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M A J O R A R T I C L E

Risk Factors for Toxoplasma gondii Infection
in the United States

Jeffrey L. Jones,1 Valerie Dargelas,2 Jacquelin Roberts,1 Cindy Press,2 Jack S. Remington,2,3 and Jose G. Montoya2,3

1Division of Parasitic Diseases, National Center for Zoonotic, Vectorborne, and Enteric Diseases, Coordinating Center for Infectious Diseases,
Centers for Disease Control and Prevention, Atlanta, Georgia; 2Palo Alto Medical Foundation, Toxoplasma Serology Laboratory, Palo Alto,
and 3Division of Infectious Diseases and Geographic Medicine, Department of Medicine, Stanford University School of Medicine, Stanford, California

Background. Toxoplasmosis can cause severe ocular and neurological disease. We sought to determine risk
factors for Toxoplasma gondii infection in the United States.

Methods. We conducted a case-control study of adults recently infected with T. gondii. Case patients were
selected from the Palo Alto Medical Foundation Toxoplasma Serology Laboratory from August 2002 through May
2007; control patients were randomly selected from among T. gondii–seronegative persons. Data were obtained
from serological testing and patient questionnaires.

Results. We evaluated 148 case patients with recent T. gondii infection and 413 control patients. In multivariate
analysis, an elevated risk of recent T. gondii infection was associated with the following factors: eating raw ground
beef (adjusted odds ratio [aOR], 6.67; 95% confidence limits [CLs], 2.09, 21.24; attributable risk [AR], 7%); eating
rare lamb (aOR, 8.39; 95% CLs, 3.68, 19.16; AR, 20%); eating locally produced cured, dried, or smoked meat
(aOR, 1.97; 95% CLs, 1.18, 3.28; AR, 22%); working with meat (aOR, 3.15; 95% CLs, 1.09, 9.10; AR, 5%); drinking
unpasteurized goat’s milk (aOR, 5.09; 95% CLs, 1.45, 17.80; AR, 4%); and having 3 or more kittens (aOR, 27.89;
95% CLs, 5.72, 135.86; AR, 10%). Eating raw oysters, clams, or mussels (aOR, 2.22; 95% CLs, 1.07, 4.61; AR,
16%) was significant in a separate model among persons asked this question. Subgroup results are also provided
for women and for pregnant women.

Conclusions. In the United States, exposure to certain raw or undercooked foods and exposure to kittens are
risk factors for T. gondii infection. Knowledge of these risk factors will help to target prevention efforts.

In the United States, among the ∼4.2 million live births

per year, congenital Toxoplasma gondii infection occurs

in ∼500 to 5000 newborns [1–3]. In addition, in the

United States ocular toxoplasmosis affects an estimated

1.26 million persons [4–6], 22.5% of the adolescent

and adult population is infected with the organism [5],

and ∼89% of women of childbearing age are susceptible

to acute infection with T. gondii [7] and are at risk of

transmitting the parasite to their offspring if they ac-

quire a primary infection during gestation [8]. Con-

Received 21 January 2009; accepted 28 April 2009; electronically published 10
August 2009.

The findings and conclusions in this report are those of the authors and do not
necessarily represent the views of the Department of Health and Human Services
or the Centers for Disease Control and Prevention.

Reprints or correspondence: Dr Jeffrey L. Jones, Mailstop F-22, Div of Parasitic
Diseases, National Center for Zoonotic, Vectorborne, and Enteric Diseases,
Coordinating Center for Infectious Diseases, Centers for Disease Control and
Prevention, 4770 Buford Hwy, Atlanta, GA 30341 (jlj1@cdc.gov).

Clinical Infectious Diseases 2009; 49:878–84
� 2009 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2009/4906-0008$15.00
DOI: 10.1086/605433

genital toxoplasmosis caused ocular disease in 12%–

30% of children prospectively followed up by serial oph-

thalmologic evaluations [9–12], with new ocular lesions

occurring in up to 31% of referred children who were

treated and followed up to a mean age of 10.8 years [13].

