per cent, of the 85 animals
Irom which were reeovered more specimens than the average. In
this category were 42 per cent of those 15 years of age and under,
and 37 per cent of those over 15 years. DMoreover, a study of the
aecnrrence of & vulgaris in the several animals has revealed no
abnormally contribuling infestations of conseguence,

It has seemed, then, thal these data are sufficient to warrant the
interpretation that, in general, the animals over 15 years of age had
a marked degree of protection against severe strongylidosis; and that
this proteetion was separalely manifested againgt esch of the com-

A The evident impreeticability of publishing these data in full lias prompted
the: author to indieate his veadiness to eooperate with anyone interested in further
or more detailed analyses.
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moner Strongylid species, except 8. velgeris, a specles to which the
older animals appeared to be aboul as susceptible as the younger
ones.  Beeanse this latter species is, in its adult stage, a blood-sueking
parasite and, in itz larval stage, the eause of arteritis and aneurysms,
it has been felt that this point deserved some emphasis,

The data upon the oeenrvence of the extra-strongylid species have
been summarized in table 4. It may be noted that there was no
siemificant difference hetween the average infestations of the vounger
{62 4} and older animals (57 <), This analysis ineludes data upon
10 species, which males it necessary to emphasize that certain common
forms of native eguines of Panama, particularly Pavascaris eguorin
and Qryuriz equé, were rare among this series. Our observations

TanLe 4.

A arrangerent aoeording o arbilrory age groups of e dafo on e exfra-Strongylidace
(10 species),  dn fhese onses, the stomaelh worms wore by for the wos abundanl,

Mumber
Ape ”.[ Range Total warma Averapes
eruzes
Sand 10.......| 19 2+ to 530 1394+ | 73+
15 25 S a0 1 to 217 17864+ 474 520
=207 e o 15 [ 1 o523 1047 - T0-
1 EEy 12 4+ {0 LB 516 434 57427
S |+ to 550 1743+ 554

upon these two speeies have led o the opinion that both are ehar-
aclerislie parasites of younger equines. The heaviest infestations
with P, eguorim have been eneountered in hosts under a year old.
OF the extra-Strongylidae among the present sevies of animals, those
most important quantitatively were the stomach worms, Habronema
mascae and H, microsioma, These species alone contributed nearly
80 per cent of the extra-Strongylid fauna. The data of table 4,
therefore, must be interpreted as indicating mainly that no demon-
strable relationship was observed between age of host and stomaseh-
worm infestation.

Finally, a guesziion of interest is the natore of the resistanee which
has been demonstrated. In many respeets, the findings suggest the
pperation of a self-cure’ like that which Stell (5) deseribed Lo ex-
plain the immunity of sheep to Hoemonchus infestation. There is
acaingl this inlerpretation the absence of positive proof that this
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resistance was elicited by the worms (e, acquirved). On the other
hand, there is no information upon the susceptibility or resistance
of old equines where previous infeetion is not a possible factor.
Wlhen it 15 eonsidered, however, that probably every equing becomes
parasitized by Strongylid worms at a very early age, that, with few
exceptions, some parasites are present throughout the life of the
host, and that the eonditions are those of eomstant reinfection, it
beeomes apparent that the immunity, in this case, develops very
slowly and appears to parallel the inereasing age of the host. It is
clear, of course, that this resistanee iz not caused by age per se, and
it ix not believed that the respengible factors must be always asso.
ciated with age. This admission is similarly applicable to the ex-
perimental demonstrations by others of the operation of age resistance
in other host-parasite combinations.  Alse, some evidence has already
been presented (1, 2) which suggests that this kind of resistance 1s
assoclated to some extent, in the instanee of hookworm infection of
dors, with the well-being of the host, with its diet and hemoglobin
level, and with the degree of physiological compensation for the in-
Juries by the parasites.

The above considerations, however, do not preclnde the possibility
that the resistance demonstrated in this study was the result of long-
eontinued exposure to infection, and eertainly this was a complieating
factor; vet the absence of evidence thal thiz was the ease, has sug-
wested that this phenomenon should, conservatively, be termed an
““age resistance.’’

Tt may be added thal an age resistance has been observed, al-
though not quantitatively demonstrated, among native animals, where
the levels of infestation at all ages are mueh higher than in the ani-
mals covered in this report, There is little doubt that these differ-
ences are attributable to differences of exposure. It is believed
therefore, that the ace resistance ol equines against Blrongylid para-
sites iz probably comparable to the experimental findings in the in-
stances of other host-parasite combinations, wherein the percentages
of development of the parasite, vather than the absolute degrees of
infestation, fall off with ncreasing age of the host,

HUMMARY.

Quantitative studies of the worm burdens of 86 equines, varying
in age from 9 to 30 years, have demonstrated that the animals from
9 to 15 vears old were more than twice as heavily infested, on the
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average, wilh Strongvlid parasites than were those over 15 years.
Trom 59 animals, 15 years and under, there was recovered an aver-
age of 1219 worms per animal as compared to an average of 502
wormng front 27 animals over 15 years. This was interpreted as an
ame pesistanee of equines arainst Strongylid parvasites, and was dem-
onstrated guantitatively for the commoner individual species. In
the instance of 8. vulgaris, however, the data afforded no evidenes
of inereased protection in the older animals, This was considered
gignificant in view of the importance of the parasite. In addition,
it was eoncluded that in ihe data of the present studies there was no
evidence of an age resistance of equines against stomach wortns,
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