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Abstract. Reliable laboratory testing is of great importance to detect Bartonella bacilliformis infection. We evaluated
the sensitivity and specificity of the enzyme-linked immunosorbent assay (ELISA) using recombinant protein Pap31
(rPap31) for the detection of antibodies against B. bacilliformis as compared with immunofluorescent assay (IFA). Of
the 302 sera collected between 1997 and 2000 among an at-risk Peruvian population, 103 and 34 samples tested positive
for IFA-immunoglobulin G (IgG) and IFA-IgM, respectively. By using Youden’s index, the cutoff values of ELISA-IgG
at 0.915 gave a sensitivity of 84.5% and specificity of 94%. The cutoff values of ELISA-IgM at 0.634 gave a sensitivity of
88.2% and specificity of 85.1%. Using latent class analysis, estimates of sensitivity and specificity of almost all the assays
were slightly higher than those of a conventional method of calculation. The test is proved beneficial for discriminating
between infected and non-infected individuals with the advantage of low-cost and high-throughput capability.

INTRODUCTION

Tropical bartonellosis caused by Bartonella bacilliformis
remains a major health threat to populations living in endemic
areas and travelers visiting such regions. As a result of favor-
able ecological conditions for the principal suspected sand fly
vector, Lutzomyia verrucarum,1 the disease is historically con-
fined to remote valleys located between altitudes of 800 and
3,000 m above sea level on the western slopes of the Andes
Mountains in Peru, Columbia, and Ecuador. However, the
disease has recently expanded over a broader geographical
range including lower elevations, high forest regions, and
valleys located in the eastern portions of the Andes.2–4 The
bacteria is known to invade and replicate inside human eryth-
rocytes and endothelial cells causing the disease, which is clas-
sically manifested in one of two distinct ways, either as acute
onset of fever with hemolytic anemia (Oroya fever) or with
angiogenic skin lesions called verruga peruana.1 Although the
first manifestation is life-threatening with case fatality rates
that can reach as high as 88% in untreated patients, verruga
peruana is benign and self-limiting.5 Without treatment, these
skin lesions can persist for up to 6 months.1

The diagnosis of B. bacilliformis infection remains prob-
lematic as the spectrum of clinical manifestations is more
highly variable than previously described, resulting in mis-
diagnosis and delay of appropriate treatment.6 Although the
disease is typically biphasic: acute anemia, followed some
months later by the chronic dermal phase, Oroya fever is
rarely seen in endemic regions, whereas verruga peruana
is common. Conversely, Oroya fever appears to be more com-
mon in areas of non-endemicity.7 Furthermore, one-third
of patients have skin lesions without a history of fever and
nearly one-fourth of patients are asymptomatic.8 The reser-
voir of infection remains unknown. In endemic areas, bacter-
emia was found in 0.5% of healthy individuals and in nearly
half of the patients with verruga peruana at the time of diag-
nosis, suggesting that humans may serve as the reservoir for

infection.8 Prompt diagnosis with rapid and reliable diagnos-
tic tests would be of great clinical value to reduce suffering
and death from the disease, and it may have an added benefit
of helping to control disease transmission.
The two main types of assays used for diagnosing the dis-

ease are pathogen or antigen detection methods and serolog-
ical or antibody detection methods. Techniques for pathogen
detection, which include thin blood smear, culture, and poly-
merase chain reaction (PCR) are not always reliable for
detecting the pathogen. The Giemsa or Wright staining of
the blood smear to detect intraerythrocytic bacilli may be
the only test available for diagnosis of acute bartonellosis in
endemic areas. The specificity of the test is very high (96%)
but the sensitivity remains fairly low (36%) for detection of
the organism.9,10 In addition, B. bacilliformis is difficult to
isolate in laboratory cultures, as it requires special media and
a long incubation time of up to 8 weeks. The PCR assay
requires special equipment, dedicated laboratory space, and
highly skilled personnel. Serological testing, in several for-
mats, is now increasingly used to detect the antibody for diag-
nosing the disease. Currently, the indirect immunofluorescent
assay (IFA) using irradiated whole cell antigen preparations
from co-cultivated Vero cells is considered the most sensitive
serological test for diagnosing human bartonellosis.10 In a
previous study, a titer of 1:40 or greater was considered
positive for IFA-immunoglobulin G (IgG) and a titer of 1:5
or greater was considered positive for IFA-IgM for detec-
tion of antibodies against B. bacilliformis.11 In a study done
by Chamberlin and others in Peru, the cutoff titers were
adjusted to account for the high background antibody levels
in the endemic population. Therefore, a cutoff titer of 1:256
or greater or a 4-fold rise of antibody in paired sera was
selected for diagnosing human bartonellosis, resulting in a
sensitivity of 82%, and specificity of 92%.12 Despite its
advantages, IFA is costly, time consuming, requires a fluo-
rescent microscope, and relies on highly trained personnel to
interpret the results.
The enzyme-linked immunosorbent assay (ELISA) is con-

