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Roche LightCycler 480 system (Roche, Indianapolis, IN, USA)
using Tagman primers and probes; 5- GCGACGTCCGT
GGAAAGAA-3, 5-GGCGGGTACACATTAGCAGAA-3' and
reporter (FAM): 5-CAACGCGTATTCCC-3' (Applied Biosys-
tems Inc,, Foster City, CA, USA). The custom gene assay was
developed using ABI FiLeBuiber 3.1 (open selection) from the
conserved region of Leishmania REPL repeats (L42486.1),
which can be detected in L. donovani and Leishmania infantum
[18,19]. For standard curves, L. donovani promastigotes were
spiked into uninfected human blood/paxgene mixtures to
provide a concentration of 1000 parasites/mL in duplicate,
allowed to incubate at room temperature for 4 h, and then
serially diluted with human blood/paxgene mixture to provide
a range of 1000~10~" parasites/mL blood. The dilution set was
frozen at —20°C overnight, then DNA was extracted using the
QlAamp DNA Mini Kit. No template controls or blood from
healthy US donors was included in each assay. Samples were
initially examined in duplicate; for those samples that did not
amplify, or that had very late amplification (>40 cycles) the
assay was repeated in triplicate. Mean Cp values of amplifica-
tion were extrapolated against the standard curve to enumer-
ate the number of parasites per mL of blood. Samples that
displayed no products at >40 cycles were considered negative.
A two-tailed, paired t-test was performed to determine
correlations between the circulating parasite DNA at baseline
and follow up.

Results

Quantitative PCR as a measure of circulating parasite DNA
The presence of L. donovani DNA was assessed by quantitative
PCR, which is sensitive enough to detect the DNA equivalent
of 0.0l L donovani/ml. of blood and can be accurately
extrapolated to a standard curve to measure the presence
of parasite DNA equivalents in the blood of study subjects.
The number of PCR-positives fell from 47 of the 56 study
subjects (84%) at baseline to 16 (28%) at {2-month follow up
(Table I). One new PCR positive emerged at follow up while
40 positives at intake became PCR negative. The predicted
parasite burden in these samples was very low, the median
being 0.1 L donovani DNA equivalents/mL of blood. A plot of
individual trends of PCR status through the study of the 40
study subjects who became negative at follow up illustrates a
highly significant drop in PCR positivity at follow up, with a
p-value of 2.5%¢™ by a paired, two-tailed Student’s t-test
(Fig. 2a). The 16 who remained positive at follow up showed
similar parasite DNA contents at baseline and follow up with
one negative gaining detectable parasite DNA at follow up
(Fig. 2b). The data suggest that the presence of L. donovani
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TABLE |. Summary of study outcome. Number and per-
centages of study subjects who tested positive by the
indicated tests at baseline and |12-month follow up including
those that became negative and new positives detected at

follow up
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FIG. 2. Leishmania donovani DNA equivalents measured by quantita-
tive PCR, quantified by extrapolating to a standard curve with known
numbers of parasite. (a) Progression of L donovani DNA loads of the
40 study subjects who tested PCR negative at 12-month follow up. (b)
Progression of L donovani DNA loads of the 16 study subjects who
tested PCR positive at |2-month follow up. Each line represents an
individual tested at baseline and follow up and n represents the number
of individuals. **L. donovani DNA equivalents at baseline and follow up
were significantly different as measured by a p value of 25% 7 bya

paired, two-tailed t-test.

DNA is transient, consistent with results obtained in a larger
survey of asymptomatic children in Brazil [20].

DAT provides an incomplete indication of asymptomatic
infection

DAT is a standard test, developed primarily for serological
confirmation of VL. When applied to sero-evaluation of
asymptomatic individuals, DAT positivity was 57%, both at
baseline and at [2-month follow up (Table ). Thirty-two
study subjects were DAT positive at baseline with 30 of the 32
remaining positive at follow up (Table I). At follow up, two
new positives emerged. At baseline and follow up, the median
dilution at which agglutination was observed remained 3200
(Fig. 3a). Correlation of DAT with PCR at baseline was about
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64% whereas two PCR negative samples were DAT positive
(Fig. 4a). We then compared DAT and PCR profiles at follow
up to see how the dynamics of Leishmania-specific antibodies
correlates to parasite DNA. DAT profiles at follow up
revealed poor correlation to PCR. Twenty-two of the 40
PCR negatives at follow up (55%) remained DAT positive, two
among them being new seroconverts (Fig. 4a). DAT profiles of
the 16 PCR positives at follow up reveal a 63% correlation,
with ten also remaining DAT positive (Fig. 4b).

ELISAs indicate persistent presence of antibodies
To provide comparability between DAT and ELISA, we used
L. donovani WCL as the coating antigen to detect anti-leish-
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mania antibodies. At baseline, 46 individuals were positive for
antibodies against WCL (82%) of which 38 remained positive
at the 12-month follow up, with four new seroconverts (75%)
(Table I). Similar to the results obtained with DAT, the
median OD was relatively unchanged over time, being 2.5 at
baseline and 2.0 at follow up (Fig. 3b). At baseline, L. donovani
WCL positivity correlated well with PCR positivity, with 40 of
the 47 PCR positives also testing positive for L. donovani WCL
antibodies (85% correlation) but seven of the nine PCR
negatives also testing positive for L. donovani WCL antibodies
(78%) (Fig. 4a). At follow up, correlation between PCR and the
L. donovani WCL ELISA was higher than with DAT, with 75%
testing positive or 12 out of 16 PCR positives (Fig. 4b). But
80% of PCR negatives at follow up (32 out of 40 individuals)
also remained positive by L. donovani WCL ELISA (Fig. 4b).
Recombinant rk39 is a well-defined diagnostic antigen that
has been used in both ELISA and RDT [21,22]. However, tests
composed of the rk39 antigen have also been used, in an
off-label manner, for epidemiological screening, as opposed to
only for diagnosis. Consistent with initial inclusion of asymp-
tomatic individuals based on rk39 RDT positivity, antibodies
against rk39 were detected in sera of most study subjects at
both baseline and follow up by ELISA. At baseline, 50 (89%)
tested positive by rk39 ELISA, of whom 49 remained positive
at follow up with two new seroconverts (92%) (Table 1). The
median OD remained relatively unchanged at 2.8 and 2.9,
respectively, between these times (Fig. 3c). Though rk39
positivity correlated well with PCR positivity at baseline, with
89% or 42 of the 47 PCR positives also being rk39 positive,
similar to the L. donovani WCL ELISA, eight of the nine PCR
negatives at baseline (89%) remained rk39 positive (Fig. 4, top).
Among the 16 PCR positives at follow up, 75% or 12 remained

FIG. 3. Distribution of seroreactivity of asymptomatic individuals at
baseline and follow up. (a) Comparison of the reciprocal serum
dilution at which agglutination was observed by direct agglutination
test of individuals at baseline (closed triangles) and follow up (open
triangles). Black line represents cut-off for positivity at 1600. (b)
Comparison of optical density (OD) at 450 nm of individuals at
baseline and follow up by antibody detection ELISA against Leishmania
donovani whole cell lysate (WCL; closed and open diamonds) along
with non-endemic controls (dotted diamonds). Black line represents
cut-off OD for positivity at 1.05. (c) Comparison of OD at 450 nm of
individuals at baseline and follow up by antibody detection ELISA
against rk39 (closed circles) along with non-endemic controls (dotted
circles). Black line represents cut-off OD for positivity at 0.89. Medians
for each distribution are represented by black bars. No significant
differences between baseline and follow-up measurements were seen

for any of the serological tests.
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FIG. 4. Correlation between quantitative PCR (qPCR) and serological tests in asymptomatic individuals. The distribution of qPCR positive and
negative individuals as detected by direct agglutination test (DAT), Leishmania donovani whole cell lysate (WCL) and rk39 ELISA has been depicted. (a)
Correlation of gPCR positivity and negativity with DAT, L donovani WCL and rk39 ELISA at baseline. Number of individuals positive or negative

followed by percent positive or negative in parenthesis. (b) Correlation of qPCR positivity and negativity with DAT L donovani WCL and rk39 ELISA

at |2-month follow up.

rk39 ELISA positive. But 95% of PCR negatives at follow up (38
out of 40) still remained rk39 ELISA positive attesting to a
poor correlation between rk39 ELISA and PCR, very similar to
the other serological tests used in this study (Fig. 4, bottom).
Hence, a persistent antibody response to L. donovani WCL and
rk39 was seen at baseline and at 12-month follow up. The
serological results of all study subjects at baseline and follow
up relative to PCR are represented in Fig. 6.