In addition, postnatal infection is now thought to cause

more cases of ocular toxoplasmosis than congenital in-

fection [4]. Congenital infection has also been shown to

result in intracranial calcifications in 9.5% of infants

identified by prenatal screening programs and in 21.7%

of infants identified by postnatal programs [14]. Other

manifestations of congenital disease include hydroceph-

aly, microcephaly, and psychomotor and mental retar-

dation. In immunocompromised patients, including

those with organ transplants, AIDS, and cancer, and in

those taking immunosuppressive drugs, reactivated and

untreated toxoplasmosis has a high mortality rate.

Prevention of T. gondii infection depends on avoid-

ance of the organism in cat feces, soil, water, and food,

including undercooked meat [15]. Using a standardized

case-control design and laboratory testing techniques
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Table 1. Demographic Characteristics of Case and Control
Patients—Toxoplasma gondii Case-Control Study, United
States, August 2002 through May 2007

Characteristic

Proportion (%)

PbCase patientsa Control patients

Age !.01

18–29 years 49/148 (33.1) 140/413 (33.9)

30–49 years 81/148 (54.7) 259/413 (62.7)

�50 years 18/148 (12.2) 14/413 (3.4)

Sex !.01

Male 22/148 (14.9) 18/412 (4.4)

Female 126/148 (85.1) 394/412 (95.6)

Race .58

White 125/148 (84.5) 328/408 (80.4)

Black 5/148 (3.4) 18/408 (4.4)

Asian/Pacific Islander 7/148 (4.7) 32/408 (7.8)

Other 11/148 (7.4) 30/408 (7.4)

Ethnicity .47

Hispanic 8/146 (5.5) 29/400 (7.2)

Non-Hispanic 138/146 (94.5) 371/400 (92.8)

Education .09

High school or less 25/148 (16.9) 43/406 (10.6)

Some college 30/148 (20.3) 74/406 (18.2)

College graduate 93/148 (62.8) 289/406 (71.2)

Region of United Statesc .14

Northeast 66/148 (44.6) 142/413 (34.4)

South 28/148 (18.9) 102/413 (24.7)

Midwest 23/148 (15.5) 64/413 (15.5)

West 31/148 (21.0) 105/413 (25.4)

a Among case patients, 2 did not indicate ethnicity; among control
patients, 1 did not indicate sex, 5 did not indicate race, 13 did not indicate
ethnicity, and 7 did not indicate education.

b Any differences between case and control patients.
c Regions were defined as follows: the Northeast included Connect-

icut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont,
New Jersey, Pennsylvania, and New York; the Midwest included Indiana,
Illinois, Michigan, Ohio, Wisconsin, Iowa, Kansas, Minnesota, Missouri,
Nebraska, North Dakota, and South Dakota; the South included Dela-
ware, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia,
West Virginia, Alabama, Kentucky, Mississippi, Tennessee, Arkansas,
Louisiana, Oklahoma, Texas, and Washington, DC; and the West included
Arizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyo-
ming, Alaska, California, Hawaii, Oregon, and Washington.

available at the Palo Alto Medical Foundation Toxoplasma

Serology Laboratory (PAMF-TSL) (http://www.pamf.org/serol-

ogy/), we conducted a study to determine the risk factors for

recent T. gondii infection and the proportion of recent T. gondii

infections that could be attributable to each of the factors

identified.

METHODS

The Toxoplasma case-control study was conducted by the

PAMF-TSL in collaboration with the Centers for Disease Con-

trol and Prevention (CDC). Case patients were defined as per-

sons �18 years of age from the United States who were referred

for toxoplasmosis evaluation to the PAMF-TSL and were found

to have been infected with T. gondii within 6 months before

the date the serum sample was obtained [16]. The patients’

serum samples were sent by their primary physicians (from

throughout the United States) to the PAMF-TSL for reference

laboratory testing from August 2002 through May 2007 because

of positive Toxoplasma immunoglobulin G (IgG) and immu-

noglobulin M (IgM) test results obtained at a clinical (non-

reference) laboratory and/or clinical symptoms suggestive of

toxoplasmosis. For each of the case patients, confirmatory test-

ing performed at the PAMF-TSL revealed that the patient had

acquired their primary infection within 6 months of serum

sampling (see the section on serological tests below for a de-

scription of confirmatory testing) [16, 17]. Control patients

were randomly selected from among T. gondii–seronegative per-

sons tested at the PAMF-TSL within the year before each iden-

tified case patient. An attempt was made to identify 2 or 3

persons as control patients from the same state as each case

patient. If control patients were not available from the same

state, selection of control patients in the same geographical

region of the case patient was attempted (for definitions of

geographical regions, see the footnotes of table 1).

