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Polymerase chain reaction with two molecular targets in mucosal
leishmaniasis' diagnosis: a validation study

Clemencia Ovalle Bracho™, Luisa Porras de Quintana,
Sandra Muvdi Arenas, Melania Rios Parra

Tropical Dermatology Research Group, National Institute of Dermatol ogy, Centro Dermatol 6gico Federico
LlerasAcosta, E.S.E., Bogota Colombia

We validated the polymerase chain reaction (PCR) with a composite reference standard in 61 patients clini-
cally suspected of having mucosal leishmaniasis, 36 of which were cases and 25 non-cases according to this
reference standard. Patient classification and test application were carried out independently by two blind
observers. One pair of primers was used to amplify a fragment of 120 bp in the conserved region of kDNA and
another pair was used to amplify the internal transcript spacers (ITS) rDNA. PCR showed 68.6% (95% CI 59.2-
72.6) sensitivity and 92% (95% CI 78.9-97.7) specificity; positive likelihood ratio: 8.6 (95% CI 2.8-31.3) and
negative likelihood ratio: 0.3 (95% CI 0.3-0.5), when kDNA molecular target was amplified. The test performed
better on sensitivity using this target compared to the ITS rDNA molecular target which showed 40%
(95% CI 31.5-42.3) sensitivity and 96% (95% CI 84.1-99.3) specificity; positive likelihood ratio: 10 (95% CI
2.0-58.8) and negative likelihood ratio: 0.6 (95% CI 0.6-0.8). The inter-observer agreement was excellent for
both tests. Based upon results obtained and due to low performance of conventional methods for diagnosing
mucosal leishmaniasis, we consider PCR with KDNA as molecular target is a useful diagnostic test and the ITS
rDNA molecular target is useful when the aim is to identify species.
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Leishmaniasis is a disease found throughout the
world: 350 million people are at risk, and the disease
burdenis 2.4 DALY s (years of lifelost dueto premature
death or disability). It is estimated that there are 12 mil-
lion casesintheworld: 1.5 to 2 million new cases ayear
of which 1-1.5 million correspond to cutaneous leish-
maniasis and 500,000 to visceral leishmaniasis (TDR/
WHO 2005). The total leishmaniasis cases reported in
Colombiain 2005 were 18,100 showing aclear tendency
for an increase in the last decade. This number repre-
sents a 21.85% increase with respect to the total cases
informed by 2004. The incidence rate estimated for cu-
taneous leishmaniasis for 2005 was 14.6 x 10,000, tak-
ing as denominator the rural population (Instituto Na-
cional de Salud 2006).

Mucosal leishmaniasis is a chronic progressive dis-
ease, difficult to treat and diagnose which usually ap-
pears months or years after skininoculation and may lead
to destructive lesions of the upper respiratory tract. It
can be accompanied by malnutrition when it causes dys-
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phagia and can lead to death due to pneumonia or as-
phyxia (Marsden 1985).

Clinical diagnosisis difficult because symptoms and
signs can be confused with those of other granuloma-
tous and malignant conditions (Rodriguez et al. 1994).
Parasite identification is difficult and sensitivity reports
vary with different techniques, from 0.2% with direct
smear to 68.6% when various methods are used (Weigle
et al. 1987, Zajtchuk et al. 1989, Schubach et al. 2001,
Disch et al. 2005, Oliveira et a. 2005). In cases where
there is a strong clinical suspicion and no parasite is iso-
lated, trestment is prescribed with pentavalent antimony
which ishighly effective, but has been associated with fre-
quent adverse effects: malaise, headache, muscle pain, joint
pain and hepatic, pancreatic, rena, hematologic, and car-
diac toxicity that haslead to death in some cases (Chulay
et al. 1985, Hepburn et al. 1994, Aronson et al. 1998).

Polymerase chain reaction (PCR) has been used in
the last decade for cutaneous and more recently for mu-
cosal leishmaniasis. Different authors have reported sen-
sitivities that vary from 62 to 97.1% using mostly mini-
circle kDNA astarget in mucosal leishmaniasis (Pirmez
et al. 1999, Oddone et al. 2004, Oliveira et al. 2005,
Disch et al. 2005). After carrying out acritical appraisal
of these studies, we found that in most of them the mea-
surements were not blind, the patient spectrum was not
described, and the sample size ranged from 6 to 40 pa-
tients. The reference standard was not clearly stated in
most, and varied in different articles, some used only
clinical suspicion for case definition. There has been no
previous study rigorously designed to validate PCR in
the diagnosis of mucosal leishmaniasis, which was the
main purpose of our research.
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MATERIALS AND METHODS
Sudy design - Diagnostic test validation study.

