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Abstract. Inapparent infections ofrypanosoma cruzi were detected in symptomless seropositive people liv-
ing in close proximity, and under the same conditions of risk, to patients with acute Chagas disease. Similar
infections were also detected in sera samples of people from 25 villages of western Venezuela where Chagas
disease is endemic. Seropositivity in all the 1,251 studied samples was established by use of 3 serological
methods (direct agglutination test, indirect immunofluorescence antibody test, and enzyme-linked immunosorbent
assay). Each seropositive sample was tested for detection ofTantizi—specific immunoglobulin (Ig) M and
IgG levels and specifid. cruzi infection by molecular methodology (polymerase chain reaction assay). The
combined analysis of the serologic (IgM and IgG levels), molecular (spe€ificruzi DNA), and statistical
findings demonstrated the existence of a different stageé afuz infection in asymptomatic patients, which is
suggested to be recognized as inapparent infection. Its definition, significance, and comparison with typical
Chagas disease phases are presented, and its potential epidemiological importance is discussed.

INTRODUCTION MATERIALS AND METHODS

Charles Nicollé was the first to demonstrate inapparent Patients. Two groups of patients were considered; one
infections when he discovered that infectious diseaseswas made up of 73 asymptomatic people living in close
were often accompanied by symptoms that were inappar- proximity to 14 patients with acute Chagas disease. These
ent to both the practitioner and the patient. The realization acute cases were detected during 1994—-1996 as part of a
that inapparent infections occurred frequently revolution- study carried out in areas of western Venezuela where Cha-
ized ideas about infectious diseaseBhis phenomenon  gas disease is endendidn a previous repoi,each acute
was new to epidemiology, and Nicolle used the word case was clinically, seroparasitologically, biochemically, and
“asymptomatic” to contrast this with symptomatic infec- epidemiologically characterized. The asymptomatic group
tion.? The author also stressed that the inapparent infec-included all the people living in the same area as each de-
tion was biologically similar to the patent disease with tected acute case (Table 1). This group was composed of 44
regard to its natural course, transmissibility, or ctire. men (60.3%) and 29 women (39.7%), with a male to female

Nicolle’s concept is now accepted in epidemiology and sex ratio of 1.5:1, and a mean standard deviation age of
is closely linked to current ideas about zoonoses. More- 24.5 = 16.3 years (range, 1-66 years). The second group
over, it is difficult nowadays to find examples of diseases was made up of 1,178 people from 25 villages of the states
that are not accompanied by inapparent infections. Theseof Barinas it = 194), Cojedesr( = 81), Falcon i = 258),
include viral, bacterial, and parasitic infections in both Merida (O = 192), and Portuguesa (= 453) of western
animals and humartsln relation to inapparent infections Venezuela where Chagas disease is considered to be endem-
of Trypanosoma cruzi, Garnham foresaw its presence and ic.2 This group was composed of 492 men (41.8%) and 686
suggested that this stage may be considered in the generalvomen (58.2%) with a male to female sex ratio of 0.7:1,
context of Chagas disease. He said that although there wasand a meant standard deviation age of 275 18 years
no doubt about the clinical manifestation of the disease, (range, 1-87 years).
he suspected that there were also people with inapparent Written consent from all the patients who entered the pro-
infection. tocol or from their representative was obtained before the

Here, we deal with the detection of inapparent infection study plan and sample collection was carried out. The study
of T. cruzi in symptomless people living in the proximity was approved by the Biomedical Committee of the National
of acute cases and under the same conditions of risk. InResearch Council in Venezuela, and the professional medical
addition, the rate of occurrence of inapparent infections science committee of the University of Los Andes, Merida,
was estimated in samples taken from people who said theyVenezuela.
had never experienced symptoms attributabld t@ruzi Sample collection and processing. Samples consisted of
infection. The study was carried out from 1995-1999 on peripheral blood obtained by venipuncture from each patient
1,251 human sera samples taken in 25 villages located infor routine parasitologic and serologic testing. The parasi-
5 states of western Venezuela where Chagas disease isologic methods used were hemoculture and xenodiaghosis.
endemic. The diagnosis was made by use of serological The serologic tests used to detect circulating anteruz
criteria to differentiate inapparent infections from acute antibodies were a direct agglutination test (DAT) with 2-
and chronic cases, and a molecular tool (polymerase chainmercaptoethanol, an indirect immunofluorescence antibody
reaction, or PCR) to corroborate the presencd .ofruzi test (IFAT), and an enzyme-linked immunosorbent assay
infection. (ELISA). Conditions and procedures for serologic and par-
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TaBLE 1
Detection of patients with inapparent infection who lived in close proximity to patients with acute Chagas disease*