sidered more desirable because it is more objective, relatively
inexpensive, and has the capability of being high throughput
especially when automated. Previously, ELISA was done
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using soluble whole cell B. bacilliformis antigen but it was
limited by its low specificity.13,14

Recently, Pap31 (GenBank accession no. ABA60112.1),
also known as hemin-binding protein A (HbpA) in Bartonella
spp., was identified in the virulent Peruvian strain of B.
bacilliformis. The protein was found to be highly expressed
in cultures of B. bacilliformis and immunologically dominant;
thus, it is a good candidate to be used in ELISA.15 Fur-
thermore, as a homologue of the bacteriophage-associated
protein, it was recognized by the host’s immune response
during Bartonella henselae infections.16 Recombinant Pap31
(rPap31) can be produced in bulk, is easily purified, and
remains antigenic even after several freeze–thaw cycles. Dur-
ing the initial assay development by Taye and others,15 a total
of 136 samples from 29 IFA positive and 107 IFA negative
sera were tested by ELISA using the rPap31 antigen. The
results showed that the 95% confidence interval (CI) of the
optical density (OD) values for the IFA negative samples
did not overlap with the 95% CI of the OD values for the
IFA positive samples. However, an adequate sample size is
needed to ensure that the assay will yield results with the
desired precision.
The purpose of this study was to determine the sensitivity

and specificity of the ELISA assay using the recombinant
protein antigen, rPap31, for detection of antibody against B.
bacilliformis compared with IFA as the reference standard,
using a larger sample size.

MATERIAL AND METHODS

Serum samples. The samples used in our study were col-
lected among Peruvian populations at risk of B. bacilliformis
infection in the Caraz and Cusco regions of Peru between
1997 and 2000.8,12 All samples were anonymized before use
in the current study and have remained in storage at −70 °C
since that time. The samples used in our study were col-
lected under two previous projects at the same study site in
a village near Caraz city, ~475 km northeast of Lima. Offi-
cials from the Ministry of Health selected this area as being
representative of an area with long established bartonellosis
endemicity. When samples were collected they were all
tested by IFA for detection of IgG and IgM, as previously
described.11 The only information provided for this study
was the IFA results. Therefore, we were not able to indicate
the number of samples taken from each study. To reduce
the bias from the selection process, we examined all the
samples that had adequate volume for testing both ELISA
IgG and IgM without knowing the IFA results. An IFA titer
of 1:40 or greater was defined as positive for IgG17 and a
titer of 1:5 or greater was defined as positive for IgM anti-
body. All samples were tested anonymously by two persons
who were trained to perform an ELISA assay. The ELISA
results were evaluated independently without knowing the
IFA results.
To test possible cross-reaction to pap31-ELISA, 10 sera

containing antibodies to bacteria other than B. bacilliformis
were assessed as follows: five serum samples containing anti-
bodies to Coxiella burnetii, four archived sera from patients
with brucellosis, one serum sample from a patient with B.

henselae endocarditis.
Ethical considerations. The samples used in this study were

obtained under a previous study protocol (PMB-208710)

that received approval from the institutional review board
of the Uniformed Services University of the Health Sci-
ences (USUHS) and adhered to all guidelines of the U.S.
Department of Health and Human Services. This study
was approved by the Office of Research at the Uniformed
Services University of Health Sciences in 2012 (T08732-02)
and was determined to be non-human research and exempt
from human use regulations.
Laboratory techniques. The recombinant Pap31 antigen

