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Abstract.

Few studies have quantified toxoplasmosis mortality, associated medical conditions, and productivity losses

in the United States. We examined national multiple cause of death data and estimated productivity losses caused by
toxoplasmosis during 2000-2010. A matched case—control analysis examined associations between comorbid medical
conditions and toxoplasmosis deaths. In total, 789 toxoplasmosis deaths were identified during the 11-year study period.
Blacks and Hispanics had the highest toxoplasmosis mortality compared with whites. Several medical conditions were
associated with toxoplasmosis deaths, including human immunodeficiency virus (HIV), lymphoma, leukemia, and con-
nective tissue disorders. The number of toxoplasmosis deaths with an HIV codiagnosis declined from 2000 to 2010; the
numbers without such a codiagnosis remained static. Cumulative disease-related productivity losses for the 11-year
period were nearly $815 million. Although toxoplasmosis mortality has declined in the last decade, the infection remains
costly and is an important cause of preventable death among non-HIV subgroups.

INTRODUCTION

Toxoplasmosis encephalitis is a highly recognized manifes-
tation of Toxoplasma gondii infection associated with human
immunodeficiency virus (HIV)/acquired immunodeficiency syn-
drome (AIDS)."? However, this protozoan zoonosis is underap-
preciated as the second most common cause of foodborne
deaths in the United States (US) and a preventable cause of
other non-HIV disease.’

With an estimated seroprevalence of about 10-15% in the
general US population,* the clinical presentation of toxoplas-
mosis varies among several subgroups, ranging from no symp-
toms in most individuals to cerebral involvement and/or
widespread disseminated disease in individuals with severe
immune suppression.>® A number of contributing factors,
including age, sex, underlying medical conditions, and strain
of parasite, affect this disease’s severity and clinical course.”®
For example, nearly one-third (30%) of all AIDS patients
with seropositivity to this organism who experienced CD4
counts below 100 cells/mm?® have developed reactivated toxo-
plasmosis, especially in the absence of effective prophylaxis.’
In non-HIV immune suppression (e.g., from cancer chemother-
apy, prolonged steroid treatment of connective tissue disorders,
post-transplantation therapy, or poorly controlled diabetes), this
disease risk is still substantial but generally not as well-
characterized in the literature.'*'?

To contribute to this latter gap in the literature, we con-
ducted a multipart study using the national multiple cause of
death (MCD) dataset from 2000 to 2010: (part 1) quantification
and trend analysis of toxoplasmosis mortality in the United
States, (part 2) a matched case—control analysis matching asso-
ciated medical conditions to disease cases and (part 3) a cost
analysis to enumerate the cumulative productivity losses attrib-
uted to pre-mature death from this zoonosis during the 11-year
study period. The analysis complements emerging research
showing disparities in the number of toxoplasmosis hospitaliza-
tions by HIV status."

*Address correspondence to Patricia L. Cummings, Division of
Chronic Disease and Injury Prevention, Los Angeles County Depart-
ment of Public Health, 3530 Wilshire Boulevard, 8th Floor, Los
Angeles, CA 90010. E-mail: pcummings@ph.lacounty.gov

959

MATERIALS AND METHODS

Through the National Vital Statistics System monitored by
the US Department of Health and Human Services and the
Centers for Disease Control and Prevention, the National Cen-
ter for Health Statistics (NCHS) collects and publishes data on
deaths obtained from registration offices of all 50 states in the
US, including the District of Columbia. The US Standard
Certificate of Death form is completed by a medical certifier
(most often the attending physician or coroner) and includes
demographic information, such as age, sex, race/ethnicity,
and all conditions that led to death (i.e., underlying and associ-
ated causes). The underlying cause of death is the disease or
injury that initiated the chain of events leading directly to
death, whereas the associated causes are conditions other than
the underlying cause listed on the death certificate in the sec-
tions for both the sequence of events and other contributing
conditions. Underlying and associated conditions reported
from 2000 to 2010 are listed on the death certificates in
accordance with the International Classification of Diseases,
10th Revision (ICD-10).14

