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Thermal Death
Point of

Baylisascaris 
procyonis Eggs 
To the Editor: In the past 20

years, Baylisascaris procyonis, the
common intestinal roundworm of rac-
coons, has increasingly been recog-
nized as a source of severe human
neurologic disease that particularly
affects children (1,2). Although human
baylisascariasis appears to be rare, the
devastating neurologic disease caused
by this infection and the lack of effec-
tive treatment make it a disease of
public health importance (3). 

Adult raccoons infected with B.
procyonis can shed millions of unem-
bryonated eggs in feces daily (4).
Once infective, eggs can remain
viable in the environment for years
and are resistant to most decontami-
nation methods (5). Given the severe
and untreatable nature of baylisascari-
asis, and the hardy nature of B. procy-
onis eggs, information on optimal
methods to inactivate B. procyonis
eggs is essential. To guide attempts at
environmental decontamination as
well as personal protection in the case
of accidental or intentional contami-
nation of drinking water supplies, we
attempted to determine the thermal
death point of B. procyonis eggs. 

Experiments were conducted in
which 150 µL each of embryonated
eggs, at a concentration of 100 eggs
per µL, were added to six 1-mL
polypropylene tubes of sterile water.
The 6 tubes were then added to a water
bath at 35°C and allowed to sit for 10
min to equilibrate. Then the tempera-
ture of the water bath was slowly
increased at a rate of ≈5°C per 7 min,
and 1 tube was removed at each 5°
increment from 37°C to 62°C. Eggs
were then examined by light
microscopy to determine whether the
larvae were still viable, as judged by
larval motility (Figure). The experi-
ment was repeated by using a more

objective assessment of viability
through examination of hatched lar-
vae. Inactivation was measured with a
viability dye (methylene blue) exclu-
sion method in which uptake of dye by
larvae indicates cell death and inacti-
vation. After the eggs were removed
from the heat, the mammilated layer
was removed through exposure to
undiluted chlorine beach and then
washed 5 times in 0.85% saline for 1
min at 600×g. Hatching was achieved
by the glass bead method (6,7).
Hatched larvae were then removed
and mixed 1:1 with a 1:10,000 dilution
of methylene blue. Viable larvae
remained motile and had an intact
cuticle that could not be penetrated by
the stain, whereas nonviable larvae
took up the methylene blue along the
cuticle and stained blue (8).

The experiment was repeated by
adding the heated water, in 5° incre-
ments between 37°C and 62°C,
directly into the tube containing the
eggs. The duration of exposure of the
eggs to the water was <1 min. The
eggs were then processed in the same
manner as previously described and
examined by light microscopy. All
experiments were replicated.

All larvae remained viable in
water up to 47°C; >75% of the larvae
were viable at 52°C and 57°C; com-
plete inactivation occurred at 62°C.
When the heated water was added
directly to the infectious eggs, all lar-

vae remained viable up to 42°C, and
most larvae were observed to be
viable at 47°C and 52°C; complete
inactivation occurred at 57°C.

These preliminary findings indi-
cate that B. procyonis eggs have a
thermal death point, <62°C, very sim-
ilar to the thermal death point of
Ascaris lumbricoides and A. suum (9).
Given the widespread prevalence of
B. procyonis in raccoons, the close
association of raccoons with human
populations, and the serious nature of
infection, identification of the thermal
death point of infectious B. procyonis
larvae has important implications.
Potential for human infection can be
mitigated by decontaminating areas
where B. procyonis eggs are known to
be found. Health authorities and para-
sitologists are routinely contacted by
citizens and organizations regarding
concerns about areas that have been
contaminated with raccoon feces,
including yards, pools, and homes.
Unfortunately, no comprehensive
studies have been published that
describe practical and effective meth-
ods for decontamination of areas
where B. procyonis eggs are present.
The recognition of complete inactiva-
tion of eggs at relatively low tempera-
tures will provides guidance in cir-
cumstances in which natural or inten-
tional contamination with B. procyo-
nis eggs requires disinfection efforts
and indicates that approaches well
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Figure. Hatched, stained, nonviable Baylisascaris procyonis larvae (magnification ×10).
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short of incineration or boiling will be
effective. Furthermore, these results
suggest that temperatures achievable
in point-of-use hot water heaters
(household units) can deactivate
infectious B. procyonis eggs, thus pro-
viding an option for maintaining safe
drinking water during a possible event
of bioterrorism or a “boil water advi-
sory.” However, further efforts are
needed to determine the effectiveness
of heat and other disinfection methods
on inactivation of eggs in natural cir-
cumstances such as in feces or con-
taminated play areas including soil.

Acknowledgments
We thank Lawrence Ash and Jon

Kibbie for their assistance.

This study was supported by grant
S3049 from the Associated Schools of
Public Health and the Centers for Disease
Control and Prevention as well as by the
UCLA Weisman Fund. 