Questionnaire. The survey instrument was developed from

a standardized questionnaire [18] with input from physicians,

epidemiologists, veterinarians, health educators, and labora-

torians at the CDC and the PAMF-TSL. The questionnaire was

pilot tested by 4 case patients and 4 control patients identified

through the PAMF-TSL. Questionnaires were mailed to the case

patients’ or control patients’ physicians requesting their (and

their patients’) participation. After informed consent was ob-

tained, participants were asked to complete the self-adminis-

tered questionnaire. The exposure variables evaluated a com-

prehensive set of factors. The following is a partial list:

educational level (high school or less, some college, college

graduate); travel in the past 12 months; soil-related activities,

including gardening and washing fruits or vegetables; exposure

to cats (or kittens [defined as a cat !1 year old]) and cat feces;

ingestion of raw or undercooked meat and poultry, of specific

types of meat and poultry, and of meat and poultry that had

been frozen; working with meat (ie, working with meat in a

job); cross-contamination from meat; ingestion of unpasteur-

ized cow’s and goat’s milk; and sources of drinking water. The

term exposure refers to the 12 months before the date the last

serum sample was obtained for T. gondii testing. In December

2003, an amendment was made to the study in which exposure

variables related to ingestion of mollusks were added to the

questionnaire because sea otters in California, which frequently

eat mollusks, were found to be infected with T. gondii, and we

thought that raw mollusks might pose a risk to humans (see

Discussion). The study and its amendment were reviewed and

approved by the human subjects committees at the Palo Alto

Medical Foundation and the CDC.

Serological tests. For each case patient, a Toxoplasma se-
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Table 2. Adjusted Odds Ratios (aORs) Based on 4 Multivariate Models Comparing Case and
Control Patients—Toxoplasma gondii Case-Control Study, United States, August 2002 through May
2007

Model, associated factor aOR (95% CLs) AR (95% CLs),a %

Model 1b
All persons responding to the questions

in the model (n p 473)

Age

�50 vs 18–29 years 3.21 (1.01, 10.19) 8 (0, 11)

30–49 vs 18–29 years 1.13 (0.64, 1.97) …

Sex, male vs female 5.13 (2.10, 12.58) 12 (8, 14)

Region

Midwest vs West 3.67 (1.53, 8.79) 43 (26, 53)

Northeast vs West 3.43 (1.66, 7.09) …

South vs West 1.50 (0.65, 3.47) …

Work with meat, yes vs no 3.15 (1.09, 9.10) 5 (2, 7)

Have kittens

�3 vs 0 27.89 (5.72, 135.86) 10 (9, 13)

1–2 vs 0 0.64 (0.26, 1.56) …

Eat locally produced cured, dried, or smoked meat, yes vs no 1.97 (1.18, 3.28) 22 (7, 32)

Eat rare lamb, yes vs no 8.39 (3.68, 19.16) 20 (17, 21)

Eat raw ground beef, yes vs no 6.67 (2.09, 21.24) 7 (5, 8)

Microwave meat, yes vs no 0.44 (0.24, 0.81) 22 (8, 46)c

Drink unpasteurized goat’s milk, yes vs no 5.09 (1.45, 17.80) 4 (1, 5)

Drink untreated water from a stream, lake, or pond, yes vs no 3.11 (0.92, 10.51) …

Model 2d

Persons receiving amended questionnaire
(including oyster, muscle, and clam con-
sumption) and responding to the ques-

tions in the model (n p 380)

Age

�50 vs 18–29 years 2.50 (0.54, 11.56) …

30–49 vs 18–29 years 0.72 (0.38, 1.38) …

Sex, male vs female 7.30 (2.34, 22.82) 13 (8, 14)