Study sample. We examined toxoplasmosis mortality in
the US using MCD data for an 11-year period from 2000 to
2010. Deaths from toxoplasmosis were defined as any observa-
tion listed as either the underlying cause or the associated
cause of death using the following ICD-10 codes: B58-B58.3,
B58.8-B58.9, and P37.1; these codes include the diagnosis
of congenital toxoplasmosis. Mortality rates were calculated
using bridged-race population approximations from the
NCHS."® Race bridging is a method used to make two differ-
ent sets of race categories consistent with one another for
estimation and comparison purposes. Age, sex, race/ethnicity,
and year of death were included in these calculations based on
estimates from the US Census Bureau for the 11-year period.
Age at death was used to standardize and calculate age-specific
rates and ratios as well as categorize decedent cases into the
following groups: < 1, 1-4, 5-14, 15-24, 25-34, 3544, 45-54,
55-64, 65-74, 75-84, and > 85 years. Race/ethnicity was cate-
gorized as white (non-Hispanic), Asian/Pacific Islander, black
(non-Hispanic), Hispanic, and Native American (American
Indian/Alaska Native). Due to changes in ICD coding in
1999 from the 9th version to the 10th version, we restricted
our analysis to include only data from 2000 and onwards.
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Because this study relies on public deidentified data on
deceased individuals, it does not constitute research involving
human subjects; this is in accordance with Title 45, part 45, of
the Code of Federal Regulations.'®

Mortality and matched case—control analysis. Population
data for deriving mortality rates were obtained from the US
Census Bureau. Toxoplasmosis mortality rates per 100,000
population per year were calculated for the US. Crude rates of
toxoplasmosis mortality and 95% confidence intervals (95%
CIs) were computed by age, sex, race/ethnicity, year, and state
of residence. Using the 2000 US standard population, age-
adjusted rates were calculated for sex, race/ethnicity, year,
and state.'” Rate ratios (RRs), age-adjusted RRs, and 95% CIs
were also calculated. Temporal trends were modeled using
Poisson regression methods. Years of potential life lost (YPLL),
a measure of the number of years not lived by an individual
who dies before reaching a pre-determined age, was calcu-
lated using the NCHS ceiling of 75 years of age.'® Redelings
and others' have previously validated the use of MCD data to
investigate associations between conditions listed on death
certificates. Using these methods, the relationship between
comorbid medical conditions and toxoplasmosis mortality was
examined using a matched case—control analysis. To select con-
trols, a random sample of non-toxoplasmosis deaths was drawn
from the MCD dataset during the same time frame as cases
(2000-2010) and matched in a 10:1 ratio (10 controls per 1 case)
by age, race/ethnicity, and sex. Co-occurring or comorbid med-
ical conditions were selected and included in the analysis if
they were (1) known to be associated with toxoplasmosis, such
as HIV/AIDS, and/or (2) known to impair an individual’s
immune response in the absence of HIV/AIDS (e.g., treat-
ments for autoimmune conditions and cancer chemotherapy).
Matched odds ratios (MORs) and 95% ClIs were generated for
each of the case—control pairs studied.

Because HIV is strongly related to fatal toxoplasmosis
reactivation (i.e., more than one half of the death certificates
with toxoplasmosis listed as a cause of death also had HIV
listed), we conducted a subgroup analysis to compare differ-
ences in mortality rates and age-adjusted RRs between toxo-
plasmosis deaths with HIV involvement versus those without
HIV involvement. All analyses were conducted using the SAS
9.2 statistical software package (SAS Institute, Inc., Cary, NC).

