Potential Helminth Infections in Humans

From Pet or Laboratory Mice and Hamsters
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T HAS LONG BEEN recognized that wild

rodents are hosts to internal and external
parasites which are dangerous to human health.
In the United States continuing abatement pro-
grams usually control wild rats and mice in and
around human habitations. However, little at-
tention has been given to the possibility of
acquiring parasitic infections from rodents ob-
tained from commercial sources. It appears
that many people who fear proximity to wild
mice or rats feel safe with pet mice or hamsters.

The number of people exposed to these ani-
mals is tremendous. For example, in 1961 ap-
proximately 25 million mice (Mus musculus)
were used in laboratories in the United States.
The number of this species being kept as pets is
unknown (7). However, they are readily avail-
able in pet shops and department stores, and the
sales clerks said they sold “quite a few.” In
each year of the 1960’s an average of 6 million
golden hamsters (Mesocricetus auratus) were
sold in the United States, and approximately
36 million are in laboratories and homes
throughout the world (2).

Hymenolepis nana (dwarf tapeworm) and
Hymenolepis diminuta (rat tapeworm) are
significant when found in laboratory and pet
rodents because both infect man. In 1947 Stoll
listed H. nana as infecting 100,000 persons in
North America and 20 million in the world (3).
H. nana, the smallest tapeworm found in man,
ranges from 7 to 100 mm. long. As many as
7,360 H. nana have been found in a single child
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(4). There may be no symptoms in those lightly
parasitized, but in heavier infections, headaches,
abdominal distress, diarrhea, nervousness, anal
itching, anorexia, and even epileptiform con-
vulsions can occur (4, 6). In contrast to H.
nana, H. diminuta is a rare parasite of man, and
its eggs are infective only to arthropods which
must be ingested by the definitive host.

In addition, two rodent pinworms have been
recovered from man. Syphacia obvelata worms
and eggs were found in the stool of a child who
was a member of a family of five in which all
were infected with H. nana (7). Syphacia
muris eggs were found in the feces of two chil-
dren and two rhesus monkeys, according to a
personal letter from Dr. E. C. Faust of Tulane
University, dated January 6,1965. These cases
may have been spurious parasitism, but there
is no proof.

Methods

Albino mice were bought from 12 commercial
suppliers of laboratory animals, and hamsters
were purchased from 4—the majority of which
are well-known companies. In addition, mice
were bought from 14 pet shops and department
stores and hamsters from 6. Mice and hamsters
from the Syracuse University zoology animal
room which had been born or kept for an ex-
tended period at the university for use in re-
search were also studied. A total of 260 mice
and 85 hamsters were examined.

To prevent their acquiring infection from
Syracuse University animals, all hamsters and
mice purchased for this study were killed in an
ether chamber immediately after arrival. The
intestine was removed in one piece and opened
its entire length. The whole intestine of each
mouse was placed in a single petri dish contain-
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ing 8 ml. of 0.9 percent sodium chloride solu-
tion. The small intestine, cecum, and large
intestine of hamsters were separated and placed
in individual petri dishes containing 8 ml. of
0.9 percent sodium chloride solution. Fecal
material was scraped from the intestine and
broken up to release the parasites. To detect
protozoan parasites, samples of media from
the petri dishes were placed on slides and exam-
ined under a compound microscope. The petri

dishes then remained at room temperature for
2 hours to permit the tapeworms to separate
from the intestine. The worms were counted
under a dissecting microscope and manipulated
with a watchmaker’s forceps.