Shira C. Shafir, * Wei Wang,* 
Frank J. Sorvillo,*† 

Matthew E. Wise,*,Laurel Moore,*
Teresa Sorvillo,* 

and Mark L. Eberhard‡ 
*UCLA School of Public Health, Los
Angeles, California, USA: †Los Angeles
County Department of Health Services, Los
Angeles, California, USA; and ‡Centers for
Disease Control and Prevention, Atlanta,
Georgia, USA

References

1. Sorvillo F, Ash LR, Berlin OG, Morse SA.
Baylisascaris procyonis: an emerging
helminthic zoonosis. Emerg Infect Dis.
2002;8:355–9. 

2. Shafir SC, Wise ME, Sorvillo FJ, Ash AR.
Central nervous system and eye manifes-
tations of infection with Baylisascaris
procyonis. Curr Infect Dis Rep.
2006;8:307–13. 

3. Wise ME, Sorvillo FJ, Shafir SC, Ash LR,
Berlin OG. Severe and fatal central nerv-
ous system disease in humans caused by
Baylisascaris procyonis, the common
roundworm of raccoons: a review of cur-
rent literature. Microbes Infect. 2005;7:
317–23. 

4. Snyder DE. Contaminative potential, egg
prevalence, and intensity of Baylisascaris
procyonis–infected raccoons (Procyon
lotor) from Illinois, with a comparison to
worm intensity. Proc Helminthiol Soc
Wash. 1987;54:141–5.

5. Kazacos, KR. Raccoon roundworms
(Baylisascaris procyonis): a cause of ani-
mal and human disease. Station Bulletin
No. 422. West Lafayette (IN): Purdue
University Agricultural Experiment
Station; 1983. p. 25.

6. Sheppard CH, Kazacos KR.
Susceptibility of Peromyscus leucopus
and Mus musculus to infection with
Baylisascaris procyonis. J Parasitol.
1997;83:1104–11. 

7. Urban JF Jr, Douvres FW. In vitro devel-
opment of Ascaris suum from third- to
fourth-stage larvae and detection of meta-
bolic antigens in multi-well culture sys-
tems. J Parasitol. 1981;67:800–6. 

8. Boyce WM, Branstetter BA, Kazacos KR.
Comparative analysis of larval excretory-
secretory antigens of Baylisascaris procy-
onis, Toxocara canis and Ascaris suum by
Western blotting and enzyme immunoas-
say. Int J Parasitol. 1988;18:109–13. 

9. Feachem R, Bradley DJ, Garelick H,
Mara DD. Ascaris and ascariasis, In:
Sanitation and disease: health aspects of
excreta and wastewater management.
World Bank: Washington: World Bank;
1983. p. 391. 

Address for correspondence: Shira C. Shafir,
UCLA School of Public Health, Department of
Epidemiology, Center for Health Sciences, Rm
41-275, 650 Charles E. Young Dr, Los Angeles,
CA 90024, USA. email: sshafir@ucla.edu

Questioning
Aerosol

Transmission of
Influenza 

To the Editor: We have
reviewed the literature cited in
Tellier’s Review of Aerosol
Transmission of Influenza A Virus (1)
and disagree that it supports the con-
clusions drawn regarding the impor-
tance of aerosols in natural influenza
infection. In certain cited studies,

researchers recovered viable virus
from artificially generated aerosols;
this is not evidence that aerosol trans-
mission leads to natural human infec-
tion (2,3). By standard definitions,
the rarity of long-range infections
supports the conclusion that effective
aerosol transmission is absent in the
natural state (4) (www.cdc.gov/
ncidod/dhqp/gl_isolation_hicpac.
html). The superior efficacy of
inhaled versus intranasal zanamivir is
referenced as support for the idea that
the lower respiratory tract is the pre-
ferred site of influenza infection;
however, 1 study cited is insufficient-
ly powered, and the other 2 do not
compare the intranasal and inhaled
routes (5–7). The major site of depo-
sition of inhaled zanamivir is the
oropharynx (77.6%), not the lungs
(13.2%) (www.gsk.ca/en/products/
prescription/relenza_pm.pdf). In
another flawed study (8), study par-
ticipants naturally infected with wild-
type virus are compared with study
participants experimentally infected
with an attenuated strain.

In a review of such relevance,
critical analysis of confounding fac-
tors is necessary. The Alaska Airlines
outbreak (9) is presented as proof of
airborne influenza transmission; how-
ever, droplet/contact transmission
remains plausible because passenger
movement was not restricted and the
index patient was seated in high-traf-
fic area. In the Livermore Hospital
study (10), serious confounders such
as bed arrangements, number of
influenza exposures, patient mix, and
ventilation were not accounted for.

We encourage readers of Teller’s
article to review the relevant primary
literature. We believe that the only rea-
sonable conclusion that can be drawn
at this time is that aerosol transmission
does not play a major role in natural
influenza epidemiology. Whether
aerosols play any role in the transmis-
sion of influenza is a question
demanding an answer; it is clear that
we do not yet have that answer.
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