Eligibility criteria - Tissue samples used in this study
were obtained from the tissue bank from the National
Institute of Dermatology Centro Dermatoldgico Fede-
rico Lleras Acosta, Bogota. The tissue samples used in
this study belonged to patients that had a clinical diag-
nosis of leishmaniasis with suspicion of being the mu-
cosal type. Samples from the tissue bank were used if
completeclinical recordswere available, and if the DNA
was of good quality.

Samples - Sixty-one biopsy samples were included:
52 from patients with clinical diagnosis of leishmania-
sis with suspicion of being the mucosal type and 9 mu-
cosal samplesfrom individuals submitted to rhinoplasty.

The nasal samples were collected by an otorhino-
laryngologist or a trained dermatologist using the fol-
lowing methodology: nasal mucosa was sprayed with
lidocaine 1% and then cleaned with asaline solution and
clorhexidine solution. After examination with a rhino-
scope, the sitewith evident mucosal infiltration wasiden-
tified. Then, 2% lidocaine was injected in the selected
site and a biopsy sample was taken with a nasal biopsy
forceps. The biopsy samples were divided in two: one
part was preserved in 10% buffered formalin and pro-
cessed for histopathologic examination, and the other
part was flash frozen and stored at —70°C until used in
the PCR assay.

Reference standard - True positives were consid-
ered according to the below reference standard if the
criteria 1 to 3 were met and at least one of the criteria4
to 6. The following criteria were considered for case
definition: (1) clinical suspicion - the lesion was con-
sidered as suggestive of mucosal leishmaniasisif it had
clinical infiltration associated with one or more symp-
toms and signs defined according to the anatomical area

TABLE |
Symptomsand signsaccording to areainvolved
Areainvolved Symptoms Sgns
Nasal Rhynorrea Mucosal infiltration
Pruritus Ulcer
Obstruction Septum perforation
Epystaxis Cartilaginous septum
destruction
Oropharynx Odynophagia Granulomatousinfiltration
Dysphagia Uvuladestruction
Fibrosisof thetonsilar bed
Larynx Dysphonia Granulomatousinfiltration
of laryngeal structures
Dysnea Hoarsevoice
Lip Bleeding Infiltration
Pain Ulcer
Genitdia Pain Mucosd infiltration
Dysuria Ulcer
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involved (Table I); (2) histopathology findings - when
either of these two categories were present in the bi-
opsy samples: (a) when there was a pattern compatible
or suggestive of mucosal leishmaniasis with dense and
diffuse inflammatory infiltrate of plasma cells, lympho-
cytes, and macrophages, or isolated epithelioid cellsand
giant cells associated with the described inflammatory
infiltrate or well circumscribed granulomas in the ab-
sence of amastigotes; (b) when amastigotes were iden-
tified associated with one of the inflammatory patterns
previously described; (3) therapy test: when symptoms
and signs were reduced one month after specific treatment
with pentaval ent antimony wasbegun; (4) Montenegro skin
test (MST): considered positive if induration of 5 mm or
greater was observed 48 h after antigen intradermal ap-
plication; (5) scar: the presence or absence of a scar
typical of cutaneous |eishmaniasis was recorded; (6) his-
tory of living or having visited endemic areas before
symptoms appeared.

Control patients (non-cases) were defined if one of the
following criteria was fulfilled: (1) clinical suspicion of
mucosal leishmaniasis, but a confirmed diagnosis of a dif-
ferent clinical entity; (2) clinical suspicion of mucosal
leishmaniasis, anon specific inflammatory pattern not sug-
gestive of mucosal |eishmaniasis observed on histology,
negative M ST and clinical follow-up which showed no dis-
ease progression; (3) clinica diagnosis of a different mu-
cosal disease confirmed by other diagnostic test.

In order to avoid interobserver variability that could
be present if the histopathology reported in the patient's
clinical record was used, each one of the histopathology
slides was reviewed by one pathologist in order to clas-
sify each case in one of the described categories.

Although every case had an immunofluorescence test
result, thiscriteriawas not included in the reference stan-
dard because fal se positive results have been reported in
Chagas disease, malaria, lupus erythematosus, and toxo-
plasmosis (Pappas et al. 1983).