Cost analysis: estimating productivity losses. Productivity
losses due to of pre-mature death from toxoplasmosis were
estimated using the human capital approach.?*?! The number
of deaths during each year of the 11-year period (2000-2010)
were multiplied by the present value of lifetime productivity
(PVLP) stratified by sex and age. Total costs from these losses
were calculated and presented cumulatively for the entire
period. The procedure to calculate PVLP has been described
elsewhere in the literature.”! PVLP calculations based on 2007
data (latest data available at the time of analysis) accounted for
labor force participation, life expectancy, estimates of future
values for housekeeping activities, and caregiving. It also
accounted for projected estimates of productivity growth. Esti-
mates for years before and after 2007 were adjusted assuming
an annual productivity growth of 0.5%. As recommended by
the Panel of Cost-Effectiveness in Health and Medicine, a
discounted rate of 3% was applied to the analysis.*>** All
estimates were adjusted to 2013 dollars using the Employment
Cost Index.** Similar methods to assess productivity losses
using MCD data have been published in the literature.”>2°

RESULTS

In total, 789 toxoplasmosis deaths were identified during the
study period from 2000 to 2010 (Table 1), of which 271 deaths
were caused by toxoplasmosis encephalitis, 112 deaths were
caused by other organ involvement, 71 deaths were caused by
congenital toxoplasmosis, 22 deaths were caused by pulmo-
nary toxoplasmosis, < 5 deaths were caused by toxoplasma
oculopathy, and the remaining deaths were unspecified.
Of 71 congenital toxoplasmosis deaths, 44 deaths listed were
as the underlying cause of death. The annual percentage
change in mortality rates was —11.7% over the 11-year period
(P value < 0.0001). Toxoplasmosis was reported as the under-
lying cause of death for 201 cases (25.5% of total) and as
an associated cause of death for 588 cases (74.5% of total).
The average age at death was 42.1 years (range = 0-92;
median = 41.0). The age-adjusted mortality rates varied during
the 11-year time frame (Figure 1), with an overall average
age-adjusted mortality rate of 0.025 per 100,000 population
(95% CI = 0.023-0.026) and a total of 26,186 YPLLs.

The highest absolute number of deaths and YPLLs attrib-
uted to toxoplasmosis occurred within the 35-44 years age
group—this represented 37.0% of all toxoplasmosis deaths
(0.050 per 100,000 population; 95% CI, 0.044-0.057; N = 240)
(Table 1). In general, males were two times as likely to have
toxoplasmosis listed as a cause of death than females (age-
adjusted RR = 2.01; 95% CI = 1.76-2.30). Black and Hispanic
race/ethnicity had the highest toxoplasmosis mortality
rates relative to whites (age-adjusted RR = 8.30; 95% CI =
7.32-9.42 and age-adjusted RR = 3.52; 95% CI = 3.09-4.01,
respectively). Blacks experienced 11,971 YPLLs; this was con-
siderably more than any other race/ethnic group (Table 1).
Florida had the highest frequency of deaths (N = 114; 14.4%),
with an age-adjusted mortality rate of 0.060 per 100,000 popu-
lation (95% CI = 0.049-0.072). Total productivity losses from
all toxoplasmosis deaths during 2000-2010 were estimated
to be $814.5 million. Cost per death for each year was just

TaBLE 1

Mortality RRs and YPLLs from toxoplasmosis in the United States,
2000-2010

Toxoplasmosis Age-adjusted RR
deaths n (%)* (95% CI) YPLLs

Sex
Female 268 (34.0%) Referent 9,027
Male 521 (66.0%)  2.01 (1.76-2.30) 17,159
Race/ethnicity
White 253 (32.1%) Referent 7,430
Asian/Pacific Islander 13 (1.6%) 0.81 (0.67-0.99) 509
Black 355 (45.0%) 830(7.32-9.42) 11971
Hispanic 166 (21.0%)  3.52(3.09-4.01) 6213
Native American 2(0.3%) 0.64 (0.51-0.80) 63
Age group (years)
<1 24 (3.0%) - 1,800
1-4 7(0.9%) - 511
5-14 20 (2.5%) - 1,300
15-24 27 (3.4%) - 1,476
25-34 148 (18.8%) - 6,606
35-44 240 (37.0%) - 8,548
45-54 171 (21.7%) - 4,447
55-64 77 (9.8%) - 1,250
65-74 40 (5.1%) - 248
75-84 30 (3.8%) - 0
> 85 5(0.6%) - 0
Total 789 (100%) - 26,186

