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Abstract

Guinea pigs are important reservoirs of Trypanosoma cruzi, the causative parasite of Chagas 

disease. Interestingly, captured colonies of T. infestans, the main vector of T. cruzi in the Southern 

Cone of South America, sporadically present with infection prevalence rates above 80%. Such 

high values are not consistent with the relatively short 7–8 week parasitemic period that has been 

reported in the literature. We experimentally measured the infectious periods of a group of T. 
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cruzi-infected guinea pigs with two methods: xenodiagnosis and direct microscopy, each 

performed weekly for a year. Another group of infected guinea pigs received only direct 

microscopy weekly, to control for the effect that inoculation by triatomine saliva may have on 

parasitemia in the host. We observed infectious periods longer than those previously reported in a 

number of guinea pigs from both the xenodiagnosis and control groups. While some guinea pigs 

were infectious for a short time, other “super-shedders” were parasitemic up to 22 weeks after 

infection, and/or positive by xenodiagnosis for a year after infection. This heterogeneity in 

infectiousness has strong implications for T. cruzi transmission dynamics and control, as super-

shedder guinea pigs may play a disproportionate role in pathogen spread.
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Chagas disease, a zoonotic and vector-borne disease, is one of the most important parasitic 

diseases in the Americas. The disease has several domestic and wild animal reservoirs [1,2], 

and different mathematical models have included domestic animal reservoirs in the 

transmission of Trypanosoma cruzi, the causative parasite of Chagas disease. Most of these 

models use population average parameters [3–5] or sample from aggregate measures [6] for 

inference on larger epidemiological processes. However, heterogeneity in transmission 

parameters is often an important component of vector-borne disease dynamics. 

Infectiousness is the “capacity of an infected host to transmit the pathogen following contact 

with a susceptible host [7]”, or with a vector in the case of vector-borne diseases. Inter- and 

intra-individual heterogeneity in infectiousness can have profound implications for 

emergence of disease, pathogen transmission dynamics and control strategies [1,8,9]. Super-

shedders, defined as individuals with the potential to be highly infectious, [10] can be 

disproportionately important in the emergence and maintenance of infectious diseases [9].

In Peru, guinea pigs (Cavia porcellus) are important reservoirs of T. cruzi [2–4,11,12], and 

Triatoma infestans is either the main or sole triatomine vector, depending on the area [12]. 

Some studies suggest that parasitemia in guinea pigs is detectable for only 7 to 8 weeks after 

T. cruzi infection [13–16]; such brief parasitemia would suggest limited transmission from 

guinea pigs to insect vectors. However, in our field observations, some T. infestans colonies 

collected from guinea pig pens have an infection prevalence greater than 80%, which 

supports prior observations that high rates of transmission can occur in these ecotopes [2].
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Xenodiagnosis and the evaluation of parasitemia by direct microscopy are two ways to 

experimentally assess host infectiousness. Importantly, saliva from a number of arthropod 

vectors has been shown to alter immune mechanisms in vitro. [17]. More recently, 

experiments performed by Mesquita et al. demonstrated that inoculating laboratory mice 

with the saliva of triatomine vector Rhodinus prolixus in the presence of T. cruzi 

significantly increases blood parasitemia [18]. These results suggest that exposing guinea 

pigs to triatomine saliva, as necessitated by xenodiagnosis, may affect the behavior of T. 

cruzi within its mammalian host. The objectives of the present study were to characterize the 

temporal patterns of infectiousness among T. cruzi-infected guinea pigs, and determine if 

these patterns are affected by exposure to vector saliva..

For T. cruzi infection we used Arequipa TC-35, a strain isolated in our Zoonotic Disease 

Field Laboratory in the city of Arequipa, Peru. This strain was isolated from a T. infestans 

(biological origin) collected in a guinea pig corral in La Joya, Arequipa (geographical 

origin). The feces from that T. cruzi-infected triatomine were inoculated intra-peritoneally 

into a female guinea pig. T. cruzi from the guinea pig’s blood was isolated and kept in LIT 

medium at 28oC since December 2008. The strain was typified at the Molecular Biology 

Lab for Chagas Disease at “Research Institute of Genetic Engineering and Molecular 

Biology Dr. Hector N. Torres”, Buenos Aires, Argentina and its discrete typing unit is TcI. 