was prepared as described previously.15 The ELISA was
carried out in 96-well ELISA microplates (Polystyrene;
Microlon 200, U-bottom, Greiner Bio-one, Monroe, NC).
The wells were coated with 0.3 mg/well of recombinant
Pap31 antigen prepared in phosphate buffered saline (PBS)
and bovine serum albumin (BSA) as the negative control
for nonspecific binding of the serum components. The
plates were coated and kept at 4°C for 48 hr. After incuba-
tion, the plates were rinsed twice with 200 mL of 1 + PBS,
blocked with 10% skim milk at room temperature (RT) for
1 hr, and again rinsed twice with PBS.
Serum samples, diluted at 1:100 in 5% skim milk, were

added at a volume of 100 mL/ well in duplicates and were
incubated at RT for 1 hr. The plates were then washed 3 times
with 200 mL of 0.1% Tween 20 in 1 + PBS (1 + PBST) to
remove unbound primary antibody. For each wash step,
the plates were incubated on a rocker for 5 min before the
washing solution was discarded. After the three wash steps,
the plates were subjected to a final rinse with PBS. The IgG
and IgM were detected with biotinylated goat anti-human
IgG (Santa Cruz Biotechnology, CA) or IgM (Sigma, MS)
diluted 1:1,000 and 1:500, respectively, in 5% BSA. The sec-
ondary antibody was added at a volume of 100 mL/ well,
incubated at RT for 1 hr, and the plates were washed 3 times,
as described previously, and rinsed once with PBS. Bound
antibody was detected with streptavidine-horseradish peroxi-
dase (HRP) conjugate diluted to 1:8000 in 5% BSA and
added to the wells at 100 mL/ well. After incubating for 1 hr
at RT, the plates were washed 3 times with PBST and once
with PBS. The ABTS peroxidase substrate and peroxidase
substrate solution B (KPL, Inc., Gaithersburg, MD) were
mixed at a ratio of 1:1, 100 mL/ well was added to the plate
and plates were incubated in the dark at RT for 30 min.
The OD was measured using an ELISA plate reader
(SpectraMax 190 (BC-MD SMX190), Molecular Devices, Inc.,
Long Beach, CA) using dual wavelengths (405 nm and 650 nm).
Data analysis and outcome measures. The data were ana-

lyzed using SPSS v.16.0 (SPSS, Inc., Chicago, IL) for Windows
(Microsoft Corp., Redmond, WA). The duplicate of each
sample for rPap31 and BSA was averaged. The corrected
OD of each sample was calculated by subtracting the average
background OD of the BSA from the average, corresponding,
rPap 31 OD. The OD of all the samples was expressed as a
mean with standard deviation. A student’s t test for indepen-
dent samples was used to compare the average OD values of
positive and negative groups, defined by IFA. The IFA results
were expressed as titer values. The correlation between IFA
titer and the OD were assessed by Spearman’s rank correla-
tion. To determine the optimal cutoff values for the ELISA
assay, a receiver operating characteristics (ROC) curve was
constructed and a table that displayed every possible cutoff
value for a positive OD was generated. The area under the
ROC curve (AUC) was also calculated. The cutoff values of
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the IgG and IgM ELISA assays were selected as the ones that
maximized the sum of sensitivity and specificity by using
Youden’s index (J = sensitivity + specificity − 1).18 We also
calculated the likelihood ratio for a positive test (LR+) and
the likelihood ratio for a negative test (LR−). The LR is the
probability of a specific test result in people who have disease
divided by the probability of the same finding in people who
do not have disease. The likelihood ratio was determined by
using the following formulas: LR+ = sensitivity/1 − specificity,
LR− = 1-sensitivity/specificity.19

In the absence of a consensus reference standard, we used
latent class analysis (LCA) to estimate the sensitivity and
specificity of IFA and pap-31 ELISA simultaneously. The
LCA uses a non-linear statistical model to classify groups of
subject who have shared characteristics into latent class. The
LCA can achieve this by maximizing a mathematical likeli-
hood function based on the patients’ distributional pattern
of response of input variables. In this study, B. bacilliformis
infection (having positive antibody against B. bacilliformis)
was defined as the latent variable, and the result of serostatus
obtained with each assay (IFA and ELISA) were the manifest
variables or input items. Log-likelihood, Akaike information
criteria (AIC) and Bayesian information criteria (BIC) were
used to assess goodness of fit of each model. In addition to a
traditional LCA, which requires assumption of conditional
independence of tests, a random effect model was also run to
account for possible conditional dependence between the
tests. Preferred models are those that minimize values of the
BIC, AIC, and log-likelihood. The R program (http://www
.r-project.org) was used to calculate LCA with the package
poLCA (version 1.4) and random LCA (version 0.8-6).20,21