DNA extraction - A positive control DNA wasprepared
from promastigotes of Leishmania braziliensis brazi-
liensis strain MHOM/BR/75/M2903, and L. mexicana
amazonensis reference strain |IFLA/BR/67/PH8 which
were grown in Schneider's insect medium. Positive con-
trol DNA and biopsy samples were immersed to com-
plete lysis with 500 pl of NET 10 solution (NaCl 5M;
buffer 10 mM Tris-HCI (pH8.0) and 10 mM EDTA; SDS
1%) and 20 Wl of proteinase K (20 mg/ml) and heated at
56°C for 18 h. The phenol-chloroform extraction pro-
tocol described by Isaza (2002) wasused. Thefinal DNA
pellet wasdissolved in 50 pl of TE buffer 0.1x and stored
at —70°C until used. DNA quality was assessed through
electrophoresis in agarose gel 0.8%. DNA was consid-
ered to be of good quality if it showed avisible band of high
molecular weight and no degradation. Samplesthat did not
present these characteristics were excluded from the study.

Inhibition control - In order to detect reaction in-
hibitors, 2 ng of L. b. braziliensis MHOM/BR/75/
M 2903 DNA was added to one half of the reaction mix-
ture. If this mixture, which contained both the patient's
DNA and L. b. braziliensisDNA, did not revea avisible
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band, it wasinterpreted as having inhibitors and aDNA
purification protocol was used with 5M ammonium ac-
etate (Sambrook et al. 2001). Once this procedure had
been carried out, another PCR was performed in order
to evidence the inhibitor removal.

PCR - Each sample was analyzed using three differ-
ent pairs of PCR primers: for ITS (internal transcript
spacers) rDNA (Cupolillo et a. 1995), a 1000 bp sequen-
ce was amplified with IR1 (5' - GCT GTA GGT GAA
CCT GCA GCA GCTGGA TCATT - 3)andIR2 (5' -
GCG GGTAGT CCT GCCAAACACTCAGGTCTG-
3); for nested ITSPCR, primersITS1F (5 - GCA GCT
GGATCATTTTCC-3)andITS2R (5'-AACACT CAG
GTC TGT AAA C - 3') were used. In order to amplify a
120 bp sequence from the conserved region of KDNA
(Rodgers et al. 1990), a modified 13A (5' - TAG GGG
CGTTCTGCGAA-3)and13B (5'-ATTTTACACCAA
CCCCCAGTT - 3) primerswere used. A PCR reaction
mixture for ITSrDNA was prepared containing 1 x am-
plification buffer (20 mM Tris-HCL pH 8,4 and 50 mM
KCl), 0,8 mM MgCl,, 0,2 mM of each dNTPs, 1 uM of
forward and reverse primer and 1.5 units of Taq poly-
merase in a final volume of 50 pl. Amplification condi-
tions used for IR1-1R2 and ITS1F- ITS2R primers were
as follows: samples were initially denatured at 94°C for
3 min, followed by 40 cycles of 94°C, 59°C, and 72°C
for 30 s each, with afinal extension of 72°C for 10 min.
When using primers 13B and modified 13A, reaction
mixture was similar to the previous protocol except for
2mM MgCl,, 1.0mM dithiothreitol (DTT) and 1.25 units
of Tag DNA polymerase (Invitrogen). Amplification con-
ditions used were: samples were initially denatured at
94°C for 3 min, followed by 35 cycles of 1 min each at
94°C, 60°C, and 72°C respectively with a final exten-
sionfor 10 min at 72°C. Five microliters of DNA sample
were added to final volume of 50 pl for each reaction
mixture. Each assay contained anegative control inwhich
no DNA had been added to the reaction mixture and two
positive controls in which 2 ng of DNA from L. b.
braziliensis MHOM/BR/75/M2903 DNA and L. m.
amazonensis reference strain IFLA/BR/67/PH8 DNA
had been included as a template for the PCR.

PCR product analysis - The PCR products were ana-
lyzed by electrophoresis in agarose gels of 1 and 2.5%
for 1000 pb and 120 pb respectively using Promega
G2101 y G3161 size marker. Gels were visualized un-
der ultraviolet light and photographed using Polaroid ™
film. Interobserver agreement was measured for both
molecular targets by two independent and blind observ-
erswho evaluated the presence or absence of the respec-
tive band on the gel for each sample.