Trypomastigotes were produced in cell culture with RPMI culture media, 10% FBS and 

cellular line LLC-MK2, and obtained from the culture supernatant, concentrated through 

centrifugation, and counted using a Neubauer chamber. We sourced 12 two-month old 

female Andean guinea pigs, weighing 650 to 750g, from a commercial farm. The Animal 

Use and Welfare Committee of Universidad Peruana Cayetano Heredia approved all the 

experiments and protocols related to these animals (Approval Identification Number 57822). 

Before experimental infection, we took baseline blood samples from each animal by 

saphenous venipuncture. The sera were tested for the presence of anti–T. cruzi antibodies 

using the enzyme-linked immunosorbent assay (ELISA) described elsewhere [13]. All the 

animals used in this study were determined to be negative for T. cruzi by ELISA. We 

inoculated all twelve guinea pigs through intraperitoneal injection, with 106 parasites in 100 

μL of RPMI medium. The guinea pigs were subsequently split into two group: 8 of the 12 

guinea pigs were subjected to both xenodiagnosis and parasitemia evaluation by direct 

microscopy, while the remaining 4 were only evaluated by direct microscopy.

To track infectiousness, every week over the course of a year, starting one week after 

parasite inoculation, we carried out xenodiagnoses. We carried out xenodiagnosis with 20 

fifth-instar nymphs of T. infestans to each guinea pig and allowed the insects to feed for 20 

minutes. Insects were evaluated for T. cruzi infection between 39 and 42 days after feeding. 

A few drops of triatomine rectal contents were obtained by applying pressure to the insect 

abdomen, and then diluted with saline solution and compressed between a glass slide and 

cover slip. The presence of mobile parasites in all microscopic fields of a 22mm x 22mm 

slide cover was determined at 400X magnification.

To evaluate parasitemia by direct microscopy, every week for a year, we collected blood 

from each animal by venipuncture in three heparinized capillary tubes, centrifuged the 

capillary tubes at 4,000 × g for 2 minutes, and extracted the buffy coat and spread it on a 
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slide. The amount of blood collected in each capillary tube varied between 33.9 to 35.8ul. 

We examined 100 fields on the slides by light microscopy to detect parasites. The number of 

parasites was expressed in terms of parasites per milliliter of blood. We evaluated 

parasitemia weekly during the first 27 weeks. We did not detect parasitemia in any animal 

after week 22; therefore, after week 27 we evaluated parasitemia every other week and 

stopped evaluating parasitemia at week 43.

The bar plots in figure 1 show the temporal patterns of infectiousness of the eight guinea 

pigs to T. infestans (xenodiagnosis). Infectiousness is expressed as the percentage of insects 

infected by feeding on a guinea pig at a given time after the start of the experiment. Guinea 

pigs 1, 6, and 7 were infectious to feeding vectors for one year after inoculation. Generally, 

the infectiousness of these animals was extremely high (≥ 75%) for the first 8 weeks post-

infection, and then oscillated (even dipping down to 0 some weeks) for the remainder of the 

year. Other guinea pigs, namely 3 and 4, became essentially noninfectious by week 12, with 

the exception of a couple isolated episodes of transmission. Guinea pigs 2, 5, and 8, died too 

early to characterize their long-term trends, though the persistently high infectiousness of 

guinea pig 5 (≥70%) for 23 weeks before death suggests a third pattern of persistent 

infectiousness with no or delayed oscillations. Figure 1 also shows the parasitemia of these 

animals, as evaluated by direct microscopy. The relationship between parasitemia and 

infectiousness varied in each guinea pig, though in each case, parasitemia as assessed by 

microscopy fell to 0 weeks before the animal ceased being infectious to vectors. Guinea pig 

6 displayed a particularly high discordance between infectiousness and parasitemia. The 

parasite count oscillated, with troughs to 0, which would suggest changing infectiousness 

over time. However, the animal was highly infectious (>75%) during that period.