Serological tests are complementary

We then compared the complementation among the three
serological tests. The L. donovani WCL ELISA detected five out
of six rk39 ELISA-negative individuals (83% complementarity)
at baseline whereas DAT could detect three of six (50%
complementarity) (Fig. 5a, left). With two individuals being
positive by both tests, one was detected only by DAT and
three were detected only by L. denovani WCL ELISA (Fig. 6).
At follow up, L. donovani WCL ELISA detected three out of
five rk39-negative individuals (60% complementarity) com-
pared with two by DAT (40% complementarity) (Fig. 5a, right).
Because DAT positivity was lower than ELISA positivity in this
study and DAT is a widely used diagnostic test in the Indian
sub-continent we asked whether ELISA could complement
DAT. At baseline, 21 of the 24 DAT negatives were positive by

©2013 Infectious Disease Research Institute

rk39 ELISA with the trend remaining the same at follow up
(Fig. 5b). Of the 24 DAT negatives at baseline, 20 were
positive by L. donovani WCL ELISA and 18 of the 24 DAT
negatives at follow up were positive by L. donovani WCL ELISA
(Fig. 5b). Both DAT seroconverts at follow up were positive
by rk39 ELISA whereas one was positive by L. donovani WCL

(Fig. 6).

Discussion

Disease intervention programmes, particularly disease elimi-
nation programmes, will benefit from proactive identification
of high-risk individuals. A comprehensive application of
biomarker-based tests for diseases in which humans are the
primary or only source of infection can make such identifica-
tion possible. An excellent example of a disease to which this
strategy may be applied is VL. Because VL in the Indian
subcontinent is
infected individuals should be considered a priority within

anthroponotic, identifying asymptomatic
kala-azar elimination programmes [23]. Developing tools that
can predict progression to VL disease will lead to early
intervention and treatment, two goals of the elimination
programme [6]. In previous studies to identify such tools in
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FIG. 5. Complementation of serological tests in asymptomatic individuals. Detection ofrk39 and direct agglutination test (DAT) -negative

individuals. (a) Complementation of rk39 ELISA negativity by DAT and Leishmania donovani whole cell lysate (WCL) ELISA at baseline and 12-month

follow up. (b) Complementation of DAT negativity by rk39 and L donovani WCL ELISA at baseline and 12-month follow up.

India, the rk39 RDT and DAT have proven to be of limited
utility in predicting progression to disease, because the tests
did not correlate with each other nor did seroconversion
correlate with disease progression [11,23,24]. To develop
better tools to reflect the dynamics of asymptomatic infection,
we wanted to determine the utility of a direct method

(quantitative PCR) and indirect methods (serology) for-

detecting asymptomatic L. donovani infection. We conducted
a study on 56 rk39 RDT-positive individuals in an area of VL
endemicity in Bangladesh using DAT and ELISA to detect
antibodies and quantitative PCR to detect DNA over
24 months. Fifty-four of the 56 enrolees at baseline and 55
of the 56 enrolees at follow up tested positive by any of the
serological tests used (Fig. 6). This indicates that in endemic
areas, antibodies to Leishmania antigens can be encountered in
the absence of disease, mirroring the observation that
circulating antibodies are observed over extended periods
after cure [13,14]. At baseline, the PCR results agreed closely
with serological tests, but at the |2-month follow up the
number of PCR positives was significantly decreased while
serology positives remained relatively unchanged (Table | and
Fig. 6). However, given the low parasite burden of asymp-
tomatic infections, it is unclear whether the results reflect the
actual number of individuals with active disease. Studies are
underway to determine the robustness of PCR methods to
detect low parasite burdens.

Though all 56 study subjects tested positive by the rk39
RDT at study intake, six baseline samples tested negative by
ELISA against rk39 (Fig. 5, top). This discrepancy can be

attributed to both differences in the sensitivity of the rapid test
between whole blood and serum and the use of a quantitative
ELISA with stringent cut-offs to identify positives, highlighting
the utility of standardized tests with defined cut-offs for
sensitivity when screening populations. Rapid tests may be
more suitable to confirm infection in the presence of
symptoms. The complementation of the few rk39-negative
sera by the other serological tests underlines the utility of a
broader panel of antigens provided by both lysed or
freeze-dried promastigotes to detect early infection (Figs 5
and 6). Our data indicated that L. donovani WCL ELISA
complemented rk39 better than DAT. A quantitative test such
as ELISA may be more sensitive in detection compared with
DAT, in which agglutination is visually assessed.

DAT is used extensively in the Indian subcontinent for both
screening and detection [11,25,26]. Similar to other reports,
our DAT results did not correlate with PCR [15,27]. A study
conducted in the VL-endemic Terai region of Nepal found PCR
positivity among healthy individuals with no history of past VL
to be 17.6% and among treated VL patients to be 25.6%, while
DAT positivity in these groups was 5.5% and 95%, respectively
[27]. In the same study, DAT positivity was higher and
correlated well with PCR in healthy household contacts of
persons with present or past VL disease, confirming previous
observations that constant exposure to VL patients increases
the risk of acquiring infection [10,23-25].

Among the 56 study subjects, only three went on to
develop VL within the 24-month study period, about 5%. Of
those, two individuals remained consistently positive by PCR

©2013 Infectious Disease Research Institute
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FIG. 6. Serological and PCR test status of all samples at baseline and 12-month follow up, compared side-by-side. Light grey shaded boxes indicate

positive status and dark grey boxes indicate negative status

and serology, while the other was PCR positive at baseline and
follow up but was consistently negative by all serological tests
at baseline and positive by only rk39 ELISA at follow up. DNA
has a shorter half-life than antibodies, and its presence in blood
constitutes direct evidence of ongoing infection [14,28].
Appearance of DNA could also precede the appearance of
detectable antibodies, signalling recent infections. In a canine
model of VL, circulating parasite DNA was detected by PCR
4 months after infection, while Leishmania-specific antibodies
were detected by ELISA 6 months after infection, reflecting
the different kinetics of these biomarkers [29]. Because PCR
positivity was a shared feature of those individuals that

©2013 Infectious Disease Research Institute

progressed to disease, sensitive and standardized DNA
amplification platforms will be useful tools in active surveillance
for asymptomatic infections and effectively complement stan-
dardized point-of-care serological tests. The small number of
individuals who are both serology and PCR positive may
represent clusters or hyperendemic foci within regions where
Leishmania is endemic that are at the highest risk of transmit-
ting the parasite or progressing to disease. Hence, tests that
detect the presence of parasite DNA and Leishmania-specific
antibodies will identify those individuals likely to benefit most
from a vaccine or other intervention [30]. Because vaccines
against VL are in development, the tests used together could
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help to set enrolment criteria for trials as well as defining
end-points to assess vaccine efficacy.

A limitation of this study was the small sample size, which
may be the reason for lower disease conversion rates (5%)
than previously reported [11,23]. We are also aware that,
because positivity in the rk39 RDT was the criterion for initial
screening in this study, we may have preselected individuals
who were already high in antibody titres against Leishmania.
This study was undertaken to identify tools that can reveal
how asymptomatic infection emerges and contributes to VL
incidence and how to design vaccine trials [29]. To clearly
understand the utility of the tools we generated, they should
be used in longitudinal studies on large populations within
endemic regions with no preselection except for past VL
disease. Such a study will help us better use these biomarkers
in the detection of asymptomatic infection and design effective
programmes for disease control.
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Abstract

Tuberculosis (TB) remains a serious threat for human health. The majority of TB cases arise from latent
Mycobacterium tuberculosis infection (LTBI). Therefore, latent M. tuberculosis infection (LTBI) is a major reservoir of
the pathogen, and every effort thus should be made to diagnose LTBI to ensure completion of the treatment of it. TB
is endemic throughout most of the tropics, in which parasitic infections are prevalent as well. It was reported that Helminth
infection, including hookworm, is a risk of active TB, but its effect on the establishment of LTBI is unknown. In this study,
we conducted a cross-sectional survey of LTBI and parasitic infections among 240 children from schools situated along
the shores of Lake Victoria in Mbita district, Kenya. Blood samples were analyzed for LTBI and enteric parasite infections.
Among the 240 children examined, 75 (31.3 %) were found to have LTBI. Of the 75 children with LTBI, 10 children (13.3%)
were found to be positive for hookworm eggs (odds ratio: 3.02; 95% confidence interval: 1.14-7.99). Our study suggests for
the first time that hookworm infection is associated with not only active TB but also LTBI.