No. of people Ig levels
living close to Serologic diagnosis Detection of infection
acute-phase Seropositive, n in symptomless
Code acute patients DAT IFAT ELISA (%) IgM 19G patients
7-94 9 - + + 2 (22 1:512 1:32 Acute
- + + 1:256 1:32 Inapparent
10-94 7 - - - — - -
11-94 7 - - - - - -
8-95 6 + + + 1 (16) 1:256 1:256 Inapparent
20-95 9 + + + 1 (11) 1:32 1:256 Inapparent
10-96 3 + + + 3 (100) 1:256 1:1,024 Chronic
+ + + 1:1,024 1:256 Acute
+ + + 1:32 1:2,048 Chronic
12-96 3 + + + 1 (33) 1:512 1:128 Acute
17-96 6 + + + 4 (66) 1:32 1:512 Chronic
- + + 1:64 1:64 Inapparent
+ + + 1:32 1:128 Inapparent
+ + + 1:128 1:16 Inapparent
20-96 2 - + + 1 (50) 164 1:32 Inapparent
23-96 8 - + + 2 (25) 1:16 1:16 Inapparentt
- + + 1:128 1:64 Inapparent
24-96 3 - + + 1 (33) 1:64 1:32 Inapparent
25-96 4 - - - — - -
26-96 3 - - - - - -
27-96 3 + + + 2 (66) 1:32 1:512 Chronic
+ + + 1:64 1:16 Inapparent
Total 73 11 (61) 100 100 18 (24.6)

* DAT = direct agglutination test; ELISA = enzyme-linked immunosorbent assay; IFAT = indirect immunofluorescence antibody test; Ig = immunoglobulin.

1 Became symptomatic 3 months after detection of inapparent infection.

asitologic methods have been provided elsewhere.® Titers =
1:64 for the DAT and IFAT and an optical absorbance = 0.2
for the ELISA were considered positive for infection by T.
cruzi. Patients were considered seropositive when they
showed reactivity in at least 2 of the 3 serological tests. In
addition, samples from seropositive patients were processed
for detection of anti-T. cruz-specific immunoglobulin (I1g)
M and G levels by means of IFAT.* For quantitation of IgM
and 1gG levels, we used serum dilution from 1:2 to 1:4,096
for each patient exposed to anti-human IgM (1:16) and 1gG
(1:32) fluorescein isothiocyanate (Sigma Chemical Compa-
ny, St. Louis, MO).

Diagnostic criteria. To establish the IgM and IgG levels
as diagnostic criteria, previous measurements were made
with patients with acute and chronic phases of Chagas dis-
ease. Clinical, parasitologic, serologic, and molecular status
of these patients have been published elsewhere35 In both
acute- and chronic-phase patients, IgM and 1gG levels were
determined by the same methodology as indicated above.
Acute-phase patients were characterized by high IgM levels,
which statistically correspond to titers from 1:512 and up
(range, 1:512 to 1:4,096). This contrasted with patients with
chronic Chagas disease, who had high IgG levels (= 1:512)
and low IgM levels up to 1:256 (range, 1:2 to 1:256). The
cases were then grouped according to the following criteria.
Acute-phase patients were seropositive to T. cruzi with high
specific anti-T. cruzi IgM (= 1:512) and low IgG (up to 1:
256) levels. Chronic-phase patients were seropositive with
low IgM (up to 1:256) and high 1gG (= 1:512) levels. Symp-
tomless seropositive people had low IgM and low 1gG (up
to 1:256) levels, and they were considered to have inappar-
ent infection.