To evaluate the potential effect of saliva on T. cruzi levels within its mammalian host, the 

eight infected guinea pigs examined by xenodiagnosis (and hence exposed to triatomine 

saliva) concurrently had their levels of parasitemia measured by direct microscopy, along 

with a control group of four T. cruzi-infected guinea pigs never exposed to triatomine saliva 

(not evaluated with xenodiagnoses). Figure 2 shows the temporal pattern of parasitemia of 

guinea pigs exposed and not exposed to triatomine saliva. Qualitatively, these patterns do 

not appear different between the two groups. Parasitemia was low during weeks 1 and 2 

post-inoculation (median = 28 parasite/ml; Inter-Quartile Range = 0–72), increased 

substantially between weeks 3 and 7 (median = 1,032 parasites/ml; IQR = 206–5,749), and 

then declined fast so that between weeks 8 and 10, the median was 0 parasites per ml (IQR = 

0–28). Between weeks 11 and 43 parasitemia remained very low (median = 0 parasites/ml, 

IQR = 0–0) with a few weeks in which some animals showed values above 0. While most 

animals ceased being parasitemic between weeks 9 and 15, we observed prolonged 

parasitemia (up to weeks 20–22) in one guinea pig exposed to triatomine saliva and in two 

guinea pigs not exposed to triatomine saliva (Figure 2). Among the animals not exposed to 

triatomine saliva only one guinea pig, which was parasitemic between weeks 1 and 7, died at 

week 20.

Also in figure 2, it is important to note that shortly after inoculation, direct microscopy is 

very useful to detect infection – and infectiousness – in guinea pigs, but this usefulness 

decreases rapidly after week 7 post-infection, and becomes useless (sensitivity zero or close 
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to zero) after week 16. After week 22, direct microscopy was unable to detect any infectious 

animal, even though 3 out of 5 were infectious for 30 more weeks, as determined by 

xenodiagnosis. Overall, there was a moderate correlation in the results obtained by 

xenodiagnosis and direct microscopy. The Spearman correlation between these two values 

in the eight guinea pigs receiving both evaluations was 0.79, and ranged individually from 

0.56 to 0.87.

In this experiment we evaluated the temporal patterns of infectiousness of 12 guinea pigs for 

a year after T. cruzi infection, with 8 receiving xenodiagnosis and parasitemia evaluation by 

direct microscopy, and 4 subject to direct microscopy alone. While some guinea pigs ceased 

being parasitemic or infectious 10 to 16 weeks after infection, others were infectious for a 

much longer period. These super-shedders include 3 animals that were parasitemic 20 to 22 

weeks after infection, and 3 animals that were positive by xenodiagnosis a whole year after 

infection (5 animals total, with 1 overlap). This wide range of values suggests a high degree 

of heterogeneity in the infectious period of T. cruzi infected guinea pigs. The extreme 

variation in infectiousness and parasitemia observed in twelve animals suggests that at least 

the same degree of heterogeneity would likely be present in a larger experimental group. 

Also, we used only one high infective dose to increase the chances of infection in each of 

the experimental animals. However, a variety of low and high doses could have produced 

different infectiousness patterns.

Our results differ from those of Castro-Sesquen et al. [13], who observed parasitemia of 

Trypanosoma cruzi in guinea pigs between day 15 and 55 (only up to 8 weeks) post-

infection. The objective of their study was to develop an animal model for human pathology; 

therefore, parasitemia was evaluated to differentiate acute and chronic phases, and central 

tendencies of inflammatory and immunological markers were evaluated in those phases in 

72 guinea pigs. One notable methodological difference between their experiment and ours is 

that, in addition to directly monitoring parasitemia in all guinea pigs by the hematocrit 

method, we also evaluated the infectiousness of a subset of guinea pigs by xenodiagnosis, 

exposing some guinea pigs and T. cruzi to triatomine saliva. We found no evidence that 

exposure to triatomine saliva prolongs parasitemia, since we observed extended parasitemia 

not only in guinea pigs subjected to xenodiagnosis, but also in guinea pigs never exposed to 

triatomines. A second, and perhaps more significant, difference is that, for experimental 

infection, we used Arequipa strain TC-35, a strain isolated in our lab in 2008, while Castro-

Sesquen et al. used Y strain, an older strain that has been suggested to have undergone loss 

of virulence since at least 1997 [19]. The strain-dependence of parasitemia duration is 

supported by Basombrio [14], who found that 10% of guinea pigs infected with the 

Tulahuen strain exhibited high and persistent parasitemia. These results may be explained by 

the Tulahuen strain’s faster growth rate and greater resistance to oxidative stress over the Y 

strain [20].