Results

Observations during the survey of helminths
in mice and hamsters are summarized in tables
1 and 2. Seven of 12 purveyors of laboratory

Table 1. Intestinal helminths in mice obtained October 6, 1963-November 30, 1964
Hymenolepis nana Syphacia obvelata Aspiculuris tetraptera
Num-
ber g g g
Source and location in 5 8 8
sam- | B B B L8| B & .3 B ’
ple |88|4%8 S (BB 18 988|418 &,
2 29 ) < |2 =] [ 3|2 =] [ -]
sE|25| 2 |BE|Es|E| B |BE[EE|BE| 2 |EE
Z | & B |< |z |~ mo|< |z |& & |<
Commercial dealers:
Baltimore, Md.___.___ 15| 3| 20} 12 ... 15| 100 | 3-104 |44 | O 0 |- ——-
Wayne, NJ__........ 15 0 0| __|oll 15100 1-76 |23 | 0| o0 |- - o
Altamont, N.Y_______ 15| 0 (1 PRI B 13| 8| 164 (11| O 0 |occoeen R
Germantown, N.Y____ 15| 0 [V (R S 0 (U0 P _--| 15| 100 | 2-98 28
Millerton, N.Y________ 15 2 13| 1-6  |.___- 15 | 100 5-72 33 0 {11 PR .
Syracuse, N. Y., A_____ 15| 14| 93| 1-14 614 93 1-26 9] 0 {11 I ———
Syracuse, N.Y., B_____ 15| 0 (L PRI B 9| 60| 9-86 (26| O [ P ————
Oshkosh, Wis.________ 15 3 20 | 2-46 19 | 15| 100 | 20-127 | 62 | 14 | 93 2-34 16
Southampton, Mass._ . 15| 7| 47| 1-17 6|10 67| 1-8 5 5| 33| 1-6 3
Chicago, Ill________.__ 15 1 716 6|15 | 100 4-156 | 42 | 13 87 6-47 18
Burlington, S.C_______ 15 8 53 | 1-92 20 | 15 | 100 7-98 38 0 {11 PR .
Bar Harbor, Maine..__ 15 0 {11 PR 9| 60| 4-21 11 0 {1 P -
Syracuse University
animal room___.________ 22| 5| 23| 3-22 12 7| 32| 39 10| 14| 64| 2-257 | 64
Total . _______ 202 | 43 | (1) |occceooo|oaoa- 152 | () |occeoooo RN ) A B € T S —e-
Pet shops:
Syracuse, N.Y., A_____ 6| 3| 50| 3-106 38| 0 0 |oocooo —---| 6100 | 7-22 14
Syracuse, N.Y., B.____ 3| 3100/ 7-15 11| 3100 [ 31-66 |47 | O| O |-coc—___ e
Syracuse, N.Y., C_____ 5 5| 100 | 7-696 154 0 0 |- —-—-| 5100 | 35-145 7
hite Plains, N.Y____ 4 3 75 | 7-27 18 2 50 6-8 4 | 100 | 19-86 59
New York, N.Y______ 5 3 60 [12-187 93 0 0 | ____ ——--| 5 100 | 54-297 | 210
Hartsdale, N.Y_______ 5 1 20 (3 3 0 0 |occoooo _.--| 4| 80| 27-216 | 132
Springfield, Mass______ 2 0 {11 R IS 2| 100 | 64-87 76 2 | 100 | 27-52 40
Madison, N.J._____.__ 2 1| 50 2| 2100 | 4-6 5| 0 L ———-
Summit, N.J_.________ 2 2| 100 | 2-12 7 2 | 100 | 39-54 47 0 0 |- -
Department stores:
Syracuse, N.Y., Al____ 7 7 | 100 | 2-267 60 7 | 100 | 11-47 23 7 | 100 | 12-118 37
Syracuse, N.Y., A2____ 51 0 {12 PR E 51100 6-34 |17 | O 0 |- ___ ———-
Syracuse, N.Y., B.____ 2| 2100 | 2-7 5( 0 (| PR ] 0 0 |oeeee- —-
Syracuse, N.Y., A3____ 3 3 | 100 {37-1,304 | 467 3 | 100 | 62-123 | 90 3| 100 | 18-68 44
Springfield, Mass______ 21 0 {12 R 2100|1832 (25| O (| P, .
Grade school classroom._ ___ 2| 21100 | 3-7 5( 0 (| P ——-a] O 0 _______ R
New York State Exposi-
tion_ _ . ___ 3 3| 100 | 8-22 16 3| 100 | 35-64 45 0 0 |- —e-
Total oo ____ 58 | 38 | () focmmoeoi|ocooo 31| (® |occoeea- BN B 1 T N ) I P S,