Molecular diagnosis. To corroborate the presence of the

T. cruzi genome in those seropositive people considered to
have inapparent infections (low IgM and 1gG levels), 47 sera
samples (50 pL) taken at random from the total number of
people (111) in this condition were processed by PCR assay.
Each 50-pL sample was incubated 15 min at 65°C in 1X
Tag polymerase buffer without Mg** and 2 pL proteinase
K 20 mg/mL, followed by incubation at 95°C 15 min. Cel-
lular debris was spun down by centrifugation in an Eppen-
dorf centrifuge for 5 min. Three microliters of this super-
natant were used for PCR assay. Conditions for amplification
and hybridization have been previously described.>¢
Statistical analysis. This consisted of a comparison of
PCR as the gold standard test and the DAT, IFAT, and ELISA
as aternative tests in people from endemic areas for Chagas
disease in western Venezuela. For the analysis, only those
samples from people with inapparent infection were consid-
ered. The comparison between any methodological pair in-
cluded estimation of sensitivity, specificity, positive predic-
tive value, negative predictive value, observed agreement,
expected agreement by chance, kappa coeficient” with the
standard error, Z statistics, and P value. All these values
were calculated by Epi Info 6.04.8 Pairwise correlation be-
tween IgM, 1gG, and age was computed by Kendall’s rank
correlation tau® with S-Plus statistical software.°

RESULTS

Detection of inapparent infections of T. cruz in close
proximity to acute cases of Chagas disease. Serologic tests
carried out to discover the status of T. cruz infection in 73
people who lived in close proximity to the 14 selected pa-
tients with Chagas disease in its acute phase revealed 24.6%
(18 of 73) seropositivity. The established criteria to quantify
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TABLE 2
Discrimination of clinical conditions based on anti-Trypanosoma cruzi-specific immunoglobulin M and G levels in asymptomatic people from

endemic areas of Chagas disease in Venezuela

Clinical condition*

No. of Seropositive, n Acute, n Chronic, n Inapparent, n
Venezuelan state sampled people (%) (%) (%) (%)
Barinas 194 50 (25.7) 5 (10) 15 (30) 30 (60)
Cojedes 81 25 (30.8) 1 (4) 18 (72) 6 (24)
Falcon 258 4 (1.5) - 3 (75) 1 (25)
Merida 192 14 (7.3) - 6 (42.8) 8 (57.1)
Portuguesa 453 88 (19.4) — 22 (25) 66 (75)
Total 1,178 181 (15.3) 6 (3.3) 64 (35.4) 111 (61.3)

* Clinical condition was assessed according to immunoglobulin (Ig) levels. Acute indicates high IgM and low IgG. Chronic indicates high 1gG and low IgM. Inapparent indicates low IgM

and low IgG. See the text for level definitions.

IgM and 1gG levels allowed us to detect from this asymp-
tomatic group 3 acute (16.7%), 4 chronic (22.2%), and 11
(61.1%) inapparent infections. Details of the proportion of
infected people detected and the respective IgM and 1gG
levels of the symptomless people are shown in Table 1. No
blood-circulating trypomastigotes of T. cruzi were detected
in any patient when xenodiagnosis and hemoculture were
performed.

Estimation of inapparent infection of Trypanosoma
cruz in areas endemic for Chagas disease in Venezuela.
From 1,178 people sampled in endemic areas, 181 (15.3%)
were seropositive for T. cruz. The quantification of anti—T.
cruzi specific Ig titers revealed people with asymptomatic
acute infections (3.3%) and others in the chronic stage
(35.4%) of Chagas disease, judging by their high IgM and
1gG levels, respectively. Similarly, the presence of inappar-
ent infection was shown in 111 (61.3%) people who claimed
that they had never experienced any clinical symptoms at-
tributable to T. cruz infection, and in whom low levels of
specific IgM and 1gG (from 1:2 to 1:256) were detected.
Table 2 gives details of the estimation of clinical condition
on the basis of the measurements of specific IgM and 1gG
levels in patients from 5 states of western Venezuela. The
frequency distribution according to Ig level is shown in Ta-
ble 3.