*n is the frequency or number of decedents specified in each column.
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Ficure 1. Number of toxoplasmosis deaths and age-adjusted mortality rates per 100,000 population in the United States, 2000-2010.

over $1 million. Total productivity losses were highest in codiagnosis had the highest absolute number of deaths. For
the 30-34 and 35-39 years female age groups (approximately both HIV and non-HIV toxoplasmosis deaths, Black and
$84 million combined). Hispanic race/ethnicity had the highest age-adjusted mortality

In the matched case—control analysis, HIV was the most rates compared with whites (HIV: age-adjusted RR = 14.90;
often listed codiagnosis on the death certificates (N = 440; 95% CI =12.10-18.34 and age-adjusted RR =6.21; 95% CI =
56% of total), and it was strongly associated with toxoplasmo- 5.04-7.66, respectively; non-HIV: age-adjusted RR = 4.45;
sis deaths (MOR = 27.75; 95% CI = 21.78-35.37). Other 95% CI = 3.79-5.22 and age-adjusted RR = 1.90; 95% CI =
comorbid medical conditions strongly associated with toxo- 1.59-2.27, respectively).
plasmosis deaths included Hodgkin/non-Hodgkin lymphoma,
leukemia, and connective tissue disorders (Table 2). DISCUSSION

In total, there were 349 toxoplasmosis deaths without HIV
(non-HIV) as a codiagnosis compared with 440 toxoplasmosis T. gondii as a non-HIV disease in the United States.
deaths with HIV (HIV) as a codiagnosis on the death certifi- Although toxoplasmosis is associated with HIV/AIDS, dis-
cates (Table 3). The average age at death for these subgroups ease reactivation is common and often suspected in non-HIV
(with and without HIV codiagnosis) was similar to the overall immunosuppressive states (e.g., transplant recipients and che-
sample (caseload)—42.1, 41.9, and 42.1 years, respectively. motherapy patients). Based on a report released in 2011,
The average age-adjusted mortality rate for toxoplasmosis T. gondii was ranked 2 among 14 foodborne pathogens in
deaths with no HIV codiagnosis was 0.011 (95% CI = 0.010- annual disease burden, with Salmonella (nontyphoidal sero-
0.012) compared with 0.013 (95% CI = 0.012-0.015) for deaths types) ranking first and Campylobacter ranking third.*’
with HIV codiagnosis. Poisson trend analysis showed that the According to the report, $3 billion in illness costs and 11,000
annual percentage change in mortality rates among toxoplas- quality-of-adjusted-life-years (QALYs) were attributed to
mosis deaths without HIV involvement was —4.0% (95% CI, toxoplasmosis; the disease’s high mortality rate contributed to
—6.6%, —0.18%; P value = 0.04), whereas for deaths with HIV its high ranking. In this analysis, toxoplasmosis mortality aver-
involvement, it was —18.4%. The annual percentage change aged 71 deaths per year during the 11-year study period. This
for the overall sample was —11.7% (Figure 2). The 35-44 years was considerably higher than for Salmonella (about 53 deaths
age group comprising toxoplasmosis deaths without an HIV per year), the number one cause of foodborne illness in the US.