A sample size of 100 positive sera confirmed by IFA will
have 80% power to detect a significant difference in sensitiv-
ity between IFA and ELISA tests if the sensitivity is 80% and
70%, respectively; and the correlation between IFA and
ELISA is 0.7, based on McNemar’s test with a 5%, two-sided
significance level. A sample size of 100 negative sera will have
85% power to detect a significant difference in specificity
between IFA and ELISA tests if the specificity is 80% and
90%, respectively. In addition, a sample size of 100 positive
and 100 negative sera is sufficient to estimate sensitivity or
specificity with a margin of error of 10% points based on a
95% two-sided confidence interval and a “worst-case” sensi-
tivity or specificity of 50%.22

RESULTS

A total of 307 serum samples were available for testing. Of
these, five were excluded because of an inadequate amount
and were subsequently known to be negative by IFA. Of
302 sera that were examined in the study, 103 samples tested
positive for IFA-IgG and 34 samples tested positive for IFA-
IgM. There were 22 samples that tested positive for both IgG
and IgM. Of 103 sera with positive IFA-IgG, 85 had a titer of
1:64, 13 had a titer of 1:128, and 5 had a titer of 1:512. Of
34 sera with positive IFA-IgM, 3 had a titer of 1:20, 26 had a
titer of 1:64, and 5 had a titer of 1:128.
The mean OD value was significantly higher among sera

that were IFA positive for either IgG or IgM compared
with those that were IFA negative for either IgG or IgM
(P < 0.001) (Table 1). The 95% CI of the mean OD of IFA
negative and positive samples for both IgG and IgM did not

overlap. A scatterplot analysis of the 302 sera tested by the
ELISA-IgG and IgM based on rPap31 antigen is shown in
Figures 1 and 2. A significant positive correlation was found
between the IFA titer and OD values for both IgG and IgM
(P < 0.001), but it was stronger for IgG (rs = 0.71) than that
for IgM (rs = 0.47).
The performance of the rPap31-based ELISA compared

with IFA for detection of antibody against B. bacilliformis is
shown in Table 2. The cutoff value of ELISA-IgG at 0.915 and
ELISA-IgM at 0.634 was selected to maximize the sensitivity
and specificity of the test. Overall, the ELISA-IgG assay
showed a high sensitivity (84.5%) and specificity (94%). The
ELISA-IgM had a higher sensitivity (88.2%) but a lower spec-
ificity (85.1%) than ELISA-IgG. A number of false positives
were found for the ELISA-IgM, resulting in a lower spec-
ificity than IgG. In addition, no cross-reactivity was observed
when testing 10 serum samples containing antibodies against
C. burnetii, Brucella spp., and Bartonella henselae.
Goodness of fit for one-class and two-class traditional

LCA is shown in Table 3. Only minor differences of BIC
and estimates were found when analyzing with traditional
LCA or a random effect model. Based on a goodness of fit
measure, the two-class model with traditional LCA was the
best fitting. The estimates of sensitivity and specificity with
the best model are shown in Table 4. The estimates indi-
cated that ELISA-IgG was comparable to IFA-IgG in terms
of sensitivity (94% versus 96%, respectively) and specificity
(96% versus 95%, respectively), although ELISA-IgM was

Figure 1. Scatterplot analysis of 302 sera measured by enzyme-
linked immunosorbent assay (ELISA)-immunoglobulin G (IgG)
using rPap31 antigen. The vertical line separates immunofluorescent
assay (IFA)-IgG-positive sera (sera nos. 1 to 103) from negative sera
(sera nos. 104 to 302). The horizontal line indicates the cutoff value of
the ELISA-IgG assay.