Molecular findings in people with inapparent infec-
tions. We carried out a T. cruz-specific PCR assay in sera
samples of 47 people with inapparent infection. This assay
amplified 130 bp within the ribosomal spacer of the parasite.
Figure 1 shows some of the positive samples, which showed
a strong PCR signal with the expected band size, whereas
the negative control showed no signal at all.

Statistical analysis. Statistical analysis showed that se-
rological methods were very reliable, as indicated by the
high level of concordance between the methods (> 0.85),
high sensitivity (0.80-0.93), and the high specificity (100),
as well as the substantial agreement when compared with
PCR assay as a gold standard test (k, 0.66-0.85; Z, 5.35—
6.76; P < 0.0001). In Table 4, details are provided of the
results obtained when serological techniques, (DAT, IFAT,
and ELISA) used as alternative tests were compared with
the PCR assay (the gold standard test). According to Ken-
dall’s rank correlation tau, no statistical significance was ob-
served between the IgM and 1gG levels and the IgM level
and the age of infected people (P > 0.50). However, the
same analysis revealed a high correlation between 1gG level
and the age of infected people (P < 0.001).

DISCUSSION

In the present study, 1,251 people—73 living in close
proximity to patients with acute Chagas disease and 1,178
from rural villages of western Venezuela—were serological-
ly examined to detect circulating anti-T. cruzi antibodies.
From the total samples tested, 199 (15.9%) satisfied the es-
tablished criteria to be considered positive to T. cruz infec-
tion—that is, the coincidence of the 3 serologic methods
used for diagnosis. The high confidence level provided by
statistical analysis of the results suggests that seropositive
people have had previous contact with T. cruzi. However,
according to their own testimony at the time of sampling,
they had never exhibited symptoms attributable to Chagas
disease, suggesting the presence of inapparent or occult in-

TABLE 3
Frequency distribution of clinical condition of patients with Chagas disease from different localities according to immunoglobulin (1g) levels

1gG
IgM 1:16 1:32 1:.64 1:128 1:256 1:512 1:1,024 1:2,048
1:8 0 0 0 0 0 1 0 0
1:16 6 7 8 6 4 6 6 0
1:32 3 8 8 14 7 19 10 1
1:64 4 7 4 4 6 7 8 0
1:128 4 3 0 3 3 5 1 0
1:256 0 0 1 0 1 0 0 0
1:512 0 1 1 0 0 1* 0 0
1:1,024 0 1 1 0 0 1* 0 0

* These patients were classified as |late acute-phase cases.
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Ficure 1. Trypanosoma cruz species-specific polymerase chain reaction (PCR) assay in sera samples of patients with inapparent infection
from endemic areas for Chagas disease in western Venezuela. A. Ethidium bromide-stained gel showing PCR amplification products. Lanes
1-8 and 12-16 indicate sera samples from people with inapparent infection. Lanes 9 and 19 indicate sera from noninfected people, which
were used as negative controls. Lanes 11 and 22 indicate the product of PCR assay on T. cruzi-purified DNA used as positive control. Lane
17 indicates serum from an acute-phase patient with Chagas disease. Lane 18 indicates serum from a chronic-phase patient with Chagas
disease. Lane 20 indicates negative control for reagents. M = molecular weight marker. B. Southern blot transfer of gel shown in A after

hybridization with a T. cruzi-specific probe.