Keywords: Kenya; Hookworm; Neglected tropical diseases; Latent
mycobacterium tuberculosis
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LTBL: Latent Mycobacterium Tuberculosis Infection; TB:
Tuberculosis; STH: Soil-Transmitted Helminthiasis; BCG: Bacille
de Calmette et Guérin; MCV: Mean Cell Volume; MCH: Mean Cell
Hemoglobin; MCHC: Mean Cell Hemoglobin Concentration; PBMCs:
Preparation of peripheral Blood Mononuclear Cells; ESAT-6: Early
Secreted Antigenic Target 6 kDa protein; CFP10: 10kDa Culture Filtrate
Protein; PPD: Purified Protein Derivative; ConA: Concavalin A; IFN-y:
Interferon y; Th2: T helper 2; Th1: T helper 1; IL-10: Interleukin-10

Introduction

Tuberculosis (TB) is a disease caused by Mycobacterium tuberculosis,
an acid-fast bacillus and is a serious threat for human health. In 2010,
8.8 million people newly developed TB and 1.1 million people died
from TB [1]. After the infection is established, the majority (~95%) of
individuals does not develop the disease, but instead maintain long-
term latent infection. Five to 10 percent of asymptomatically infected
persons develop TB during their lifetime by endogenous reactivation.
Therefore, Latent M. Tuberculosis Infection (LTBI) is a major reservoir
of the pathogen, and every effort thus should be made to diagnose LTBI
to begin treatment of it in order to reduce TB burden [2].

Parasitic infections are common in TB endemic areas and are likely
to impact on the high burden of TB [3]. Among parasitic infections,
neglected tropical diseases caused by parasites, such as filariasis,
onchocerciasis, schistosomiasis, and Soil-Transmitted Helminthiasis
(STH), are still serious problem for human health. A high prevalence
of STH and schistosomiasis are closely related to poverty, poor
environmental hygiene, and lifestyle [4]. It is estimated that 1.4, 1, and

1.3 billion people globally suffer from Ascaris lumbricoides, Trichuris
trichiura, and hookworm, respectively. Seven hundred twenty million
people infected with STH are estimated to have clinical symptoms,
and approximately 135,000 people die from complications per year [5].
Recent studies also suggest that chronic helminthic infection may reduce
the efficacy of Bacille de Calmette et Guérin (BCG) vaccination, a live
attenuated vaccine against TB [5,6]. Furthermore, regions with a high
burden of helminthiasis are correlated with a high TB burden, implying
that helminthic infection is a potential risk for TB development and
vice versa [7]. However, the relationship between establishment of LTBI
and each parasitic infection is unknown.

TB in children is public health problems with special significance,
because children are more likely to progress life-threatening forms of
the disease than adults. Besides, TB in children is a marker of recent
transmission. However, information has been lacking about LTBI and
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its risk among children in TB endemic area, so far. Kenya has a large and
rising TB burden [8] and it ranks 13th among the 22 high-TB burden
countries in the world. The incidence of TB in Kenya was reported as
29,800 per 100,000 people in 2010 by the World Bank report released in
2011. A high prevalence of other infectious diseases, including parasitic
infections, has been reported in Kenya as well [9-11]. Mbita is located
on the lakeshore of Lake Victoria, Nyanza province, Western Kenya
and is endemic area of several life threatening infectious diseases. In
this study, we investigated the relationship between LTBI and parasitic
infection among school-aged children in Mbita, Kenya.

Materials and Methods

Ethical considerations

Study procedures followed were in accordance with the ethical
standards of the Helsinki Declaration and approved by the Scientific
Steering and Ethical Review Committees of the Kenya Medical
Research Institute (SSC No. 2084). All data collection activities were
careful explained, and oral consent was obtained from the district
authority and other opinion leaders (health personnel and education
officials), the headmasters, and the representatives of the pupils’
parents. Informed consent for the participation of children to the
study was obtained from the parents/guardians. The consent form was
written in English and translated into the local languages (Kiswahili
and Luo) to obtain understanding for the study. Pupils whose parents/
guardians had given consent were provided with an explanation of
the data collection activities and were allowed to not participate or
drop out of the study if they chose. The parents or guardians of the
children enrolled in the study did not incur any cost for the transport
or processing of the samples.

Study area, design and population

This cross-sectional study was conducted in Mbita district located
around Lake Victoria in Nyanza Province, western Kenya. The
population in Mbita district is 55,929 [12]. The study target population
comprised primary school children in standard four, aged 9 to 19 years.
There are 64 primary schools in Mbita district. The total number of
school children in standard four in the year 2011 was 1,747 (859
males and 888 females, District Education office; described in research
proposal SSC1088). About aqueous supplies, 84% of the household
use water of the lake. But particularly 53.2% of the students in Kombe
who go to school in the city use the tap water. In the hygienic status,
there were some differences between schools at the diffusion rate of the
restroom.

Cluster sampling was used with primary schools as the clusters.
Prior to randomization, information on the number and size of the
schools in the study area was obtained from the district education
authority and entered in a computerized database. Information of the
longitude and latitude of each school was added to the database using
mapping data, obtained using global positioning system hardware.
Schools were ranked by geographical location to allow for equal
distribution of the schools over the study area. Seven primary schools,
including Kombe, Wanga, Nyawiya, Usungu, Ngodhe SDA, Wasaria,
and Kamasengre, were randomly selected using R version 2. 14. 0
software. Pupils in standard four in the selected schools, whose parents/
guardians agreed to the study, were enrolled in the study and assessed
for BCG vaccination status and a history of ever being exposed to TB at
home. Stool, urine and blood samples were collected from all registered
individuals for diagnosis of the various infections.

Exclusion criteria

In this study, children were excluded if they did not complete an

examination or the number of CD4-positive T cell counts was under
500 cells/ml. The reductions of CD4-positive T cell counts are more
likely to indicate the infection of HIV.

BCG vaccine inoculation career

To know the status of previous vaccination with BCG, we checked
the presence of BCG scars on the skins of the children.

Detection of intestinal helminthic infection

The children were appropriately instructed about the procedure for
the collection of stool, after which they were given labeled specimen
cups on the day before the test to collect stool in the next morning.
The stool specimens for 3 consecutive days were transferred to a field
lab and examined for hookworm eggs within an hour and intestinal
helminthic infections by the Kato-Katz thick smear technique on the
next day [13].

Detection of Intestinal Protozoan Infection

Intestinal protozoan infection was examined by the thin smear
method using specimens collected as described above.

Detection of Plasmodium falciparum, P. malariae, P. ovale,
and P. vivax

Plasmodium infection was identified by microscopic examination
of a thin blood smear after staining with Giemsa. Four types of malaria
parasites were distinguished by their morphological characteristics.

Measurement of hematological indicators

Blood samples were analyzed by using BM6050 (JEOL, Japan) to
examine the amount of the hemoglobin, the number of red blood cells,
and hematocrit. Mean Cell Volume (MCV), Cell Hemoglobin (MCH),
and Cell Hemoglobin Concentration (MCHC) were calculated.

Detection of LTBI

PBMCs were purified from heparinized blood samples using BD
Vacutainer cell preparation tubes (Becton, Dickinson and Company,
Franklin Lakes, NJ USA 07417) according to the manufacturer’s
instructions. After blood drawing and inversion, cell preparation
tubes were centrifuged at 1,800 rcf for 20 min at room temperature.
PBMCs were then collected, washed twice in Roswell Park Memorial
Institute (RPMI) medium, and resuspended in 2.5 ml of RPMI medium
containing 10% FCS and 50 uM 2-mercaptoethanol (RPMI complete
medium).

M. tuberculosis infection was assessed by monitoring T cell
responses to ESAT-6 and CFP10, which are produced by M. tuberculosis
complex but not by Mycobacterium avium-intracellular complex and
BCG. We used overlapping synthetic peptides to detect T cell responses
to ESAT6 and CFP10, because using these peptides can prevent the
effect of nonspecific reactions due to contaminations of mitogens, such
as LPS, and shorten the time to detect a reaction compared with use
of recombinant proteins. The amino acid sequences of the synthetic
peptides are as follows below.

ESAT-6 (1-20) (H-MTEQQWNFAGIEAAASAIQG-OH),
ESAT-6 (11-30) (H-IEAAASAIQGNVTSIHSLLD-OH), ESAT-
6 (21-40) (H-NVTSIHSLLDEGKQSLTKLA-OH), ESAT-
6(31-50) (H-EGKQSLTKLAAAWGGSGSEA-OH), ESAT-6
(41-60) (H-AAWGGSGSEAYQGVQQKWDA-OH), ESAT-
6 (51-70) (H-YQGVQQKWDATATELNNALQ-OH), ESAT-
6 (61-80) (H-TATELNNALQNLARTISEAG-OH), ESAT-6
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(71-90) (H-NLARTISEAGQAMASTEGNV-OH), ESAT-
6 (76-95) (H-ISEAGQAMASTEGNVTGMFA-OH), CFP10
(1-20) (H-MAEMKTDAATLAQEAGNFER-OH), CFP10
(11-30)  (H-LAQEAGNFERISGDLKTQID-OH), CFP10 (21
40)  (H-ISGDLKTQIDQVESTAGSLQ-OH), CFP10  (31-50)
(H-GQVESTAGSLQGQWRGAAGTA-OH), CFP10 (41-
60) (H-GQWRGAAGTAAQAAVVRFQE-OH), CFP10 (51
70)  (H-AQAAVVRFQEAANKGKQELD-OH), CFP10  (61-
80)  (H-AANKGKQELDEISTNIRQAG-OH), CFP10  (71-90)
(H-EISTNIRQAGVQYSRADEEQ-OH), and CFP10  (81-100)

(H-VQYSRADEEQQQALSSQMGF-OH) were synthesized. After
purification with HPLC with over 95% purity, peptides were dissolved
with DMSO and mixed together to a final volume of 1 mg/ml for each
peptide in each antigen.