1 Total percent of mice from commercial dealers and Syracuse University animal room infected with Hymen-
olepis nana, 21; Syphacia obvelata, 72; Aspiculuris tetraptera, 30.
2 Total percent of mice from pet shops, department stores, classroom, and exposition infected with Hymenolepis

nana, 66; Syphacia obvelata, 53; Aspiculuris tetraptera, 62.
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Table 2. Intestinal helminths in hamsters obtained September 22, 1964~June 18, 1965

Hymenolepis nana Syphacia obvelata
Num-
Source and location ber in
sample | Num- | Percent Average| Num- | Percent Average
ber infected | Range | worm ber infected | Range | worm
infected load |infected load
Commercial dealers:
Oshkosh, Wis_._______ 12 0 (120 P I 4 33| 3-8 5
Chicago, Il__________ 12 5 42 | 2-82 38 12 100 | 6-64 18
Newark, Del _________ 12 0 [0 P B 9 67 | 2-74 25
Gloucester, Mass_____ 12 0 {4 P R, 11 92 | 3-84 21
Syracuse University
animal room____________ 10 0 [ P P 0 (020 PRI R
Total . _________ 58 5 (O N N R, 36 (O J P E
Pet shops:
Olean, N.Y__________ 2 0 (1 IR R, 2 100 | 18-64 41
Syracuse, N.Y., A_____ 5 4 80 1-27 10 5 100 | 92-261 146
Syracuse, N.Y., B_____ 5 0 [ P (R, 1 20 9 9
Syracuse, N.Y., C_____ 5 0 [V P [, 5 100 | 5-18 10
Department stores:
Syracuse, N.Y., A_____ 5 5 100 | 44-833 387 5 100 | 22-89 53
Syracuse, N.Y.,, B._.__ 5 3 60 | 6-34 17 3 60 | 59 7
Total .. ______ 27 12 (€ P 21 () J P S

1 Total percent of hamsters from commercial dealers and Syracuse University animal room infected with

Hymenolepis nana, 9; Syphacia obvelata, 62.

2 Total percent of hamsters from pet shops and department stores infected with Hymenolepis nana, 44;

Syphacia obvelata, 78.

mice shipped animals with H. nana (fig. 1), and
these mice plus those from the Syracuse Univer-
sity animal room had an overall infection rate
of 21 percent. Twelve of 14 vendors of pets
were selling mice with H. nana, and these ani-
mals had an infection rate of 66 percent. Forty-
four percent of the hamsters sold for pets and
9 percent of those from wholesalers and from
the animal room were parasitized with H. nana.

S. obvelata infected 75 percent of the mice
and 60 percent of the hamsters sold for research.
It also parasitized 53 percent of the mice and
78 percent of the hamsters sold for pets. This
was expected because the life cycle of S. obvelata
(fig. 1) is like that of E'nterobius vermicularis
(fig. 1), the human pinworm, which makes it
extremely difficult to eliminate.

Hamsters in pet shops usually were displayed
in cages close to mice. Consequently, eggs from
H.nana,S. obvelata, and other infectious agents
might be spread easily by an attendant, ar-
thropods, or dust particles.

Another mouse pinworm, Aspiculuris tetrap-
tera (fig. 1), was much more common in mice
sold for pets and more numerous in the animals
it parasitized. Although A. tetraptera is not
known to infect man, its presence is a gauge of
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the hygienic conditions under which the animals
were raised. This is so, since to be infective,
eggs of A. tetraptera (fig. 1) require several
days development outside the host, and those
incubated for 7 days at 27° C. reach maximum
infectivity (8, 9). Good environmental sanita-
tion, including frequent cleaning of cages,
would limit A. tetraptera infections. A para-
sitization rate of 62 percent of pet shop and
department store mice reflects the overcrowded,
dirty cages—frequently with open water and
food containers—observed in most establish-
ments.