fections. These findings support previous statements that
most people with T. cruz infection are asymptomatic.*
We aso insist on the importance of distinguishing be-
tween patients with real inapparent Chagas disease and those
who were oligosymptomatic or who had minimal symptom-
atology. In this regard, the quantification of anti-T. cruz-
specific IgM and 1gG levels in the 199 seropositive and
symptomless patients allowed us to group them into 3 cat-
egories, as follows. First are patients with high IgM and low
1gG levels, representing 4.5% (9 of 199) of the seropositive
group. This group had IgM levels similar to those found in
59 confirmed acute chagasic cases, previously reported in

the same study region,® and to those reported from endemic
areas in Bolivia.*? These are the kind of patients who, despite
having blood-circulating parasites, do not show any symp-
toms attributable to T. cruz infection.®*® This fact on the
one hand may suggest the possibility of indoor human-to-
human transmission when domiciliar triatomine insects are
present, and on the other hand, may lead us to consider
asymptomatic infected people as potential intradomiciliar T.
cruzi reservoirs. Second is the group of patients comprising
68 asymptomatic people (34.2%) with high 1gG but low IgM
levels. These levels were similar to those detected in a group
of chronic patients who were followed up from the time they

TABLE 4
Comparison of diagnostic methods in people with inapparent infection using polymerase chain reaction as the gold standard*

Alternative test

Variable DAT

IFAT ELISA

Sensitivity (95% CI)

Specificity (95% CI)

Positive predictive value (95% ClI)
Negative predictive value (95% CI)
Observed concordance

Expected concordance by chance
Kappa coefficient (standard error of k)
z 5.19
P value 0.0

0.851852
0.557613

80.5 (64.9-90.6)

100 (71.1-100)
100 (87—100)

61.9 (38.7-81)

0.666116 (0.128225)

85.4 (70.1-93.9) 92.7 (79-98.1)
100 (71.1-100) 100 (71.1~100)
100 (87.7-100) 100 (88.6-100)

68.4 (43.5-86) 81.3 (53.7-95)
0.883889 (0.944444)
0.576816 (0.605624)

0.737439 (0.131308) 0.859130 (0.134726)
5.62 6.38
0.0 0.0

* Acute- and chronic-phase patients were excluded for this analysis. CI = confidence interval; DAT = direct agglutination test; ELISA = enzyme-linked immunosorbent assay; IFAT =

indirect immunofluorescence antibody test.
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were in the acute phase.® This fact reveals that asymptomatic
people with the serologic profile characteristic of chronic
chagasic patients appear to be more frequent than previously
believed, reaching one third of the detected seropositive pop-
ulation in our study. Third are those patients with low IgM
and low IgG levels, representing the highest proportion
(61.3%) of the 199 people that resulted seropositive for T.
cruzi. The T. cruzi-infected people (or in the case of infected
children, their representatives) denied ever having experi-
enced clinical symptoms associated with Chagas disease be-
fore they were sampled.

Information gathered in the present work makes it possi-
ble to identify people exposed to risk conditions in chagasic
areas who are asymptomatic from the clinical point of view,
and who test negative in parasitologic examination but are
seropositive for T. cruzi with low anti-T. cruz-specific IgM
and 1gG levels (as with inapparent infections), representing
those people identified as healthy carriers. For a high con-
fidence level in identifying an inapparent infection in a pa-
tient, this must be demonstrable by a much more specific
and sensitive methodology such as PCR, as in the present
study, with 47 randomly chosen samples.

The above makes it possible to distinguish the typical de-
scribed phases of Chagas disease in symptomless people and
to distinguish them from inapparent infection. This includes
the following. 1) Acute-phase asymptomatic patients, char-
acterized by seropositivity to T. cruzi and the presence of
high IgM and low 1gG levels. These patients are obviously
experiencing a recent infection and need to be treated to
avoid further clinical complications. 2) Chronic-phase
asymptomatic patients, seropositive to T. cruz, with high
specific 1gG and low IgM levels. These patients have ex-
perienced and overcame an occult acute episode and need to
be checked by methods other than electrocardiogram, which
is unable to detect cardiac problems at this stage.® 3) Real
inapparent infection. This is detected in symptomless people
when serologica diagnosis gives positive results to T. cruz
accompanied by low IgM and IgG levels.

Obviously, the stages for Chagas disease described above
in symptomless people reveal a well balanced host-parasite
relationship, which may lead to confusion if the analysis is
not sufficiently sensitive. However, when anti-T. cruz-spe-
cific Ig levels are examined, it is possible to discriminate
between these asymptomatic forms, as described above. This
differentiation is particularly important in that the higher the
IgM levels, the nearer the cause of the infection. This infor-
mation would be useful to detect recently infected people
and to control the mode of transmission both by vector and
blood transfusion.