TABLE 2
Comorbid conditions associated with toxoplasmosis deaths with MORs and 95% CIs in the United States, 2000-2010
Toxoplasmosis cases Matched control
Medical conditions ICD-10 Codes (N=789)n (%)* (N=7.882) n (%)* MOR; (95% CI)

Connetive tissue disorders M30-M36 23 (2.9) 53(0.7) 4.40 (2.68-7.24)
Diabetes E10-El4 18 (2.3) 452 (5.7) 0.39 (0.24-0.62)
Heart disease 100-199 171 (21.7) 2,877 (36.5) 0.46 (0.39-0.56)
HIV B20-B24 440 (55.8) 414 (5.3) 27.75 (21.78-35.37)
Hodgkin, non-Hodgkin lymphoma$ C81, C82, C83, C84, C85, C86 42 (5.3) 76 (1.0) 5.91 (4.03-8.69)
Leukemia C91, €92, C93, C94, C95 25(3.2) 82 (1.0) 3.07 (1.95-4.85)

*n is the frequency or number of decedents specified in each column.

+During the matching process, one case was only able to find two matched controls because of the characteristics of that case (i.e., in the 5-14 years age range, female, and Asian).

1 Cases were matched to controls by age, sex, and race/ethnicity.

§ Among toxoplasmosis deaths with non-Hodgkin lymphoma, there were 11 cases with HIV involvement; among toxoplasmosis deaths with Hodgkin lymphoma, there were no cases with
HIV involvement.
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TaBLE 3

Decedent characteristics: toxoplasmosis cases with and without
HIV codiagnosis on the death certificates in the United States,
2000-2010

Toxoplasmosis cases
with HIV as
a codiagnosis
(N =440) n (%)*

Toxoplasmosis cases
without HIV as
a codiagnosis

Characteristic(s) (N=349)n (%)* Pl P value

Sex 16 <0.001
Female 123 (28.0) 145 (41.5)
Male 317 (72.0) 204 (58.5)
Race/ethnicity} 70 <0.001
White 91 (20.9) 162 (46.4)
Asian/Pacific <5 10 (2.9)
Islander
Black 237 (54.5) 118 (33.8)
Hispanic 107 (24.6) 59 (16.9)
Age group 154 < 0.001
(years)$§
<1 <5 23 (6.6)
1-4 - 7 (2.0)
5-14 - 20 (5.7)
15-24 10 (2.3) 17 (4.9)
25-34 96 (22.0) 52 (14.9)
35-44 160 (36.7) 80 (22.9)
45-54 123 (28.2) 48 (13.8)
55-64 40 (9.2) 37 (10.6)
65-74 7 (1.6) 33(9.5)
75-84 <5 27(7.7)
> 85 - 5(1.4)

*n is the frequency or number of decedents specified in each column.

142 statistic for equality of distribution of characteristic over groups and P value.

FNative American race was excluded because of small sample size (< 5).

§Percentage calculated based on available information from cases and controls; excludes
those with missing or incomplete other category information.

The Centers for Disease Control and Prevention currently
estimates that approximately 50% of toxoplasmosis cases
are foodborne.

Productivity losses associated with toxoplasmosis pre-mature
deaths. The cumulative productivity losses associated with toxo-
plasmosis mortality during 2000-2010 were nearly $815 million,
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representing a significant financial burden to society. Although
the highest costs were found in the 35-39 years age group, the
04 age subgroup contributed disproportionately to the amount.
Although the caseload for congenital toxoplasmosis was rela-
tively small in the MCD dataset (< 4% of total), the early losses
of life summed up to a very large number of years lost from
pre-mature death. Congenital toxoplasmosis is a condition
that can lead to miscarriage, stillbirth, or lifelong complications
(e.g., neurological disorders, permanent vision loss, learning
disabilities, and paralysis).* It is also a condition that can be
prevented. For example, among pregnant women, increased
patient education should stress the importance of reducing
risk from food (e.g., eating raw ground beef, undercooked
pork, rare lamb or locally produced cured, dried, or smoked
meat).””-*® The Centers for Disease Control and Prevention
also recommends reducing risk from the environment (e.g.,
avoid drinking untreated drinking water, wear gloves when
gardening to avoid contact with soil that may be contaminated
with oocysts excreted by infected cats, avoid changing cat litter,
and keep cats indoors).?®