A. tetraptera was not found in hamsters in
this study, and apparently is not infective to
this species. In other research using A. Ze-
traptera eggs, we failed to infect 20 hamsters
although the mice serving as controls became
heavily infested.

None of the mice or hamsters in this study
had H. diminuta (fig. 1) or 8. muris (fig. 1).
However, H. diminuta has been found in ham-
sters from a commercial source in the Los
Angeles area (10). 8. muris, the common pin-
worm of laboratory rats, has been observed in
100 percent of 14 rats from the Syracuse Uni-
versity animal room. Occasionally mice are
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infected (77). The eggs of S. muris are so
similar to those of Z. wermicularis that it is
possible that S. muris in people have been
erroneously called £. vermicularis.

Protozoan parasites in the intestines of ham-
sters and mice were very common. For exam-
ple, Trichomonas muris was found in 73
percent, Hexamita muris in 83 percent, and
Giardia muris in 58 percent of the 202 mice
from commercial dealers and the Syracuse Uni-
versity animal room. The hamsters showed
similar parasitization rates with the same orga-
nisms. Although none of these flagellates is
known to infect man, they indicate the condi-
tions under which laboratory rodents are raised
because these parasites are transmitted by
coprophagy.

Discussion

Although H. nanae found in rodents and in
man appear morphologically identical, some
investigators think they may be physiologically
distinct. However, Grassi infected one child
from a group of four adults and two children
fed eggs derived from a rodent (72). In two
other investigations several children fed eggs
from worms parasitizing rats were infected
with H. nana. (13,14).

Saeki infected a child, rats, mice, and a mon-
key by feeding them H. nana eggs from a
human source but failed to infect himself (15).
Uchimura infected rats with eggs from human
and rodent sources and concluded worms from
rodents and those from people were identical
(16). Woodland infected 7 of 30 adult mice
with H. nana eggs from a child’s stool (17).
Tsuchiya and Rohlfing infected 2 of 6 healthy
rats with H. nana eggs from children, and then
infected 5 of 10 rats with eggs taken from the
2 infected rats (18).

Knowing the unhygienic habits of rats, mice,
hamsters, and some people, particularly chil-
dren, it is easy to understand how rodent-to-
man and man-to-rodent transmission of para-
sites can occur. Because mice and hamsters are
pets in many homes, there is probable oppor-
tunity for cross-infections—particularly with
children.

Epidemiologic studies provide indirect evi-
dence of the importance of rodents in the trans-
mission of H. nana. In 1910 Schloss found 14
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of 230 New York City children parasitized by
H. nana. The homes of the infected children:
were infested with rats and mice, and a rat
from the home of one was found infected. In
India, Chandler observed an inverse correlation
between the incidence of H. nana infections and
those of 7'richuris and Ascaris which depend on
human fecal contamination for transmission
(20). The areas with the highest infection
rates of H. nana were also the regions where
H. diminuta and the plague—both definitely
rodent-borne—were most prevalent. Neghme
and Silva believed the high incidence of H. nana
in Chile was caused by poor sanitation, over-
crowding, and heavy infestations of rats (27).

Although the eggs of H. nana are directly
infective to both man and rodents, the parasite
can be transmitted through a number of inter-
mediate hosts. These hosts include a variety
of fleas, and flour beetles (Tenebrionidae).
When the infection of the definitive host origi-
nates from eggs, the hexacanth larvae invade
the villi of the upper small intestine and form
cysticercoids. In 4 to 5 days young worms
leave the villi and pass farther down the small
intestine where they attach by their scolices.
The cysticercoids’ development in the villi is
highly immunogenic, and later challenging
doses of eggs are almost completely rejected.
However, cysticercoids from flour beetles are
not immunogenic in mice without autoreinfec-
tion because the initial larval development in
the villi is bypassed. One cysticercoid fed to
a nonimmune mouse can engender 1,500 to 2,000
adult worms. Heavy H. nana infections in
man are thought to be caused by the ingestion
of infected flour beetles followed by autore-
infection (22, 23).