Region

Midwest vs West 3.32 (1.23, 8.91) 39 (13, 54)

Northeast vs West 2.67 (1.15, 6.16) …

South vs West 1.60 (0.61, 4.20) …

Work with meat, yes vs no 2.75 (0.83, 9.15) …

Have kittens

�3 vs 0 35.36 (4.00, 312.94) 10 (8, 13)

1–2 vs 0 0.62 (0.23, 1.70) …

Eat locally produced cured, dried, or smoked meat, yes vs no 2.10 (1.16, 3.82) 23 (7, 33)

Eat rare lamb, yes vs no 9.26 (3.79, 22.63) 20 (17, 22)

Eat raw ground beef, yes vs no 7.55 (1.75, 32.65) 7 (4, 8)

Microwave meat, yes vs no 0.42 (0.21, 0.83) 23 (7, 50)c

Eat any raw oysters, clams, or mussels, yes vs no 2.22 (1.07, 4.61) 16 (4, 24)

Model 3e
All women responding to the questions

in the model (n p 446)

Age

�50 vs 18–29 years 3.42 (0.84, 13.96) …

30–49 vs 18–29 years 1.14 (0.63, 2.07) …

Region

Midwest vs West 4.92 (1.96, 12.34) 47 (28, 57)

Northeast vs West 3.48 (1.60, 7.58) …

South vs West 1.42 (0.56, 3.60) …

Have kittens

�3 vs 0 72.74 (8.78, 602.80) 11 (10, 14)

1–2 vs 0 0.63 (0.25, 1.60) …

Eat locally produced cured, dried, or smoked meat, yes vs no 2.48 (1.45, 4.26) 28 (15, 36)

Eat sausage, yes vs no 1.72 (0.94, 3.16) …

Eat rare lamb, yes vs no 10.27 (4.40, 24.01) 20 (17, 21)
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Table 2. (Continued.)

Model, associated factor aOR (95% CLs) AR (95% CLs),a %

Eat raw ground beef, yes vs no 5.78 (1.78, 18.71) 7 (4, 9)

Microwave meat, yes vs no 0.41 (0.22, 0.79) 24 (7, 49)c

Drink unpasteurized goat’s milk, yes vs no 5.92 (1.59, 22.09) 4 (1, 5)

Model 4f
All pregnant women responding to the

questions in the model (n p 300)

Region

Midwest vs West 4.57 (1.29, 16.17) 58 (30, 71)

Northeast vs West 4.65 (1.58, 13.67) …

South vs West 1.37 (0.37, 5.11) …

Have kittens

�3 vs 0 76.15 (8.27, 701.12) 13 (12, 19)

1–2 vs 0 1.10 (0.37, 3.26) …

Eat previously frozen ground pork, often/sometimes vs never 2.30 (1.12, 4.74) 22 (6, 33)

Eat rare lamb, yes vs no 5.20 (1.58, 17.09) 13 (6, 16)

Eat raw ground beef, yes vs no 5.39 (1.38, 21.01) 9 (3, 11)

Microwave meat, yes vs no 0.33 (0.12, 0.87) 26 (5, 73)c

Drink unpasteurized goat’s milk, yes vs no 7.12 (1.56, 32.44) 6 (2, 7)

Wash hands after handling raw meat, always/sometimes vs never 0.32 (0.09, 1.10) …

NOTE. AR, attributable risk; CLs, confidence limits.
a Denoted for aORs significant at only. Data are ARs unless otherwise indicated.P ! .05
b Summary AR, 78% (95% CLs, 69%, 83%); summary AR excluding region, sex, and age, 52% (95% CLs, 40%,

58%).
c Prevented fraction.
d Summary AR, 77% (95% CLs, 63%, 83%); summary AR excluding region and sex, 57% (95% CLs, 42%, 63%).
e Summary AR, 75% (95% CLs, 64%, 81%); summary AR excluding region, 54% (95% CLs, 41%, 59%).
f Summary AR, 79% (95% CLs, 59%, 86%); summary AR excluding region, 50% (95% CLs, 30%, 56%).

rological profile (TSP) and an avidity test were performed at

the PAMF-TSL, revealing that these patients had been recently

infected (acute TSP). The TSP is comprised of the Sabin-Feld-

man dye test (IgG) [19], double-sandwich IgM enzyme-linked

immunosorbent assay (ELISA) [20], immunoglobulin A (IgA)

ELISA [21], immunoglobulin E (IgE) ELISA [22], and the dif-

ferential agglutination (AC/HS) test [23]. Each test was per-

formed and results were interpreted as described elsewhere [17].