Table 1

Mean optical density (OD) and 95% confidence interval (CI) of the
recombinant Pap31-based enzyme-linked immunosorbent assay
(ELISA) in relation to immunofluorescent assay (IFA)

IFA

ELISA-OD

P valueMean (SD) 95% CI

IFA-IgG
Negative (N = 199) 0.467 (0.26) 0.43–0.50
Positive (N = 103) 1.286 (0.39) 1.21–1.36 < 0.001
IFA-IgM
Negative (N = 268) 0.367 (0.25) 0.36–0.42
Positive (N = 34) 1.100 (0.43) 0.95–1.25 < 0.001
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much more sensitive (93% versus 66%, respectively) but
slightly less specific (90% versus 99%, respectively) than
IFA-IgM.
Considering LR+, people infected with B. bacilliformis

were about 14 times and 5.9 times more likely to have a
positive ELISA-IgG and IgM result, respectively, than are
those who had never been infected. Whereas the probability
of the infected individuals having a negative ELISA-IgG and
IgM were about a sixth (0.16) and a seventh times (0.14) that
of those who have never been infected.
Further performance comparison of the IFA and the

ELISA was conducted by plotting the ROC curve (Figure 3).
The ROC curve almost reached an ideal slope, with an AUC
of 0.95 (95% CI = 0.93 0.97) for the ELISA-IgG (Figure 3A)
and AUC of 0.93 (95% CI = 0.89–0.97) for the ELISA-IgM
(Figure 3B).

DISCUSSION

The results of this study explicitly show that the use of
rPap31 antigen in the ELISA format is suitable for detecting
serum antibody to B. bacilliformis.With a clearly distinguished
mean OD and 95% CI, the method is able to differentiate
B. bacilliformis seropositive sera from seronegative sera. Using

the cutoff value at 0.915, rPap31-based ELISA is 84.5% sensi-
tive and 94% specific for detecting IgG antibody based on the
reference test, IFA. With the cutoff value at 0.634, the ELISA-
IgM resulted in a sensitivity of 88.2% and a specificity of
85.1%.With a high LR+ for ELISA-IgG, a positive test is good
at ruling in those previously infected with B. bacilliformis.
As anticipated, all observed sensitivity and specificity esti-

mates were greater than 80%. For estimating the perfor-
mance of the ELISA-IgG test at a cutoff value of 0.915, the
observed sample size was 103 positive and 199 negative sera.
Based on a sensitivity and specificity of 80%, the observed
sample size was sufficient to estimate sensitivity with a margin
of error of 7.8% points and specificity with a margin of error
of 5.6% points. For estimating the performance of the
ELISA-IgM test at a cutoff value of 0.634, the sample size
was 34 positive and 268 negative sera. Assuming a proportion
of 80% for sensitivity and specificity, the observed sample
size was sufficient to estimate sensitivity with a margin of
error of 13.7% points and specificity with a margin of error
of 4.8% points. Calculations are based on a 95% two-sided CI
for a single proportion.
In a previously developed assay by Knobloch,13 crude cell

antigen was used in ELISA to detect antibodies against B.

bacilliformis. The assay was sensitive but suffered from cross-
reactivity with anti-Chlamydia psittaci antibody. Another anti-
gen that was identified as a major protein of B. bacilliformis

was the recombinant 65 kDa protein (Bb65). The protein is
predominantly located within the bacterial cytoplasm without
any exposed epitopes on the cell wall surface. When applied to
the ELISA format, Bb65 was 90% sensitive for detection of
persisting IgG antibody from sera collected 1 to 3 years after
onset of Oroya fever. However, this assay failed to detect anti-
bodies during the first 2 weeks of fever.23 Unlike Bb65, the
rPap 31-based ELISA showed good sensitivity and specificity
for detection of IgM antibodies. In addition, the rPap31-based
ELISA is comparable with the immunoblot assay using soni-
cated whole cell antigens, which was 70% sensitive in diag-
nosing acute bartonellosis and 94% sensitive in diagnosis of
chronic bartonellosis with 100% specificity, using healthy indi-
viduals as the control group.24 A significant positive correlation

Table 2

Performance of the recombinant Pap31-based enzyme-linked
immunosorbent assay (ELISA) compared with immunofluorescent
assay (IFA) for detection of antibody againstBartonella bacilliformis

No. ELISA-IgG No. IFA positive (n) No. IFA negative (n) Total

Positive 87 12 99
Negative 16 187 203
Total 103 199 302
Performance of ELISA-IgG test at cutoff value* 0.915 (J = 0.79)
Sensitivity* 84.5% -Specificity* 94%
Positive likelihood ratio 14.1 -Negative likelihood ratio 0.16

No. ELISA-IgM No. IFA positive (n) No. IFA negative (n) Total

Positive 30 40 70
Negative 4 228 232
Total 34 268 302
Performance of ELISA-IgM test at cutoff value* 0.634 (J = 0.73)
-Sensitivity* 88.2% -Specificity* 85.1%
-Positive likelihood ratio 5.9 -Negative likelihood ratio 0.14

*Using Youden index (J) = Max [sensitivity + specificity − 1] can range from 0 to 1.