The 11-year decline. In this study, toxoplasmosis deaths
declined substantively over an 11-year period from 2000 to
2010. This overall decline is consistent with a similar decline
in the prevalence of toxoplasmosis infections observed in
another study of US-born individuals.?® Parallel to this mor-
tality trend (with some overlap), toxoplasmosis hospitaliza-
tions have also declined during the past 10-15 years (i.e.,
10,583 in 1995 versus 3,000 in 2008)."* The decrease in toxo-
plasmosis hospitalizations has been attributed, partially, to a
number of environmental and healthcare factors. For example,
the overall prevalence of viable 7. gondii in beef, chicken, and
pork from retail meat stores in the US was found to be very low
in a 2005 study’® and has been declining in humans and pigs*;
this lowering of 7. gondii contamination of the meat supply
may be the result of enhanced efforts by the meat production
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FiGure 2. Number of toxoplasmosis cases with and without HIV codiagnosis on the death certificates by year in the United States,

2000-2010.
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industry to reduce 7. gondii tissue cysts in meat.”’ Another
perhaps even stronger contributing factor was the introduction
and subsequent widespread use of antiretroviral therapy (e.g.,
HAART) to control HIV infection. The relationship between
HAART therapy and a decline in toxoplasmosis-related deaths
has been shown in the literature.>' Coupled to other efforts,
such as enhanced outreach and education of expectant mothers
(by physicians) and the public (by public health authorities),
this medical breakthrough likely helped reduce the absolute
number of fatal opportunistic infections among individuals
with HIV/AIDS. This is confirmed in our subgroup analysis,
where a lower annual percentage change in mortality rates was
observed for toxoplasmosis deaths that did not contain an HIV
codiagnosis compared with deaths that did (-4.0% versus
—18.4%; overall sample = —11.7%). However, another contrib-
uting factor may have been the advancement in anti-7oxo-
plasma therapy™>* and better use of chemoprophylaxis to
prevent reactivation or disease progression.*

Limitations. Although MCD data have several strengths
(e.g., population based and large sample size), there are a
number of notable limitations and constraints attributed to
abstracting information from NCHS death records.! First,
the ordering of the underlying and associated causes of death
on death certificates is dependent on the opinions of the
reporting physician or coroner, rarely providing insights into
how these conditions interacted and contributed to death. Sec-
ond, death certificates often contain errors and/or missing
information that are confounded by a variety of factors, includ-
ing quality of reporting. Accuracy of HIV reporting on death
certificates (or misclassification/failure to identify HIV involve-
ment on a death record), however, is inadequate. For example,
Hessol and others®® compared the reported cases through
national surveillance registry with the National Death Index
and found that approximately 9% of AIDS cases did not have
HIV infection or AIDS noted on their death certificates. Third,
MCD data are typically not linked to clinical information,
which often is required to provide context to the diagnosis and
see how disease risk, comorbidities, and social factors influ-
enced the chain of events leading to death. Fourth, using
MCD data as a primary data source to inform economic analy-
ses may limit the breadth and comprehensiveness of the cost
estimations. For instance, this analysis does not capture pro-
ductivity losses before death, costs attributed to treatment, or
business costs related to replacement of a deceased employee.

CONCLUSIONS.

Despite the observed decline in toxoplasmosis mortality
in the United States, the absolute number of deaths and
productivity losses attributable to this protozoan zoonosis
remained substantial during 2000-2010. Based on trend anal-
yses, the notable improvements to disease burden were pri-
marily related to the decline in cases associated with HIV
infection. The mortality trends for cases without an HIV
codiagnosis on the death certificate, for example, remained
static, suggesting that non-HIV-related toxoplasmosis, espe-
cially from foodborne sources, continues to be an important
cause of preventable death in vulnerable subgroups. Public
health surveillance and timely clinical management of this
condition remain critical for disease control and preven-
tion of the lethal consequences associated with this infec-
tious disease.
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