The tenebrionids become infected by feeding
on foods such as dried fruits, flour, or cereals
that have been contaminated with rodent feces.
A member of one of the smaller species of flour
beetles (fig. 2) could pass unnoticed in a bowl
of cereal, and these insects are frequent invad-
ers of pantries. Read easily infected himself
with cysticercoids from mice (24).

A pet mouse or hamster enjoying the freedom
of a home—at its master’s choice or not—could
defecate in a place inhabited by an intermediate
host of H. nana. We have seen pet hamsters
and mice kept on kitchen tables, and on one oc-
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Figure 1.

casion we observed more than 50 mice caged in
a kitchen. Under such circumstances contami-
nation of food with eggs and the availability
of rodent feces for intermediate hosts seems
almost inevitable.

Mice approximately 214 months old are most
susceptible to experimental infections with
H. nana; those over 5 months of age have
greater resistance (25, 26). Children are more
frequently parasitized by H. nana, perhaps
because of poorer hygiene, immunological in-
competence, or a more suitable intestinal envi-
ronment than adults (27). The seemingly
greater susceptibility of children as hosts for
H. nana is especially important because they
own most pet rodents, and mice and hamsters
are frequently kept in classrooms. By han-
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Eggs of helminths, 415x

A. Aspiculuris tetraptera B. Syphacia obvelata C. Hymenolepis nana D. Hymenolepis diminuta E.
Syphacia muris F. Enterobius vermicularis

dling these pets many school children might
easily be exposed to H. nana.

The general public probably is unaware of
any threat of helminth infections from pet ro-
dents. Inexpensive booklets on pet mouse and
hamster care, recently bought in places where
these animals are sold, did not mention this
possibility (2, 28, 29). One booklet (30) even
states “No one need worry about catching
disease from hamsters, as they have none of
their own!” It is little wonder that some
people may be careless about handling pet ro-
dents and where they keep these animals. A
physician hardly would suspect a rodent-de-
rived helminth infection in a patient living
under seemingly healthful conditions—even if
he knew the home had pet hamsters or mice.
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The high rate of parasitization of laboratory
rodents is important to researchers because the
helminths may act as variables, usually unsus-
pected, in experiments. This study shows the
improbability of getting worm-free mice or
hamsters for research, and the variation in
numbers and species of helminths that may be
present in animals from a single supplier.

Summary and Conclusions

Mice and hamsters available for pet and labo-
ratory animals were found heavily infected
with intestinal helminths and protozoa. The
most important is Hymenolepis nana, which
sometimes infects man. H. nana parasitized 21
percent of 202 mice obtained from commercial
laboratory dealers and the Syracuse University
zoology department animal room and 66 per-
cent of 58 mice sold as pets. Also infected with
H. nana were 9 percent of 58 hamsters obtained
from vendors to laboratories and 44 percent of
27 hamsters sold for pets. This parasite should
not be ignored because its customary hosts are
ubiquitous and many people are exposed to it.

The heavy parasitization of mice and ham-
sters from retail stores was consistent with the
unsanitary conditions under which many of
them were kept. It is obvious that sanitary
precautions in such places which would result
in the reduction of some of these parasites
should be put into practice. Vigilance should
be exercised in the relationship of pet rodents
and children, and further information sought
as to the importance to human health of H.
nanag infections in pet rodents.

Investigators may use parasitization rates as
a measure of the sanitary conditions under
which their animals were raised. In addition,
the heavy parasitization of laboratory mice and
hamsters is important to researchers because the
parasites may act as variables, usually un-
suspected, in experiments.
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