Satistical analysis - Data obtained from clinical
records for case definition was registered in a pre-de-
signed form and entered in an Excel 2003 database. Sta-
tistical analysis was carried out with SPSS 11.5. Point
estimates and 95% confidence interval es were estimated
for: sensitivity, specificity, likelihood ratios, diagnostic
odds ratio, kappa for inter and intra observer agreement
using Javastat package.

Ethical considerations - This research was devel-
oped in accordance with the ethical standards established
by the Institutional Ethical Committee of Centro Der-
matologico Federico Lleras Acosta, which are based
upon the Helsinki Declaration and was considered asless
than minimal risk research.

RESULTS

Population characteristics - Fifty-two patients clini-
cally suspected of having mucosal |eishmaniasisand nine
mucosal samples from individuals submitted to rhino-
plasty entered the study. Thirty-six were classified as
cases and 25 as non cases according to the reference
standard used. The samples derived from individual s sub-
mitted to rhinoplasty were included as non cases. One
hundred and eight eligible patients were excluded due to
lack of information required for case definition in the
clinical records or to inadequate biopsy samples or poor
DNA quality. The mean age of the study subjects was
40.5 years and 65.6% were men. The range for evolu-
tion time was 1 to 25 years with amedian of 18 months,
and patients came from 10 different regions of the coun-
try. Patients classified as non cases were diagnosed with
paracoccidioidomycoses, traumatic perforation, chronic
cocaine or vasoconstrictor use, lepromatous leprosy,
lymphoma, allergic rhinitis, and lupus. Eighteen percent
of the non case group showed a positive MST. Among
the group of patients classified as cases, 94% were MST
positive and in 5% of them parasites were identified in
the histopathol ogy. Eighty percent of cases showed a scar
suggestive of cutaneous leishmaniasis. Indirect immun-
ofluorescence was positive for 80% of cases, and nega-
tive for al controls.

Demographic characteristics' comparison between
included and excluded individual s showed no significant
differences. mean age difference was not statistically
significant: p = 0.645. There were no significant differ-
encesin gender proportions: p = 0.647, and median time
of evolution (months): p = 0.10.

PCR leishmania detection - Twenty percent of the
samples studied showed PCR inhibitors. After applying
the DNA purification with 5SM ammonium acetate only
one showed persistent inhibition. DNA amplification with
primer IR1-IR2 and ITS1F-ITS2R exhibited a 1000 bp
band (Fig. 1) and with primers modified 13A and 13B a
120 bp band was observed (Fig. 2). Table 1l shows the
diagnostic operative test characteristics with a 95% con-
fidence interval.

The two biopsy samples in which amastigotes were
identified were positive for PCR using primers IR1-IR2,
ITSIF-ITS2R, and modified 13A and 13 B.

The inter-observer agreement was excellent; there
were no discordant results for either test. The kappa sta-
tistic for KDNA was 1.0 (95% CI 0.88-1.0) and for ITS
rDNA was 1.0 (95% CI 0.85-1.0)

Sixty eight percent of positive samples amplified
DNA using primersB1 and B2 which are specific for braz-
liensis complex. Positive samplesthat did not amplify with
these primers were analyzed using primers M1 and M2
(specific for mexicana complex) and were al negative.
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TABLE Il
Diagnostic operativetest characteristics

ITSTDNA kDNA
Operative characteristics % 95% CI % 95% ClI
Sengtivity 40 31.5-42.3 68.6 59.2-72.6
Specificity % 84.1-99.3 R 78.9-97.7
Positive predictivevaue 933 73.4-98.8 923 79.7-97.8
Negative predictivevalue 533 46.7-55.2 67.6 58-718
Likelihoodratio + 10 2.0-588 8.6 28-313
Likelihoodratio— 0.6 0.6-0.8 0.3 0.3-05
Diagnostic oddsratio 16 24-101.2 251 54-111.6
Samplewithinhibition not included.

DISCUSSION

T2 3485556

fleus -9 =10

1000 pb

Fig. 1: polymerase chain reaction-internal transcript spacers (PCR-1TS)
rDNA amplification for detection of Leishmaniasp. Lines- 1: PCR mark-
ersG3161 (PromegaCorp); 2: negative control; amplification using prim-
ers IR1-IR2; 3: non case; 4: inhibition control non case; 5: case; 6:
inhibition control case, amplificationusing primersITS1F- ITS2R; 7: non
case; 8,9: cases; 10: positivecontrol Leishmania brazliensisbrazliensis
(MHOM/BR/75/M2903).