PBMCs were cultured with PPD purchased from Japan BCG
Laboratory, ConA was purchased from Sigma-Aldrich (Organic
Materials and Fiber Sigma-Aldrich Corporation, St Louis, MO), and
the synthetic peptides mixture was obtained according to standard
procedures or without stimulants as negative controls. In brief, PBMCs
derived from 250 pl of blood were suspended in a half volume (125 pl)
of RPMI complete medium and seeded into the wells of 96-well round-
bottomed tissue culture plates (Becton, Dickinson and Company,
Franklin Lakes, NJ 07417). Another 125 ul of RPMI complete medium,
which contained each antigen peptide at a final concentration of 5 pg/
ml for ESAT6 and CFP10, and 10 pg/ml for ConA and PPD, was then
added to the wells. The plates were incubated overnight at 37°C in a
humidified atmosphere under 5% CO,. The supernatants were collected
and frozen at -30°C until assay.

The amount of IFN-y in the supernatants was assessed by using the
immune-chromatographic test, which was a house-made for research
use in Otsuka (Paper preparation, Fukushima et al., Usefulness of the
measurement of interferon-gamma in tuberculous pleural effusion and
quantiferon samples by the immunochromatography test). Briefly, 50
wl of culture supernatant was added to the reaction tube and the test
stick, in which anti-IFN-y antibody was embedded, was soaked in the
supernatant. After 15 minutes, the test stick was transferred to the well
of a plate containing 100 pl of washing buffer. After the color of the
background of the test stick disappeared, a positive line was visualized
when over 125 pg/ml of IFN-y was contained in the supernatants.

Data analysis

Data were analyzed with Mann-Whiney test, Wilcoxon rank sum
test, chi-square test and odds ratio by using IBM SPSS 20.0 software.

Results

In this study, we analyzed data from 240 school children. The
demographic characteristics of the study population are shown in
Table 1. One hundred sixty-seven students (53.8%) were vaccinated
with BCG by confirming BCG scars on their skins.

We evaluated LTBI in a comprehensive manner with conventional
health assessment and in vitro-examination of T cell immune responses
to ESAT6 and CFP10 that are unique protein antigens expressed by

M. tuberculosis, but not from BCG vaccine strains or the majority of
non-tuberculosis mycobacteria. By examining culture supernatants of
PBMCs derived from 240 students, who did not show fever or prolonged
cough over 2 weeks by a health assessment, we detected more than
125 pg/ml of IFN-y in 191 children (79.6%) when their PBMCs were
stimulated with PPD and more than 125 pg/ml of IFN-y in 75 children
(31.3%) when stimulated with ESAT-6 and CFP10 (39 females and 36
males) (Figure 1). All responders to ESAT-6 and CFP10 were included
in the PPD responders. As predicted, BCG vaccination did not show a
correlation with responses to ESAT6 and/or CFP10 (p=0.11). Based on
these results, the children were assigned as individuals with LTBI when
they did not show any symptom of TB and their PBMCs produced
IFN-y upon being stimulated with ESAT6 and CFP10.

We simultaneously assessed infections with various parasites.
There were no differences among schools at the prevalence of protozoal
and parasitic infection except for S. mansoni. Table 2 summarizes the
number of students found to be positive for hookworm, A. lumbricoides,
T. trichiura, Schistosoma mansoni, Plasmodium falciparum, P. malariae,
P. ovale, P. vivax, Entamoeba coli, E. histolytica/E. dispar/E. moshkovskii,
Todamoeba, Giardia intestinalis, Balantidium, Coccidia, and Blastocystis.

The association between LTBI and other parasitic infections
was examined using the Mann-Whitney U-test, the Wilcoxon rank
sum test, and the chi-square test. We found a significant association
between LTBI and hookworm infection (p=0.02). By contrast, we did
not find any association between LTBI and other parasite infections.
The p values for comparison between LTBI and each parasite infection
were p=0.61 for A. lumbricoides, p=0.22 for T. trichiura, p=0.30 for S.
mansoni, p=0.16 for P. falciparum, p=0.50 for P. malariae, p=1.00 for P
ovale, p=1.00 for P. vivax, p=0.71 for E. coli, p=0.86 for E. histolytica/E.
dispar E. moshkovskii, p=0.22 for lodamoeba, p=0.28 for G. intestinalis,
p=0.18 for Balantidium, p=0.21 for Coccidia, and p=0.68 for Blastocystis
(Table 2).

The numbers of individuals positive for hookworm and LTBI are
shown in Table 2 together with their odds ratios with 95% confidence
intervals. The odds ratio of individuals infected with hookworm for
LTBI was 3.019 times that in individuals without hookworm (95%
confidence interval: 1.14-7.99), indicating a possible association
between hookworm infection with LTBI among school children.

Discussion

In this study, 75 out of 240 (31.3 %) students were defined as LTBI
among the students of standard 4 in Mbita, Kenya. Ten students were
infected with hookworm out of 75 individuals with LTBI, while there
were eight students with hookworm out of 165 individuals without
LTBI. The odds ratio of hookworm infection in the LTBI population
was 3.019 times as high as that in the non-LTBI population.

Many parasitic infections, including helminthiasis, are called
neglected tropical diseases, which are specially endemic in low-
income population in the developing countries but affect over one
billion people [14]. The prevalence of hookworm infections, such as
by Ancylostoma duodenale and Necator americanus, are estimated to

L Kombe Wanga Nyawiya Usungu Ngodhe Wasaria Kamasengre
Characteristics n
. =26 (n=25) (h=40)  __(n=39) SDAm=25)  (n=6T) _ (n=28)
Males 105 14 12 19 16 9 24 1
Females 135 12 13 21 23 16 33 17
__Meanage 240 1182127 122%133  M8%177  107£116  114%160 120166 123%244
Table 1: Number of school children in standard 4 examined in each school in Mbita, Kenya.
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Figure 1: Number of asymptomatic ESAT6/CFP10 responders (LTBI
population) and non-responders in male and female study subjects. The vertical
axis indicates the number of students.

be frequent in developing countries, such as Asia, Africa, and Latin
America, and approximately 740 million people are infected with
these parasites in worldwide [14]. Infections with helminths, including
hookworm, cause distinct immune responses. It is generally accepted
that helminthic infection causes T helper 2 (Th2) immune responses.
For example, Th2-dependent eosinophilic pneumonia is frequently
observed after infection with a significant number of helminths, such
as filaria, hookworm, or A. lumbricoides. However, some reports have
shown that T helper 1 (Th1), rather than Th2 cytokines, are produced
from PBMCs derived from hookworm infected-individuals in endemic
areas [15-17]. In endemic areas, people are frequently exposed to
pathogens that induce a Th1 response before or after they are infected
with helminths, which may be the reason why Th2 immune responses
appear dampened, even in those co-infected with helminthes. Infection
with protozoa or bacteria that can stimulate a Th1 response results in
suppression of the Th2 response induced by helminthic infection in
mouse models [15,18,19].

On the other hand, it was reported that co-infection of both
helminths and M. tuberculosis results in the suppression of IFN-y
production [20]. The Th2 response caused by hookworm infections
may suppress a protective Thl response against M. tuberculosis
infection, and therefore, hookworm infection may allow the survival of
M. tuberculosis and vice versa. Because we detected LTBI by measuring
IFN-y, an indicator of Thl response, we cannot deny the possibility
that LTBI-negative 8 children who infected with hookworm are false-
negative for LTBI. Taking into account this possibility, our data indicates
all the more significant association between LTBI and hookworm.

In our study, only hookworm infection was correlated
with LTBI, in spite of the fact that other helminths, such as A.
lumbricoides or T. trichiura, can evoke robust Th2 responses, as well as
in the hookworm infection. In addition, we did not find the significant
increase of the level of peripheral eosinophils, which are index of the
Th2 immune response compared with those in uninfected children in
this study. It is likely that the shift of an immune response from Thl
to Th2 caused by helminthic infections is not a sole reason to explain
higher ratio of LTBI in hookworm-infected students.