Table 3

Goodness of fit for one-class and two-class traditional latent class analysis

Statistics

IFA-IgG and ELISA-IgG IFA-IgM and ELISA-IgM

1 Class 2 Class 1 Class 2 Class

AIC 773.71 577.23 543.56 473.04
BIC 781.13 595.79* 550.98 491.59†

Loglik −384.86 −283.62 −269.78 −231.52

*BIC of two-class with random effect model for IFA-IgG & ELISA-IgG = 601.49.
†BIC of two-class with random effect model for IFA-IgM & ELISA-IgM = 497.31.
IFA = immunofluorescent assay; IgG = immunoglobulin G; IgM = immunoglobulin M;

ELISA = enzyme-linked immunosorbent assay; AIC = Akaike information criteria; BIC =
Bayesian information criteria.

Figure 2. Scatterplot analysis of 302 sera measured by enzyme-
linked immunosorbent assay (ELISA)-immunoglobulin M (IgM)
using rPap31 antigen. The vertical line separates immunofluorescent
assay (IFA)-IgM-positive sera (sera nos. 1 to 34) from negative sera
(sera nos. 35 to 302). The horizontal line indicates the cutoff value
of the ELISA-IgM assay.

Table 4

Sensitivity and specificity of IFA and ELISA assay based on two-
class model with traditional latent class analysis*
Assay % Sensitivity (95% CI) % Specificity (95% CI)

IFA-IgG 96 (95,97) 95 (92, 97)
ELISA-IgG 94 (92, 96) 96 (92, 98)
IFA-IgM 66 (55, 76) 99 (98, 100)
ELISA-IgM 93 (87, 100) 90 (87, 93)

*IFA = immunofluorescent assay; ELISA = enzyme-linked immunosorbent assay; IgG =
immunoglobulin G; CI = confidence interval; IgM = immunoglobulin M.
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between IFA titer and ELISA OD for detection of antibody
against B. bacilliformis was also observed. Such a correlation is
found to be stronger for IgG (rs = 0.71) than IgM (rs = 0.47).
This has been reported in other studies, where varying correla-
tions have been observed among different serological tests and
among the same serological tests from different sources.25 For
example, the correlation of the recombinant line immunoblot
to ELISA and to IFA for the detection of Lyme disease was
found to be varied from rs 0.673 to 0.905, respectively.26

A significant number of false positive results were observed
for the ELISA-IgM as compared with IFA, resulting in a
lower specificity for IgM than IgG. It is important to realize
that sensitivity and specificity may change depending on the
reference test used as the gold standard, which is not neces-
sarily the true representation of disease status. Although
there is no widely accepted suitable standard, we selected
IFA as our reference test because it showed good perfor-
mance when being compared against a composite reference
standard including blood smear, culture, and PCR in a previ-
ous study.12 However, the IFA test is not 100% accurate.
Under the conditions where we are dealing with probabili-
ties of diagnosis rather than true knowledge of the disease,
LCA is another approach that often used to estimate the
diagnostic characteristics of an existing and new test. Over-
all, the two-class model of traditional LCA provided a
slightly higher sensitivity and specificity of almost all the
assays than the conventional method. The IFA-IgG was
the most sensitive, whereas IFA-IgM was the most spe-
cific but was the least sensitive for detecting antibodies
against B. bacilliformis. With the two-class model of tradi-
tional LCA, both ELISA-IgG and IgM had a sensitivity and
specificity > 90%.
The IFA test had been shown to exhibit considerable cross-

reactivity with other pathogens such as Brucella spp.,

Chalmydia spp., Coxiella burnetii, or other Bartonella spe-
cies.14 In contrast, we did not observe any cross-reactivity of
rPap31 to antibodies against antigenically similar bacteria
including C. burnetii, Brucella spp., and B. henselae. It must
be noted that using specific immunoreactive protein Pap31 as
the antigen in an ELISA format is likely to be more specific
than using whole cell antigen in an IFA format for detecting
antibodies because the numerous antigens presented in the
whole cell can result in cross-reaction of antibodies to other
microorganisms or tissue components.27