An acute TSP (ie, a Sabin-Feldman dye test titer �1:2048, an

IgM ELISA result �5.0, an acute pattern in the differential

agglutination test, and positive IgA and IgE ELISA results) cor-

relates 100% with an acute infection acquired within 6 months

in seroconversion studies of pregnant women in Europe and

in serological studies of patients with lymphadenopathy in the

United States [16, 17]. In addition, all case patients had a low

avidity test result consistent with a recent infection [24, 25]. A

nonacute TSP is never observed in patients who have been

infected !6 months [16, 17].

Statistical methods. The study data were entered into an

electronic database at the PAMF-TSL and then transferred to

the CDC without personal identifiers for analysis. Data analysis

was performed with SAS software, version 9.1 (SAS Institute).

Crude odds ratios (ORs) were calculated for all variables to

ascertain the initial risk factors associated with toxoplasmosis.

Variables with for the associated crude OR were enteredP ! .15

into a logistic regression model and were retained in the final

model if significant at . Age, sex, and region were in-P ! .10

cluded in all models to adjust for potential confounding. Model

fit was assessed and determined to be adequate by the Hosmer-

Lemeshow x2 test. Individual attributable risks (ARs) or pre-

vented fractions and their 95% confidence limits (CLs) were

calculated for each significant ( ) adjusted OR by stan-P ! .05

dard methods [26–28]. We also provide summary ARs and

summary ARs excluding significant nonmodifiable risk factors

(region, age, and/or sex, depending on the model) with asso-

ciated 95% CLs.

A separate model was used to evaluate raw oysters, mussels,

and clams because the question pertaining to these items was

added 2 years after the initiation of the study, resulting in fewer

participants among which to evaluate the effect of this exposure.

Separate models were also used to evaluate women and preg-

nant women. There was not a sufficient number of men in the

study to run a separate model for them alone.

x2 tests were used to evaluate differences between case and

control patients with respect to age, sex, race, ethnicity, and

education. Continuous demographic variables were compared

using pooled t tests.

RESULTS

Of 24,910 persons tested during the study period, 6119 (24.6%)

were positive for IgG, and 340 (1.4%) had a low avidity test
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result suggestive of a recently acquired infection [23, 24]. Of

these 340 patients, 221 (65.0%) had a confirmatory serological

test result consistent with an infection being acquired within

6 months of the date the serum sample was obtained. Of the

221 recently infected persons, 148 (67.0%) agreed to participate

in the study and completed the survey, whereas 73 (33.0%)

persons declined to participate or did not respond. The 148

case patients were similar to the 73 nonrespondents with respect

to age (mean, 34.7 vs 34.4 years; ), sex (85.1% vs 83.6%P p .79

female; ), and region (11.0% vs 15.5% for the Midwest,P p .76

39.7% vs 44.6% for the Northeast, 26.0% vs 18.9% for the

South, and 23.3% vs 21.0% for the West; ). Of the 148P p .52

case patients, 45 (30.4%) were symptomatic, and none were

infected with human immunodeficiency virus. In total, 413

persons agreed to participate as control patients during the

study period.

Among the 148 case patients, 76 (60.3%) of the 126 women

were pregnant; among the 413 control patients (412 of whom

provided information on sex), 301 (76.4%) of the 394 women

were pregnant. Table 1 shows the demographic characteristics

of the case patients compared with those of the control patients.

Case and control patients were similar with respect to race,

ethnicity, and region of the United States but differed somewhat

with respect to age and sex. The time between the date of serum

sampling and the date of completion of the questionnaire was

approximately the same for both the case and the control pa-

tients, with 91.8% of case patients and 87.2% of control patients

completing the questionnaire within 6 months of the date their

serum sample was obtained.