Immunosuppressive T cells, such as regulatory T cells (Treg),
suppress cellular immune responses through direct contact with
immune effector cells and by the production of regulatory cytokines,
including TGE-$ and IL-10 [21,22]. It has been reported that
hookworm infection causes induction of CD4*CD25*FOXP3*IL-10*
regulatory T cells [23] and repeated infection with hookworm stimulates
production of high levels of IL-10 [24], which inhibits host protective

immunity against M. tuberculosis. Accordingly, there is a possibility that
hookworm-induced IL-10 impacts on the sensibility to M. tuberculosis
infection.

It is generally known that iron-deficiency anemia is caused by
heavy infection with adult hookworms in the intestinal tract. It is
estimated that 36 million out of 1,300 million people infected with
hookworm have iron-deficiency anemia, and 65,000 people annually
die from hookworm-induced anemia. Iron-deficiency anemia is
a typical symptom observed in individuals heavily infected with
hookworm, but rarely seen in those with other helminths. Iron status
also affects TB disease; for example, iron overload is reported to be a
risk for TB progression [25]. In this study, the MCV and MCHC of the
students, which are indicators of iron-deficiency anemia, were lower
than the standard values generally, but there was no difference between
hookworm-infected and non-infected children (MCV: p=0.35; MCHC:
p=0.47), and there was no difference in iron status between responders
to ESAT6 and/or CFP10 and non-responders (p=0.16). Accordingly we
did not observe obvious effects of anemia caused by helminth infection
on the establishment of LTBI in this study.

The current study found that hookworm infection was associated
with LTBI. As discussed above, the exact reason of this finding is unclear.
In mice model, recent report showed that Mycobacterium-specific both
Th1 and Th17 cells by hookworm infection enhances establishment of
LTBI [26], supporting our human study. We consider that next studies
should examine whether this association can be observed in other area
and adults as well. Addictively, the studies should be conducted to
examine whether hookworm infection causes expansion of the LTBI
population and/or directly contributes to TB progression in addition to
establishment of infection because there are several reports indicating
that helminthic infection is a risk factor for developing TB [27-29].
Our study suggests the necessity of the deep studies to understand
the relationship between M. tuberculosis and hookworm infection on
the prevalence and progression of disease in high-burden countries,
including tropical and subtropical areas.
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Incidence of Soft Contact Lens Disinfectant Bottle Contamination
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V7 RhALEYPLPX (SCL) HEFOREESELR
EET 3 /-5HIC1836I0) SCL EREH 5 ERHD SCL
HEFEEINL 720 SCLESHORBAED 641 (3%)
POMBEASRE SN, 558 H OB % D586
(32%) POMEHBVREEFrBEE SN, BEHH
BH (PHEERENTC) L#Y (FHESEEH
11°C) ICHWTREBERICER Lo/, HEHEHEE
AHEORICE P REEOBRVEIROS WAL >0
He RS SRR R ARERR L Y EBICRESE
Ehof (34%X6%) . BRBRHOBLPOBREIhAE
B2 ARMEEI08, 75 LABMSESE, 754
BEIRE196], B 161F >4, SCLIESHIRRHEOL
EEICFRENTSEY, SCL 7—ABROEE & HEHEY
LT3, SCLIESHERITEZICNYIES L5387

BPUWENDH B, " (B3LEE 55:109-113, 2013)
F—T—FNE, FR ALETMLIXST, HE, FACN

FA—=N
We investigated the incidence of contamination of
soft contact lens (SCL) disinfectant solution bottles
collected from 183 SCL users. Bacteria were found

in 6 (3%) of the solutions and bacteria and fungi were
found in 58 (32%) of scrapings from bottle nozzles.
The contamination rates did not differ for bottles inspected
earlier in the investigation period (mean highest
temperature about 27°C) compared to later in the
study (mean highest temperature about 11°C) and did
not correlate with elapsed time after opening the botile.
However, the contamination rate was much higher-
(34% versus 6%) for multipurpose solutions than for
hydrogen peroxide solutions. The organisms
identified on disinfectant bottle nozzles included 30
Gram-negative rod species, 25 Gram-positive rod
species, 19 Gram-positive cocci, and 1 fungus and
were similar to organisms detected in our earlier study
of contamination of SCL storage cases. This study
shows that SCL users need to handle disinfectant

solution bottles with greater care to prevent contamination.
(J Jpn CL Soc 55 : 109—113, 2013)

Key Words : Disinfection, Contamination, Contact Lens Care,
Bacteria, Acanthamoeba
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DEEREBIVZOHBER2AE L 72
EERAEL S ICHE

ZESEFTOME (R1) 2D TN, SCLEHE
HEFHLTWASCLERELT S,

FiEik, SCLEHAEDASE B &L O SCL EFHRIA
EDHOT r— FEMK (R2), #FL (Z A A — F500
M) ##HEOSCLEZHE LDICHEL, &ER2a
HDTRFZ L7, SCLEFHZEHL TS SCLEREIC
WA L7z, BAZFICIFER EHTOSCLEER &,
FRALT ¥ — MEKEZ EHESEFEICANTRERKZRIC
BREERz, FEHRIGEXI N HELREEEL, 1
AR LI E LD THERERRICEMN L, BRERXEE
KERZLRHE RBERRRIREIR A3 3 OFNEIHE - THEH
B & A Z O EERERICT T 5 EERELIT o
2o BEFHOFEBRBREICOVTIHERKZEIIBVT,
Ikeda Y O FEIICHE - TT H ¥ b7 A — 3D real-time
polymerase chain reaction (ELF PCR) ERE % 17T o 72
FOR, 75 4 < — I Acanthamoeba D18S tDNA 4B I8
FHREMICELER, forward:5-CGACCAGCGATTAGGAGACG-3,
reverse:5-CCGACGCCAAGGACGAC-3 & L, 7u— 7%
5-FAM-TGAATACAAAACACCACCATCGGCGC-BHQ & L7z,

RIBIC L ABEREDECEARDLIZD, REITEHE (2011
F£9~10A. BRICIBI 2 FHRERE W27C) LBH

(2012481 ~ 3 B, HEIZ BT 2 EHEERE H11T)

b:ﬁ}bj‘fﬁ‘o 7‘:0
ng %

RURAOSHY, #HISHHI, EFBBIDOMAMEIL S ize &
BRSOV TIERIEID 441 (4 %), BED 281 (2%),
A0 641 (3%) 2 oMESE S Nz, BEHFHO
BB OV TIEETH 03061 (31%), #H D284
(33%), HAGETD58F (32%) 2 HHME T 72T EHE R
HaEnhi, BHENBOBBREPMEP o720, THAY T
A —NZx§ B real-time PCR BRI A Z5 H DR RAE D
REMNBELT DI L E LIz HRIZHTEITIZ200copies/m £
@ 1B, #EITI131,850copies/m£, 2,835copies/m{, 3,125
copiesmf D& 1 BI$0, F4BAPLT A FPT A =N

21 WEHE—K

ik BriEHh A H L ERD
S LA BHE & —K
EEPCRHERER FRUAD R+ FH
AR BHE .
TRIEMRR PN fi¥E BR
v T 5 IRE im0 e B

HalL#% 2013%

DNA W BBl & N7z, BB cHRIEEICERLRE
Whaholizo, UBoF—F73migHzdbee
18335 & LT, &5t BN 2iTo/. T/, FHN
WOBEFNI Db olzizd, FEHOHNBRAKEDOAR

£2 VvI7rarvy sz LY X (SCL) HEZICHASER

T ¥ rAKOEER

i
el

1 H SCL mF&EHl
(1B, 2:BMZcH:, 14 AR, 34 Ak, €of)

SCL DEFREE
GA6~7H, B3~5H, #H1~2H, ZhLT, Z2ofh)

FERTO SCL HEH OREHEEA %
(3EBA, 1EMMA, 28EMA, 1HBA, 248
DA, 2HA%Z 2%, FH)