Guinea pigs have long been recognized as important reservoirs of T. cruzi [2,12]. The high 

degree of heterogeneity we observed in the duration and patterns of infectiousness could 

have important consequences for the transmission dynamics of T. cruzi. The 20/80 rule [8] 

suggests that 20% of the infected population contributes at least 80% of the parasite 

transmission. This ratio suggests that control programs would be highly efficient if they 
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targeted that 20% of the host population. Our results suggest the possibility of the presence 

of super shedders in guinea pig populations, and under specific circumstances it is possible 

that these highly infectious animals would produce ‘superspreading’ events [10]. Lloyd-

Smith et al. [9] highlighted the importance of individual variation in disease emergence. In 

the fine-scale system of triatomine vectors and small mammals, such variation could mean a 

sharp rise of T. cruzi infection levels in vector colonies. The production system of guinea 

pigs in the Andes is based on small household breeders with backyard corrals that contain 

few individuals [21]. In areas with triatomine infestation, discrete colonies of T. infestans 

are found associated with these corrals, and can be isolated enough to be considered demes. 

The guinea pigs found in those corrals, if infected, could exhibit any of the distinctive 

patterns of infectiousness we observed in our experiment, and might create very different 

transmission dynamics between different T. infestans colonies. In addition, guinea pig 

population dynamics, such as those imposed by slaughter during guinea pig roasts, can also 

impact transmission dynamics and even promote ‘superspreading’ events by increasing the 

contact rate between super-shedder hosts and triatomine vectors [10,22].

Despite the importance of guinea pigs in T. cruzi transmission, little efforts have been made 

to focus control measures on these animals. Galvani and May [23] assert that “control 

measures require better knowledge of variability in individual infectiousness.” For Chagas 

disease, a complex system with several animal species reservoirs, understanding such 

heterogeneities will inform control strategies. Lloyd-Smith et al. emphasized [9] that it is 

important to find predictive factors of higher infectiousness. We found a high degree of 

heterogeneity in infectiousness, but we did not look for host or strain intrinsic factors 

associated with this variability. Nor did we include variability in age, sex, or body condition 

of the hosts, all of which are factors that have been associated with variability in 

infectiousness [24]. Genetic differences and differences in behavioral avoidance have also 

been associated with infectiousness heterogeneity [24,25], but given the study design, we 

could not assess the influence of these parameters. Isolated studies have tried to find 

strategies to prevent infection in guinea pigs without taking into account individual 

infectiousness. In 1990, Basombrio reported partial protection of an experimental vaccine to 

prevent T. cruzi infection in guinea pigs [14] and more recently Basso et al. reported cross 

protection with a T. rangeli-based vaccine [16]. Levy et al. (2006) used insecticide-

impregnated nets to protect guinea pigs from triatomine bites and Schwarz et al. [26] 

developed an immunoassay to detect exposure of guinea pigs to triatomine saliva and 

determine the efficacy of impregnated nets. These new tools for control and surveillance 

could have more impact if paired with information about infectiousness.

Our results suggest that triatomine saliva does not play a role in lengthening the duration of 

parasitemia, at least in guinea pigs, but it might play an important role in other aspects of the 

transmission of T. cruzi. We also found direct microscopy to be highly dependent on the 

time since infection and insensitive in detecting T. cruzi several weeks post-infection, 

compared to xenodiagnosis. Xenodiagnosis is a better tool for longitudinal studies of 

infectiousness and high variability of infectiousness was observed in an experimental group 

of guinea pigs. Such variability might be related to T. cruzi strain and idiosyncratic immune 

response and could be present in guinea pig populations.
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HIGHLIGHTS

• Some guinea pigs infected with T. cruzi are infectious for up to a year.

• Prolonged T. cruzi parasitemia detected by microscopy occurred in a fraction of 

guinea pigs.

• Super-shedder guinea pigs might be related to high T. cruzi levels in triatomines.
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Figure 1. 
Patterns of infectiousness heterogeneity as assessed through infection of insects 

(xenodiagnosis) and parasite counts (microscopy) among eight guinea pigs (GP).
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Figure 2. 
Parasitemia levels assessed by direct microscopy. Each line represents the trajectory of mean 

parasitemia from three capillary tubes of one animal. Disjoint lines represent weeks in which 

the parasitemia could not be evaluated. Parasitemia levels measured after week 22 were 0 

for all animals and not shown in the graph.
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