In multivariate analysis of all persons, the following factors

increased the risk of recent T. gondii infection (compared with

the absence of the factor if the comparison group is not stated):

age (�50 vs 18–29 years); sex (male vs female); region (Midwest

vs West and Northeast vs West); working with meat; having 3

or more kittens; eating locally produced cured, dried, or

smoked meat; eating rare lamb; eating raw ground beef; and

drinking unpasteurized goat’s milk (model 1 in table 2). There

was no evidence that the risk resulting from consumption of

unpasteurized goat’s milk was associated with travel outside

the United States. Among those persons who had not traveled

outside the United States within the past 12 months, 5 (6.1%)

of 82 case patients drank unpasteurized goat’s milk, compared

with 4 (1.6%) of 250 control patients (OR, 3.9; 95% CLs, 1.05,

15.2); among those who had traveled outside the United States

within the past 12 months, 2 (3.5%) of 57 case patients drank

unpasteurized goat’s milk, compared with 4 (2.8%) of 141 con-

trol patients (OR, 1.24; 95% CLs, 0.22, 6.99), indicating that

the risk associated with unpasteurized goat’s milk was not lim-

ited to those who had traveled outside the United States. Using

a microwave to cook meat decreased the risk of recent infection.

There was no effect modification in the logistic regression mod-

els. ARs or prevented fractions with 95% CLs are also shown

in table 2. The model-based AR was 78% (95% CLs, 69%,

83%) for all factors combined and was 52% (95% CLs, 40%,

58%) if region of the country, age, and sex were excluded.

In a separate multivariate model that restricted data to the

time period during which persons received the amended ques-

tionnaire that included questions about the consumption of

oysters, clams, and muscles, the results were similar except that

eating raw oysters, clams, and muscles was associated with an

increased risk for recent T. gondii infection; however, working

with meat and drinking unpasteurized goat’s milk were not

significant risk factors (model 2 in table 2). In the model for

all women, the results were similar to those for all persons

except that working with meat was not a significant risk factor

(model 3 in table 2). In the model for pregnant women alone,

the results were again similar to those for all persons except

that age group was not significantly associated with the risk of

recent T. gondii infection and that eating previously frozen

ground pork was significantly associated with risk (model 4 in

table 2).

DISCUSSION

In our case-control study, we identified eating raw oysters,

clams, or mussels as a new risk factor for recent T. gondii

infection. Oysters, clams, and mussels are filter feeders that

concentrate T. gondii, as has been shown under experimental

conditions [29]. Sea otters in California have been found to

be infected with T. gondii [30], and it is likely that they are

often infected by eating mollusks, which filter T. gondii from

seawater. The seawater in California is thought to be contam-

inated by T. gondii oocysts that originate from cat feces, survive

or bypass sewage treatment, and travel to the coast through

river systems [30, 31]. T. gondii has been identified in a Cali-

fornia mussel by polymerase chain reaction and DNA sequenc-

ing [32]. In light of the potential presence of T. gondii, pregnant

women and immunosuppressed persons should be aware of

this potential risk associated with eating raw oysters, muscles,

and clams.

In addition to this new factor, we identified a number of

risk factors that have been previously associated with T. gondii

infection, such as eating undercooked meat and drinking un-

pasteurized goat’s milk [15, 18, 33]. Drinking untreated water

also elevated the risk, although not significantly so. We were

not able to find an overall estimate of consumption of unpas-

teurized goat’s milk in the United States. However, as noted

in Results only 1.6% of the control patients indicated that they

drank unpasteurized goat’s milk in the past 12 months, so

consumption of unpasteurized goat’s milk must be relatively

uncommon. In the United States, meat has been found to be

contaminated with T. gondii, especially pork, lamb, and wild-

game meat (such as venison) [33]. Eating frozen ground pork
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was associated with an increased risk of recent T. gondii infec-

tion in pregnant women. Adequate freezing (�12�C or lower

for at least 24 h) will inactivate T. gondii cysts, but cysts have

remained viable for 111 days at �6.7�C [34]. Hill et al [35]

found that US frozen-meat display-case temperatures are not

even as cold as �6.7�C. Working with meat was also associated

with recent T. gondii infection in our study. It is possible that

some persons who work with meat could inadvertently ingest

undercooked meat (for example, if gloves were not worn or

were removed incorrectly). It is also possible that cooks who

work with meat could taste dishes before the meat was fully

cooked or could inadvertently ingest undercooked meat from

their hands. A national survey of pregnant women found that

many women were not aware of the risk of toxoplasmosis as-

sociated with undercooked meat [36]. It is important that preg-

nant women and immunosuppressed persons not eat under-

cooked meat and follow safe-cooking guidelines [15, 37]. In

addition, unpasteurized goat’s milk and untreated water should

be avoided.