The results given in the present work demonstrating dif-
ferent phases of Chagas disease in asymptomatic people
have added to the recent proposal of Afiez and coworkers®
that the so-called indeterminate phase of the infection has
no justification because of the constant parasite persistence
and myocarditis found in chronic chagasic patients. This fact
leads us to divide the course of the chagasic infection into
3 phases: acute, chronic, and inapparent. The acute phase
may take 2 forms: the typical symptomatic form with dif-
ferent clinical symptoms,® positive to parasitologic tests, fre-
quently showing blood-circulating parasites, positive to se-
rological tests, and with high IgM levels. Histopathologic

methods reveal acute myocarditis,** and immunohistochem-
ical techniques show antigen deposits in the myocardial fiber
and the presence of T. cruzi amastigotes.® Specific PCR as-
say gives positive results both in serum and endomyocardial
biopsy of the patient.> On the other hand, acute asymptom-
atic form gives no apparent clinical manifestation, and would
be negative for parasite tests but seropositive, showing high
IgM and low 1gG levels. The chronic phase also has 2 forms.
The typical symptomatic form shows clinical manifesta-
tion,® is frequently negative to parasitologic tests, and is
seropositive, showing high 1gG levels. Histopathologic ex-
amination reveals chronic myocarditis with necrosis, inflam-
matory infiltrate, and fibrosis at different levels, and histo-
chemical methods show antigenic deposits and parasites in
the heart fibers. In addition, PCR is positive for sera and
biopsy samples.® The asymptomatic chronic forms have no
apparent clinical manifestation and are negative to parasi-
tologic tests but seropositive to T. cruz, with high IgG and
low IgM levels. Finally, there is the inapparent phase, char-
acterized by no apparent clinical manifestation and negative
for circulating parasites, but seropositive for anti-T. cruz
antibodies, with low levels of specific IgM and 1gG, but PCR
positive. This kind of infection must be seriously taken into
consideration because of its potential epidemiological im-
portance, as demonstrated by the high proportion of detected
cases both in the proximity of acute cases and in that part
of the population living in endemic areas under high-risk
conditions.

There is little information in the literature about inappar-
ent or occult infections. However, this kind of infection has
been either suggested for other infectious diseases from the
early 1900s! or recently demonstrated for Chagas disease in
areas of the neotropical region.31213

Although at present no definitive explanation can be given
for inapparent infection in people living in areas endemic
for Chagas disease, some possibilities may be suggested.
These include the following: low numbers of T. cruzi meta-
cyclic infective forms deposited by infected triatomine in-
sects, which, having reached the host cells, is followed by
slow multiplication. This enables the immunity mechanism
of the host to destroy part of the parasite population, estab-
lishing a host-parasite balance, making it possible for the
infected individual to show no symptoms, which is recog-
nized as inapparent infection. Another possibility could be a
previous contact with a parasite that shares antigen compo-
nents with T. cruz. This would be the case of T. rangeli, a
species that circulates in the same endemic areas, has the
same geographical distribution, and shares the same vectors
and reservoirs as T. cruz.617

Whatever the reason for the presence of inapparent infec-
tions in the population of endemic areas for Chagas disease,
what is important is to know that people with these inap-
parent infections will eventually develop the disease in a
severe form, as previously suggested.’® This fact has been
demonstrated in the present work by the conversion or re-
activation of a patient with inapparent infection into symp-
tomatic infection 1-3 months after being diagnosed (see Ta-
ble 1). Our results also support Garnham’s assumption that
“ inapparent infections are at least as numerous as and prob-
ably much in excess of the clinical disease.” *® The fact of
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finding 61% T. cruzi inapparent infections appears to cor-
roborate this statement.

Finally, as emphasized by Nicolle! it is important to es-
timate to what degree inapparent infections constitute a res-
ervoir and how these infections affect young children, which
could act as a potential genesis of an epidemic.
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