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Abstract.

We report Trypanosoma cruzi infection rates of the native kissing bug Triatoma protracta in southern

California. The rates are within the historically reported range, but differ significantly between the two sites (19% in
Escondido and 36% in Glendora). Identification of 7. cruzi in T. protracta was conducted for the first time by using partial
18S ribosomal RNA and 24So ribosomal RNA sequences. Incongruence of 24Sa ribosomal RNA phylogeny with current
T cruzi genotype classification supports non-clonality of some 7. cruzi genotypes.

Chagas disease is caused by the protozoan parasite
Trypanosoma cruzi, which is transmitted by Triatominae or
kissing bugs (Insecta: Hemiptera: Reduviidae). An estimated
9.8 million persons are infected with this disease, and 40 mil-
lion are at risk in Latin America.! Transmission, although
apparently rare, also occurs in the southwestern United States,
as indicated by six autochthonous transmission cases since
1955, including one in California. Surveillance of 7. cruzi infec-
tion rates among local populations of Triatominae is therefore
critical for assessing the public health risk.

Several species of Triatominae are native to the United
States, with Triatoma protracta (Uhler) being the most com-
mon of the three species endemic to California. Triatoma pro-
tracta is widespread in California and host specific to woodrats
(Neotoma spp.), which nest in middens found in a wide range
of natural habitats. Human bites by 7 protracta in houses occur
when T protracta is attracted to lights on warm evenings.? The
low incidence of autochthonous 7. cruzi transmission may
be explained by the transmission inefficacy of endemic kiss-
ing bugs, especially 7. protracta,’ but also by limited contact of
humans with the vectors, or low infection rates of kissing bugs
with 7 cruzi. Autochthonous transmission in the southwestern
United States is rare, although studies based on blood bank
screenings and serosurveys suggest undiagnosed cases.** Such
cases remain unverified but suggest the need of constant mon-
itoring. A recent study in Arizona showed that a much higher
infection rate was found in T. rubida (Uhler) compared with
rates in historical surveys, which suggests temporal variability
with regards to infection rates.®

Large-scale surveys of 7. cruzi infection rates of local 7. pro-
tracta populations in California have not been conducted since
the 1980s. To test for the potential of autochthonous Chagas
disease transmission in southern California, we measured
infection rates with 7. cruzi among two populations of 7. pro-
tracta bordering the large population centers of Los Angeles
and San Diego.

We additionally developed a polymerase chain reaction
(PCR)-based method primarily to identify 7. cruzi and its
genotypes in Triatominae. Several genotypes (also referred to
as natural clones or major lineages) of T. cruzi are associated
with different host lineages. In the United States, genotypes
Tcl and TcIV occur exclusively in marsupials (opossums) and
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placental mammals (e.g., raccoons), respectively.” Different
genotypes are also known to result in differences in clinical
manifestations of the disease.® Genotyping of trypanosome
isolates is therefore an important endeavor, and we use the
most recent 7. cruzi genotype nomenclature.’

Specimens were collected using light traps (ultravio-
let and mercury vapor) in Escondido (San Diego County;
33°12'44.9994"N, 117°5"36.9954"W, elevation = 405 meters)
and Glendora (Los Angeles County; 34°9'59.364"N,
117°50'18.204"W, elevation = 391 meters), California. The sites
are located at a suburban residence (Escondido) or less than
1 km from a suburban residence (Glendora). A total of 161
specimens (Escondido = 139 and Glendora = 22) were col-
lected over an eight-week period (June—September 2008). All
specimens were identified as 7. protracta and entered into a
database (collecting and dissection data). Voucher specimens
were submitted to the Entomology Research Museum at the
University of California, Riverside.

Abdominal contents of live specimens were examined
according to the protocols of Westenberger and others.!
Microscopic examination served as the basis for determining
the infection rates. The average infection rate of T. protracta
with 7. cruzi was 21.1%, and there were a significant differ-
ence between the two populations (Glendora = 36.4% and
Escondido = 18.7%) (Table 1).