%3 SCLEFHBRAZOWRETIH

1. SCLEBHASFRZ EXy M CTHil. ARCHESHEREOERAY
TTHE, AU 7% ImlORBEREEKEANTI FH—-CRY
%0
2. B0 S b, HS0ulx MPEREH/ 7T AFE—LVT NV — (BTB)
FEREEMITIEY, BTLRHEET 5,
3. Bo/WiET7TH Y PTA—/SPCRIRE (F4) KEHTS
4. WREEEE, 2. OEBTIT=-OFFAEREETV, UTOFET
BEMHBLUBETRANL, EREKRELREEZT).
1. 75 ABHERE
O 55— CHEBEBEOEE, BB a7 7y —-YRBRETY, &
a7 FYRE (B o775 - ¥BET FYHE (CNS)
ST 5o
@BKOHE, EF EREHICERE LBRFIRD LN 5A1BR
HEFET %0
@EFEREHICRFT LG, IRERERTO JANEEE
L, BEH (B, oyl (B 58T, &
HEHEBENZT) ARPSFEH),
@oeBEmMERLIZES, A7 e VEEEEBRZTV, B%E
T & NI Streptococcus pneumoniae & R E L, W THhid
o -Streprococeus £ 5 o
@BIMD 72 WA y -Streptococeus L3 5o
I. 75 ABHRE
OFRBHEDOEE Bacillus BLFIET 5,
@FRafeEnBs, » ¥ 7 —CREEMEIE Corynebacterium &, &
IS BHEBERMED Lactobacillus B & 5,
0. 795 AEHEE
TG —ERER T NI~ ADRBEEOHEBI A XV 5 —¥
RERZIT) o
OFva— AR, +XV5—YBER
Vibrio #F, Aeromonas ®t, Plesiomonas BE L CRHEZ#D 5,
@OrVva— A, FFVIV—-YREH
BAMERE LT, 7V —EXREH, VYU UREREH ¥
EVX - J VBT MU U LK, DNASEH, SIMEEH, VPE
BB OMERICL YV AL ED D,
@7 Va—-AERE, FFVF-YBUR
Pseudomonas B, Burkholderia J&, Alcaligenes |&, Achromobacter
1B, Chryseobacterium B L TEEEED 5o
@7 va—AFEERE, FFV5-ERER
Stenotrophomonas J&, Acinetobacter B L THE%ZED 3,
®rva—2EERE (LE0G. @Y
ID7AMNFIBZEALT, BHEEZRET 5.
. HERBIZFROL) REETHEEEEIT) (EMIE CFUML),
(%) 10°LLF, (+) 10%75, (2+) 10°% (3+) 10°BL

ot

PCR : polymerase chain reaction, SIM : sulfide-indole-motility,
VP @ Voges-Pronskauer
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£ 55 % g£25

180 p=0016

160

140

120

%) 100
#

80

60

109

40

20 . ' ']

16
0 % BROEH ' BE LA ‘

F1 v7barss by X (SCL) EEAESRHOTEEHREDE
BRI L SCL B OBIEE OBIE (BB TEEES D)
B:mgsy, [ BRal

4 SCLERET ¥Ir— MNERHER

£ 16~54i%, FHERS+ 7R (EHFEE)
PR % 115081 5 : 33
1A sCL 2
2 JEEASH SCL 149
18 SCL &5 1 % F35#: SCL . 19
371 A3 SCL 1
Z il 12
EB6~7H 162
#H3~5H 9
SCL R E 1~2H 5
ZFNLLT

3EMA 2

1 BMLA
2 B DL 19
. ) 17 BLUA 54
B EE A A 2% H B 59
2HRRZZA 36
ABH 13
BAZL 1

st e L,

SREFIF166610% BEA (LT MPS), 17417588
RFHEZFEALCTBY, BEROBEEREICZONT
MPS D576 (34%), BEEALKZERO 1H (6 %) 2iHYE
BRDHLN, MEOZIFMIMITERTH 72 (1),
MPS HEHZ ONRIZEBER ) AFY=F (T PHMB)
HIMEEEH312660, Polyquad *EHZMOBITH o 7228, %
NZIIZDWTIELH12426] (33%), 1561 (38%) TH Y,

111

B
60
’ ’ T
20 "
25
0 T = 1
PHMB Polyquad

M2 SCLEZEMERHOBBEEREOFERLS BNAMOERLD
Mk (CRECCEEERZL)
B kb, (%L
PHMB : REER Y ANFH = F

#5 SCLEFHORAREREH L FRBOMERREORE

BIEREAME  SCLMBAIS M OOBRRE %iﬁggﬁ
2MMPPS  ERBHY 8H EREL I
ThBE B a6 Rkl coep 0 P07
LHAMA kb o ERELisA
ZnBLE Bby oohl wRuL oo o P04

27 ALA Hed 4661 HRE L - 874

% -
FRBE  BEBY  sf FRnL osm S @=0158)

MPS DEERSTDOEVIZIAHBREEOEZRIRD LN

Mol (HM2).

BHECRASERLT Y — POERRREER4ICR
T MHIEIE LM TIZ32% (150681+48%1), BHETIII0%
(33BUR10%) THY, I L BEIFED SNE b o0
fEfI SCL f&5l, SCLEHBEEICODWTIZEhEh [2E
A HSCL), T[6~7 HOMHE] W"KEHTH57:90,
SCLTER, HHREEOEWVWICIOWTOMEINMEIZITH
2ho7ze SCLIEEH OMEEOMAIE IO W TIZHE
#HH 3 HUW, 1EUARBEDGD2d o720, HEE
28PN, 1ARUA, 22ADRAEZZAThERL LT
REBERARCOWCTOBRN 2T o7z, [FAH] BLT
[FBAZL] BRSEAE Uiz, BREERSIIRLAEBED,
WFRIZBWT S FREBRERAPEHOENC X AFERRED
ZIXFED N h o7,

BEHOREEREr ORBEN-ABEEEOMEL FF
MEFNFNEBIUERTIORT, BT ABER
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£ 6 SCLIHBAFHHNOREERES, SR ShAHE

REBEE R BIEL
7T ARHERE 30
77 AEHERE 25
75 A ERE 19
HH 1

BV ERDIEL L, RWTT S 2BERE, 77 2BHEEKE
DNEL 72 Y, B TIE Bacillus subtilis & coagulase-negative
Staphylococcus (LI T CNS) ASEH M ORER, KEEE
HEERDFEL Y — B D BTz,

& =

SCL DHFICHV2HBHBAEIME, EHE, 74>
PP AL o THEREINTHWBREBIZMETH S, L
2 L19874F, Donzis 5 W XELZ{CLEZHFHL TS
100 DEFEH 5 EIX L 7212640 CL 7 7 HHINER D
3% WCHERFEL TR EZzHEL s 05,
Kanpolat & © & SCL 25 H & 3061 % ft& & LT MPS i &
(23%1), BERALKRFERE (66 OXNERITHIZE
W, HBHIBRLOHT LAY Y I VoBERERELT
Wb, B Pseudomonas ZZ L O ETEHT 5 LK
MEARE & Staphylococcus epidermidis #1Z L E§ 3575 A
BB ATITIZR B CTH o 720 Collins ™ & 1344610 SCL
FHED2AMMER L7 SCLEER OB TY ¥ 7 V2 it
212, Polyquad®#1®14%, PHMB F D 3 %, #ABE{LKE
D4 %P HMBAFRLRERIBLTBY, Z2O0FXTHESS
ABEHRETH oo 72, Yung 5 1101610 SCL %
FEZaS L L2REICB VT, SCLEFHER,OH
TLAY Y IvDll%d» oME 2Rl L Tw5b, MEEIEE
Serratia, Staphylococcus aureus, CNS 72 EWNETH o 726
AEEHO (J ANVE) OFEHIZDOWTIE Lipener 52 234
HEBKARZEOO0% 2 oMELZHRE L Tna, BEHE
BREEZRILDETESTLABREEENIED L L, KR
TS. aureus R ED T T LFEHEERKE & %5 T b, Sweeney
59 34061 D SCLERZE 2 X RITV VY VB, ethylene
diamine tetraacetic acid (EDTA) R EOWEHI#&5%E T 5
EEEEKR-HE e 186, 288, 38H, 448
FfER &2 5 LR, Hlo—iRicowTidks v v 70OR
JEOBIELZTThE TREERDOBVWEREL TS, £
DFER, ARED26%, HERHEODE5% D HHMEH 5\ ik
BEE 2R L7225, ERHERICL &, $50ITERC
BHLAEBRE Xy TORTHEDZTT - 2 EBOMI
ErRdhhol. REBHRCNSZELDHETHIT A
BHEHFEIZEDE L, WWT Bacillus Bz E DY 5 2K
BREELHEL TS,

BabLsE 2013%

RT7 SCLEBAFHRLOEEERES SREBENTH

HHE Bl

Bacillus subtilis 20

coagulase-negative Staphylococcus

—
[o3]

Serratia marcescens
Achromobacter xylosoxidans
Bacillus spp.
Stenotrophomonas maltophilia
COWZ[ZWLOTM!S acidovorans
Pseudomonas putida
Micrococcus spp.