Microwave cooking of meat was associated with a reduced

risk of recent T. gondii infection (table 2). This may seem coun-

terintuitive, because microwave cooking does not always heat

meat evenly [38]. However, in the United States microwave

cooking is often associated with reheating already-cooked meat

or with defrosting or cooking frozen meat (for example, TV

dinners). Because deep freezing (�12�C or lower) usually kills

T. gondii cysts in meat [34, 35], people who frequently eat frozen

meat cooked in a microwave oven may have a lower risk of

infection with T. gondii. As noted above, however, if meat is

not sufficiently frozen, T. gondii cysts can remain viable.

It is interesting that the increased risk associated with ex-

posure to kittens was limited to respondents who had 3 or

more kittens. This suggests that a litter of kittens may be re-

sponsible for the risk. Kittens that have access to rodents and

birds often become infected with T. gondii when they are

weaned, grow older, and develop hunting skills. Via their feces,

a litter of kittens could contaminate the environment with mil-

lions of oocysts, which could survive for months or years in

the soil [39]. To avoid environmental contamination, a litter

box should be used and feces cleaned up daily, preferably by

a nonpregnant, nonimmunosuppressed person [15, 37]. Daily

cleaning of the litter box helps prevent T. gondii infection be-

cause the organism requires 1 or more days to sporulate and

become infectious after being shed in the feces [15]. Although

the questionnaire inquired about many soil-related risk factors

(eg, gardening, washing fruits, and vegetables), none signifi-

cantly increased the risk of T. gondii infection in multivariate

analysis.

We found an AR of 78% for all the factors in the multivariate

model (model 1 in table 2) and of 52% when excluding the

effect of age, sex, and region, which are not modifiable risk

factors. In other words, we were not able to explain the risk

for 48% of the infections in our study (excluding the non-

modifiable risk factors). This is consistent with the findings of

a multicenter study in Europe that was not able to explain

14%–49% of the risk for T. gondii infection, depending on the

center [18]. Sometimes people may be unaware of their ex-

posures or may have difficulty recalling specific risks that oc-

curred [40].

One strength of our study is that case patients had serolog-

ically defined recent T. gondii infection, so their recent behavior

and other risk factors correspond to the time of their infection.

One limitation of our study is that the case and control patients

were not precisely matched by age; however, age is not nec-

essarily related to the risk of recent infection (rather than prev-

alent infection). In addition, we controlled for age in the mul-

tivariate analysis. There was a higher proportion of men among

the case patients than the control patients (14.9% vs 4.3%);

however, this was a result of the volunteer nature of the study

and was controlled for in the multivariate analysis. We also

presented subset analyses for women and pregnant women.

Although this study was conducted at the only Toxoplasma

reference laboratory in the United States, our findings may not

be generalizable to the entire US population. It is possible that

both case and control patients who mentioned risk factors to

their clinicians were more likely to be referred for testing and

agree to the survey. It should be noted that ARs depend on the

prevalence of exposure to the specific risk factor (and strength

of association) in the population. Accordingly, the ARs pre-

sented apply only to the study population and may be different

for other groups.

Toxoplasma gondii is a widely prevalent parasite that is po-

tentially responsible for significant morbidity and mortality in

the congenitally infected child and those with immunosup-

pression and for high morbidity in all persons in the form of

ocular disease. In the present study, we have determined the

risk factors among US patients referred for testing. Reduction

of T. gondii contamination of meat and increased education of

health professionals and the public about the factors identified

in this study could help to further reduce the burden of tox-

oplasmosis in the United States.
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