In addition, comparison of the Pap 31-like protein of B.
bacilliformis using the FASTA similarity search (www.ebi.ac
.uk/Tools/sss/fasta/), showed that the amino acid sequence had
only 39–51% similarity to those of other Bartonella species
such as B. henselae, B. clarridgeiae, or B. rochalimae (which
was first identified in patients having fever and bacteremia
after visiting Peru). Furthermore, with the sequence identity
well below 40% with those from organisms like Brucella spp.,
Chalmydia spp., and C. burnetii, Pap31 is unlikely to show
cross-reactivity with antibodies against those organisms.28 In
addition, our test is more likely to have a higher sensitivity
than the IFA for detecting antibodies. While the ELISA
plates were coated with a higher amount of a single specific
immunoreactive antigen, the IFA was coated with the whole
cell antigen, which also contained non-immunogenic proteins.
The reduced amount of immunoreactive proteins may lead to
less sensitive detection of the disease-specific antibodies.25,29

Previous evaluation of the IFA, ELISA, and indirect hemag-
glutination among 187 sera from Peruvian residents in a
bartonellosis-endemic area by Knobloch and others reported
that the ELISA test using soluble B. bacilliformis antigen
was more sensitive for detecting IgG antibody than IFA.
Of the 102 ELISA-positive samples, only 51% were positive
by IFA-IgG.11

Figure 3. Receiver operating characteristics (ROC) curves of rPap31-based enzyme-linked immunosorbent assay (ELISA) for detection of
antibody against Bartonella bacilliformis. (A) Shows the ROC curve of ELISA-immunoglobulin G (IgG) with an area under the ROC curve
(AUC) of 0.95 (95% confidence interval [CI] = 0.93–0.97). (B) Shows the ROC curve of ELISA-IgM with an AUC of 0.93 (95% CI = 0.89–0.97).
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The rPap31-based ELISA is comparable to IFA for the
detection of antibody against B. bacilliformis. Furthermore,
the ELISA using recombinant Pap31 protein as the antigen
has many distinct advantages over the IFA using whole cell
antigen. Although the IFA assay is based on subjective deter-
minations of a positive result, the ELISA results, based on
OD values, are more objective. The use of a recombinant
antigen, instead of whole cell antigen, in the ELISA provides
high quality antigen, which can greatly improve the sensitivity
and specificity of the test.
The population in the endemic area may have antibodies

without necessarily having symptoms. Nearly one-fourth of
infections were asymptomatic and asymptomatic bacteremia
was found in 0.5% of the population living in the endemic
area.8 Even though using the test to diagnose acute or chronic
disease is of paramount importance to reduce mortality and
morbidity in the population, detection of antibodies against
B. bacilliformis to evaluate exposure and infection shall be
helpful to better understand the epidemiology of the disease,
both clinically and subclinically. The likelihood ratio is useful
across the array of disease frequencies. A LR+ above 10
means that a positive test is good at ruling in a diagnosis,
whereas a LR− below 0.1 is good at ruling out a diagnosis.19

Considering a big and modest increase of the LR+ of ELISA-
IgG and IgM and their moderately low LR−, the test could be
helpful to determine the probabilities of having infection
across different populations with varying prevalence.
The main limitation of this study is the lack of clinical data

including status or stage of disease, duration of the disease, or
the date that serum was collected in relation to symptoms.
Therefore, claims regarding the value of the rPap31 ELISA
test for diagnosis of disease cannot be overstated. Further-
more, using stored sera (frozen since 1997) was another limi-
tation of our study because the antibody may have degraded
after repeated freeze–thaw cycles. The test may perform dif-
ferently if using recently collected samples. Future prospec-
tive studies will address these issues.
Our study was designed to distinguish between infected and

uninfected individuals by detection of antibody against B.
bacilliformis. Considering its good performance, the ELISA
test is still useful for screening of infection, which is beneficial
for the assessment of actual disease burdens, particularly in
endemic area. Whether the rPap31 ELISA is of value for
diagnosis of acute or chronic disease requires further evalua-
tion. Furthermore, the test provides a high-throughput format
and requires minimal laboratory equipment, making it a suit-
able alternative to the IFA, with the advantage of low cost.
The reliable performance of rPap31-ELISA also suggests its
potential to be developed as a “point of care” rapid test for
use in rural endemic areas with limited resources.
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