Aspergillus niger
Staphylococcus aureus

Pseudomonas aeruginosa

= e DN W W U 00O

Sphingomonas parapaucimobilis

SROREIT SCLHEFH 2R E L, HABRNED 3%
WZBWTHEREZBRE L. ZOKEHRIZ Collins 57 45 SCL
{H# M PHMB &I, #BRILKEHCHRBERE LI —HL
T, FZHHOMBEBERMAKIZO VT, Collins 5D
RL7MPS DEBRATDEVIC L Z2BEFEOEZIRD S
Nadol. LEBRHOBORMEEIU% TS,
Lipener 5%, Sweeney 5" 2SEH &R KORFHOTHE:
55~60% &\ ) FER L D v, T OEISCLEEHR L&
BEAEKDOBENCETLLOR, BERENIVTIATY
AREDENZEBDOPIIRAHETH SAY, SN, Fith

WOMMEY, LHEFIVRNEEZ 5N BEIEK
FHACBOTHEBEL Koo 2 E2 5L, SCLES
FIOWFEIC L o THRIBENMEL o LTSRS 5, #
3 THNIE, SCL7A7IZBWTT T &L SIcAEaEEk
PHBHADTTEREFEAT AR, FEHEO, A%
NHEDOHERICTHERTILEND L LIk b, 1272
L, MPS L BEELAKZH CREAFTEINIKREL BEL BT
D, GEORBEROENHEEFENINOERIZL o TEL
TR D ZET 2 LEND B,

SHEOMEEBEIX 7 2ABEREIRDLS L, TOHRT
X SCLEFE# 35 & L/ Collins 57 DR EELL T
WABY, 7T LBHRE, 2T ABERED D AEERE
ENTVBLETER L, HICT 5 ABEERE TSR L
SCL {HE #1122 T ® Kanpolat 5%, Yung 5 D&,
HEEAEKIZD W T O Lipener 5°, Sweeney 5% D f% R
ERBELoTWD, TDLI) REMBERER EORED
BEWZI5b00, REBECEFEEDEVIILISL1D
B, HEVEFKERI VY TIA TV ADEREWIBLD
PEARBEEA, SCL & 7 H#El, SCLEEH»OMEEh
MBI T =V a vDBHEILIENTH DB, TH
Y FT A =2NZDW T real-time PCR E5BR T 4 #1238
WTTH ¥ N7 A—/SDNA ORI S iz, B
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£ 55 % % 2

dJn

SCLiE &A1
B l

RHih ORcEY

>{ R l

B3 SCL#RFr—X, SCLEHEAHERLMETNS 1122 HH%

CEETTHY T A= 0B, BB ) B5IR
RBRESPEARETH 5,

LIRT, &4 DSSCLBRES — ADHBLRRIIZOVWTHAE
L7, 79 2aBUREPR DS REBEN, RVWTST
7 LGHERE, 77 2RERROIETH 7. FHEIZS T
LEHRE, 77 2BURE, 77 2BREEREOIETH -
72%%, & BHIT CNS & Bacillus subtilis EREE 2 /%2 H &
THED, Ny —VFHBENHEANLTwE, 2ol ehb,
SCLIRFE — A DEGIE L SCL HEH 0 gR @
WHDBID, INLHIZRALPDRBYEH S I &R
N%, SCLIHEBEF AR & ) BREFHOMOBLEIHENT L
Mo, FRPLPABEOEMICE o TEBHOMMITHFLE
N, TRHSSCLEREY — AWMBOERIIO %NS I LA
Zzbhb, HICSCLEFH % SCL RIFr — ATEHT
BHBIC, SCLEBEr —AWOBICEMT A1k oT
FHRHOMINEREING, HEVETEHIIRBIEL S
TREME D B 5 A%, Lipener 5° OHROLHITF ¥ v 7O
R L fThhdho /2B RBEOBRBELLZ LD
LEZBE, SCLEETFr— X EBBEHABHMOXEIZD
Twodrd Liviv, —7F, FEL? 2K %EECLHBE
ABEREESEFATICBWT, CLEEr—ARNEREA
EREERR L OBEFRBEEIN TS, ThbExhbi
B , M3DEICFRHLVIEIRED L OWMEWHEYR
25, SCLRTE 7 — R, SCLiEEH], SCLE#A%BL TH
FEIZER L2 S IERE A~ DR BB 2 EHAER
T& b0 £D7%HPTSCLEFEAIDHEGRDE O BREHHE
B 20200, F-2ERO—B20PITHTHS
25, IRBRE~ORBGEH 7202 SCLEEFEX 2B BICR
DILREELEZ LMD, ‘

BFHEBOMOBEERFETHY, AFRBRIZIZLALTE
IR TWHRWILdhs, HEHEZTT2ERLTCERT
MISTEREIHLIBEWHTELLELONS, SHORER
TIFEG6IWRLAZE ST, BEHBFEREEICL2ZHS
PThP ol R LHSERERENOEI S CL EEA
RBRYIESIED A2 77 7 7 —ThHHEDEMIL, SEHO
HERERZTTIHBTE v, MPS DBEIZREIZHKLT
FEHTALLEDI, FHHTHENYS L) BET B HIE
BTH ). BEKFHOBEI 1 BOFEHESERR

113

Br—AlLoT—FLhoTnbhs, HHEMTHEN
HIGENEL 25, SEIIHAHEZ2ABUAL AU LEE
DOMHEEFT TR RELZD, BAEZ1AMTRE) 20
2, FBEFRREEBESOBEOHEFERA I T LD,
EVolmbHBUNEND B, 7272, Sweeney b DFER
hoEZDH L, HHEHEOEELEE SCLEHH O OM
BHRERTERGTH Y, FRATIIERRBERY TG
EAFELTVIHEEED H 5. HEHASHOSFIEI
SENBVIIEETS, FHARIEDIFYy T2HD
%, SCLEREr —ACHEHBH 2 EHRT ABRICEEHFHD
PHEEICEM L 2VWE 175, REDREPLETH S,
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PR 254FE 4R 10H

ERIRHTZE

351

Y AIERICBITA 754 - 77X 70— YO B OHHYE

2H Ok AR
WE HA =
E3

B #Y:ImpressionEIlLBT5L8E T7 ¥
JO0-3 YO _ERENEREERNT 5. _

WRESE : BLEMAEREE > T ZEBLEB% T/
192 51 213 BRICDWT, ERARMIAREBIEHEIZZD
CEBRMEESMEEL NOXNT T ¢ FICHEEL .
R R AR 165 BROMERE, MBI 107 R,
BEEMESAE, FHLRTA—NEISBRTHY, —F
BILTWTN DI BETH > EMIE MTRTH - 7=
(R 89.1% (95% 23X 83.1%~93.2%), HEE
79.1% (64.6%~89.0%)). —EZXEDRE/IHEE (L,

RE B REI=R
BF, HE FR
HARRRAEE

#

HEMAERICH VT 88.8%/82.1%, EFEMEAELIC
BT 81.4%/98.1%, 7HY b A—NEERIZEN
T 80.0%/97.0% &> 7.

% % : Impression FiC L3 _ERER, PEOY
CTNTREDEVEREBZ LNV TE, BICER -
THY M7 X—NBREEICE L TEEErS<ERMEY
=0, (HIREES 117 « 351-356, 2013)

F—D—R:TTLRE Tro¥70-7 YORE,
ThY T A-—NNEER, EREAERERX

Clinical Science

Efficacy of Gram-Fungiflora Y® Double Staining in Diagnosing Infectious Keratitis

Dai Miyazaki, Hitomi Uotani, Ryu Uotani, Fumie Takenobu
Koudai Inata, Atsuko Miyake and Yoshitsugu Inoue
Division of Ophthalmology and Visual Science, Faculty of Medicine, Tottori University

Abstract

Purpose ' To evaluate the efficacy of Gram-
Fungiflora Y® double staining for corneal scraping
samples collected by impression in diagnosing infec-
tious keratitis.

Subjects and methods : Two hundred and thirteen
eyes of 192 patients suspected of having infectious
keratitis were retrospectively studied for the sensitiv-
ity and specificity of Gram-Fungiflora Y® based on
final diagnosis. '

Results : Of 165 infectious keratitis eyes, 107 had
bacterial keratitis, 54 had fungal keratitis, and 15 had
Acanthamoeba keratitis. Of these, 147 eyes were
positive for one or other of the pathogens by the
double staining method (overall sensitivity/specificity
was 89.1% (95% confidence interval 83.1%-93.2%)/
79.1% (64.6%-89.0%)). Sensitivity/specificity of the

double staining for each of the pathogens was 88.8%/
82.1% for bacterial keratitis, 81.4%/98.1% for
fungal keratitis and 80.0%/97.0% for Acanthamoe-
ba keratitis.

Conclusion : The double staining method for
impression specimens was effective in diagnosing
infectious keratitis with high sensitivity, and was
especially useful for the diagnosis of fungal or
Acanthamoeba keratitis.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc)
117 : 351-356, 2013.