We used a rapid method to identify 7. cruzi based on ampli-
fication and sequencing of partial 18S and 24So. ribosomal
genes.! Instead of identifying the trypanosomes only on the
basis of size polymorphisms of the amplicons, we sequenced
the PCR products and phylogenetically analyzed the
sequences. DNA was extracted by using the DNeasy Blood
and Tissue Kit (Qiagen, Valencia, CA). The PCR parameters
were those of Souto and others.'? The PCR amplification used
primer pairs Tcz18Sf (5-TTAACGGGAATATCCTCAGC,
which was designed during this study) and TczS829r'* and
yielded a 440-basepair fragment of the 18S ribosomal RNA.
Primers Tcz24S-D71 and Tcz24S-D72'? were used to amplify
a 110-basepair fragment of the 24Sa ribosomal RNA gene.
Twenty 18S DNA sequences and two 24So. DNA sequences
were analyzed.

Sequences were aligned with sequences from GenBank by
using MAFFT (G-INS-i default settings).!* With each set of
sequences, all phylogenetic approaches used (parsimony, max-
imum likelihood, and Bayesian) identified parasites from both
localities as T. cruzi (Figures 1 and 2 represent the Bayesian
and maximum likelihood analyses, respectively; trees gener-
ated by other methods are not shown). The 18S rRNA gene
fragment was too conserved to differentiate between 7. cruzi



T. CRUZI INFECTION RATES AND IDENTIFICATION

TaBLE 1
Infection rates for Triatoma protracta, southern California

Characteristic Glendora Escondido P
No. T protracta 22 139
No. (%) Trypanosoma cruzi
infected 8 (36.4)* 26 (18.7)  0.000911

*Significantly different with respect to the mean at the 5% level by chi-square test.

genotypes (Figure 1) and showed only seven single nucleotide
polymorphisms from 427 positions (variability = 1.64%). The
24So fragment was more informative for genotyping (63 poly-
morphisms from 103 positions, variability = 61.17%). The 24So.
gene phylogeny (Figure 2) places the isolates from southern
California in a clade that comprises members of the Tcll and
TcVI genotypes, although the relationships within this clade
were not resolved.

Our study presents an updated report of infection rates
of two T. protracta populations with 7. cruzi in southern
California and provides the first molecular identification
of T cruzi in this region. Infection rates differ significantly
between the two populations, but overall are comparable with
those in historical data. Previous studies of infection rates in
California were predominantly conducted by Sherwin F. Wood
(1930s-1960s); these infection rates ranged typically from 20%
to 30%." A recent study of infection rates of T. protracta from
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Escondido in southern California was based on only 20 speci-
mens, four (20%) of which were positive by PCR detection.?
Our study, which was based on a larger sample size, shows vir-
tually identical prevalence for Escondido (19%), but a much
higher infection rate for Glendora (36%), which indicated
that infection levels of 7. protracta may show significant geo-
graphic variation.

All phylogenetic analyses of the 24So. dataset found the
isolates from California to be closely related to the TcIl and
TcVI group members. This result was unexpected because
neither of these groups has been previously reported in
North America. In addition, none of the TcII, TcIV, TcV, and
TcVI groups was recovered as monophyletic in our study
(Figure 2), which indicated that the current classification
may not fully reflect relationships of the 7. cruzi genotypes.
Our results lend support to the prevailing view that different
T cruzi genotypes may not be strictly clonal, especially with
the recognition that several genotypes are actually hybrids
(Figure 2) or suspected to be hybrids.” Further investiga-
tions are needed to establish the relationships of 7. cruzi in
southern California with the remaining major lineages of
this species. We recommend use of identification techniques
using DNA sequences for the added advantage of provid-
ing nucleotide information that is valuable for documenting
genetic variation within 7. cruzi from different geographic
regions.
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FIGURE 1.
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Bayesian 50% majority-rule consensus phylogeny of Trypanosoma cruzi in southern California based on partial 18S ribosomal RNA

sequences. A total of 20 sequences (GenBank accession numbers GU594166-59416685) were obtained in this project. The remaining sequences
were retrieved from GenBank with accession numbers listed. Numbers above branches indicate posterior probabilities. The analysis was performed
by using MrBayes (CIPRES portal) with generalized time reversible + I + I model parameters. A total of 2 million generations were conducted
with temperature settings at 0.2. A sampling frequency of 1,000 and a burn-in at 25% of the sampled trees were set for final tree production. This

figure appears in color at www.ajtmh.org.
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