Key words : Gram staining, Fungiflora Y® staining,
Acanthamoeba keratitis, Fungal kerati-
tis
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BYEEAEROBUTICBNT, BEBOERLLL2FERE
BUEDATy 7 ThbH. BERICIIFEZBICELDL, &K
FEBOEGERIIL ZRABODEFEMOR Bl H
MR ENDODOH B, —F, BREEABELOREIIHNL
TZORERERICMEE L, 2, HEREIZHTIE
&, THLREOHREPFNTELVWEELE L, o),
BEIMBEOWMAEIT)HE, BRLELTHREDOET
OB BHREEDNH B, S 512, BHRBREDLITH B
BETHhoTh, TOREHREREIIN L CELERFID
B HVZ0bH T DBEEN TR,

T ryF70—T YORBHEOSA AL N, HR)IE,
BHEEXHTAHMHEICEEL, tVO—RLFF s
WHAEERED, Tk, EE - THY T A=
B RN IIEeT Y. I, REROEREE
bE., —F, BFRERDS T AGEIE, EERE AR
BEE LTRMENTWAY,

INLOFRBIZLY, MEBLCEREE, 7427
A =N, HEHEEEIE VLAV CRIBTTREE 42 5.
L2 LD b, IWEWERPLZODOEREEITH /2012
B EHIEARE OMAET 5 2 LIZERHIZIZES T
v, T, REMEBE AT VTAIA FT IR
BT AGE, T TINVOAREBNE I ERTER,
ZD=D, MEDPOGY VT VEEEAT A FFI A8
$EREL I (impression ) 2 EFE L 72,

SEE A, WE, EE, 74Y T AN
H o728, impression &2 & O > TR 2T, 7
TG, 77 yFTU-T YORBOZEREFIT)
SR O BRREVE B2 RE L0 THET 5.

I ®REHE

20044E 1B 1 H25 201149 A 30 H T TORIZ A
TREBARELL SN, A T7xr—aFarery 25
7o, BWTBANC CTERE LIS LTy T A% -
T YFEIU—F YT X 70 —-5) 8 ke (LT,
TERE)FTo7z 19261 213 BIZoWT, BIRN LR
REWr b LIl FORELRAEELZ LV VR AR T4 7
ARET L 7=, MBI, EEE, THY T AR
KOTKBENZ, FTROBE, WE~NORSEZ &7
8, Ko, JREYT Y 7O realtime polymerase chain
reaction(PCR)IZ & 2MIEE, EREE(Z=/"\—% V77
A=), TAY T A—NEOEEILETET>
720 BE, BEEE, RERBINCEOR, —ERe
BB L UBREDYT » TIVELE 1) Vassarstats 71175
% B WTEH L7z (http: //vassarstatsnet).

TRERN 27 7 — VHoTEB, WKL, 5200
A= 7 V=T TCRELLATA NI A2 HEICEE
8 L 4T (impression ) AT R L2 (K 1), #BiEE

HER&EE 117% 45

1 Impression & (C & 3 RAFREUE.
27— TTIREAIEBL TEEAY R ED R, F—
P L—=TWEWHELZASA PSS ATHLETS
ZEI L DERTRIT 5.

TR A —VERE T LERSEEE L.
W2, BFEEBVICT T A%Mm% neoB&M 72—
SeAEE, KB # HWCHATL, %L 770 F7
O—J AIIEHAWT, IRV TBEEAVT 2055
L, BSBEBEISTTERE L #ARTHLT, UV
Fhig E YEREMEE (BX40, U Y /3A, BR)FHWTHE
BEHEL/-.

m & &

TELEBOFREERETALD, FTERICLLAKR
HEEDOREZTo 7, BREEARESSEODN_ELRE
BT o ERNE 213 TH o 72, T D) BLIEHELE,
RETR & &0 TRKIICEREEARL L LToliTshi
EFNL 165 R CTH Y, ZELREICT, REAOEEII,
D &3 S HOIRBEAEDEFRD Sz DL 165 R 147
R (89.1%) THh o7z, —7F, REEIITI L »OMEAED
M S NERIL 165 BRH 75 AR (45.5%) TH ), “EH
BIIEEL ) DFEIBVIRHELR L7 (p<0.0001).

165 RO B AIEL D S b, ME L 107 IR (64.8
%), BERVEIX540R(32.7%), THY MT A= 15
RO.1%)TH Y, FORTRABRERIE, ME - EFE
BRI OMR(5.5%), ME - 7Y N7 A—NREBRYE
M2MR1.2%) Thol. Wi, _EREOEREOE
YEIRETT 5720, REREAGICZ OMBERE L R
L(2)., —EgfeEid, Mid, EFE, 7H7 M7 A—
ROVTIICHR LTO B ZBEEERRL, MEICHLT
83.8% (95% 1EMEX [ 80.9%~93.8%), ER K LT
81.4% (95% E BB X i 68.1%~90.3%), 74 ¥ b7
A—=8I2%F LT 80.0% (95% (SHER A 51.4%~94.7%)
ol —F, BEOEES, BREIMEIIHLT

- 300 -



T 25FE4810H

(%)
100
90
80
70
60
50
40
30
20
10
0

W,

X 2 REBHCNTI_ELE - BEORELS
B ZE%Re, 5L

41.1% (95% EHEX H 31.8%~51.1%), EHEICx LT
22.2% (95% EHEX B 12.5%~36.0%), 75 ¥ N7
A—NZHF LT 60.0% (95% {EHEX [ 32.9% ~82.5%)
LD, FRICERSCHE ORI L CREMERWER
ERLT.
WICEGREE L UEEOHER 2 REMAICHRE L
7o, TERBOFERER, MECHLT82.1%(95% &
T 73.2%~88.6%), EBEIZH LT 98.1% (95% &
HEX [ 94.2%~99.5%), TH v bT A= NIZRLT
97.0% (95% E4EX [ 93.2%~98.8%) & 2 b, #HICE
BRI THY I P A—NEH L TEVEEELTRL
7o, —F, BEORA, HEEITHEICHL T8.7%
(95% 1EFEIX [ 80.7%~93.8%), E®IZx LT 98.7%
(95% fEFEX 1 95.1%~99.8%), 7H ¥ b7 A =732
%t L C 100.0% (95% EFEX H 97.6%~100.0%) & 7%
D, ZELEEIE, BEIERTEEDORZWVWLINVOEERE
ErmRL7z(H3).

M4l —EREOREN 2 EBGERL. TH Y
T A=NBEROFEOSE, BEXr 1y vTrES
T LAREDOARDEGRE A (K4A L), YA MDTAR

DEBBETEZLY, ZOGERRLLBEETLIEAET

WL BESND, —7, o A—HEZHILRHA
TEHELZHBE4AF, B), THY T A=1DOY
A N EABRICEE S NS,
WICHRIREC LA EFEEABRLORESO_ELEY
4B 2R L72. 2REL, FIL2RBIZIN V506

TIhTT ‘/3F‘7U-—7Y®:§;ﬁ’%é@7ﬁﬁ§‘l§ =1 353
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3 REBUICHT 3 TERE - EEOHEERS
B 356, [ 5R

HicgREsh s (R4BE). —F, BXREHTTE, &
LILEROFEMZEEIBRETE, EHEESICFEET
25(H4BH, ). A—BFOHMELETMRET S
TNHEREOREBEHEZH4C IR LL, 7T 08B T
i, ZHEOBEEREINED SNLH, BHXEBELLT
1%, 79 ABHEERTRBEASERE THLDO2EIEo
XYL, LALEYES, BEEAETOLA-VEk
BThE, ARERCHBEGRIGABRICRITREE 25,

N & %

Impression 12 & 2 ZEREIL, BETHH, HHE,
BEH, THY N7 AN EREROFEIZEL CEN
TBRERRLE, RTTENSTEEATA FIT RIS
L B0, MEOTRDLRL, E6IL, FIrkme
Ty X 70— RERICHETLLEN RN E0BE
DEHDO—2IZoTWhH EEZ bRz, —F, BB
L2RAEIER, BEIENLOOTERE L) EVERERE
ZRL, EWIZHET A2 HREEZFOLEEI N

BEBEOHRE,OIE, —RICDEORE L BRI
BIENTERN, /2, MELEBRLERR LAV
FICE 2 125E, BEOEMOAIREENZVIGEED
HhH. ZOHE, BREEYLITFA-0I10F, HnEEES
NBEMZDT > TN EBET HLEI D 57, HEMIC
2, 5P LODOEELBELR LK RTHEEL D
%5, 22T, AZIERBOAZRLTIEBOY Y TV i 5
LT B LR TEOT 1 OOBRKERCHEMT 2 HE
DAYy NEIBWEEZDL, INET, ERRIUL, X
N=F Vi E2HVWTASA 75 2Z&HKT 5 HED
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