Fig. 2: polymerase chain reaction kDNA amplification for detection of
Leishmania. Lines- 1: 100 pb DNA Ladder G2101 (Promega Corp); 2:
negative contral; 3,4, 5, 7, 8, 10: non case; 6, 9: case; 11: positive control
Leishmania braziliensisbraziliensis (MHOM/BR/75/M2903).

The aim of this study was to analyze the diagnostic
operative characteristics of PCR using two molecular
targets. conserved region KDNA and ITS rDNA in mu-
cosal leishmaniasis. The reference standard used was a
sum of clinical, epidemiological, and laboratory crite-
ria, defined for this study.

Although the reference standard had not been used
previously, we consider it had a good discrimination
power. One could question the inclusion of individuals
who showed a non-specific inflammatory infiltrate as
controls, given the evidence of this type of infiltrate in
leishmaniasis reported in the literature. Ridley described
a series of over 400 biopsies of mucocutaneous leish-
maniasis and found that non-specific inflammation was
the most frequent and least effective response; its onset
might be delayed, and in this event particularly the inci-
dence of metastasis from skin to mucosa was high (Rid-
ley 1989). This infiltrate can also be seen in individuals
without the disease. In thiswork we considered individu-
als could be included as controls if the mucosal biopsy
showed anon-specific inflammatory infiltrate and if they
also had a negative MST and a follow up with no pro-
gressive course. Those patients included in our study as
non cases had to have on the medical record afollow up
were no disease progression was noted. If patients were
lost, they were called and evaluated by researchers to
determine if there was disease progression. We believe
if the patient had a non specific infiltrate on mucosal
biopsy, had a negative skin test, and was followed up in
order to evaluate the disease did not have a progressive
course without specific treatment, we could confidently
classify this subject as a control and include him (her)
in our study.

Studies designed to evaluate test diagnostic perfor-
mance can have several biases which should be kept in
mind when analyzing the results. The exclusion of ahigh
proportion of eligible patients from the study could have
left out a population not representative of the initial one.
This could introduce a sel ection bias which occurs when
not every patient presenting clinically relevant condi-
tions is included in a consecutive order and when the
selection is not random (Lijmer et al. 1999). Demogra-
phic characteristics and evolution time of symptoms
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were compared between excluded and included individu-
alsin order to assess differences that could have intro-
duced a selection bias in the study. No statistically sig-
nificant differences were found between these groups
(p > 0.05). The inclusion of healthy mucosal samples
could have introduced a spectrum bias and enhance PCR
specificity. We analyzed confidence intervals for diag-
nostic operative characteristics including and excluding
these samples and did not find any significant differ-
ences. Test revision bias, which occurs when the result
for the reference standard is known when applying the
index test, as well as diagnosis revision bias which oc-
curs when the results of the index test are known when
interpreting the reference standard, were avoided by
blinding the observers to each of the tests. The decision
to apply one test was independent from the result of the
other test and there was only one reference standard ap-
pliedto all casesand non cases. Although theideal would
have been prospective data collection, in Colombia eco-
nomic and sociopolitical reasons make it difficult for
patients from certain rura areas to reach urban centers
for follow-up. This is a limitation for retrospective as
well as for prospective study designs.

Our result for PCR sensitivity when conserved re-
gionkDNA was used, showed a higher value 69.6% (95%
Cl 59.2-72.6%) than when ITS rDNA was used as mo-
lecular target. This difference could be due to differ-
ences in the number of copies present in Leishmania:
around 10,000 copies for kKDNA and near 200 copies
for ITSrDNA (Rodgers et al. 1990, Pirmez et a. 1999,
Marfurt et a. 2003, Bensoussan et a. 2006). Also, dif-
ferences in the detection limits for each molecular tar-
get have been reported. Primers 13A and 13B can am-
plify 0.1 fg of L. mexicana and 10 fg of KDNA of L.
braziliensis (Rodgers et a. 1990). Other authors inform
detection limits for 13A and 13B primers of < 0.001
parasite/reaction and 0.2 parasite/reaction for 1TS1
(Marfurt et a. 2003, Schonian et al. 2003). It is pos-
sible that the small amount of parasites present in the
affected mucosa could be under the detection limit for
ITSrDNA but could be enough for KDNA.

Previous studies inform sensitivity values that range
from 62-97.1% with no confidence intervals reported.
The reference standard used by some authors is not well
described and varies from one study to another, which
makes it difficult to establish comparisons. Most of the
studies report case series with PCR made by non blind
observers. None of the reports estimate inter-observer
agreement (Pirmez et al. 1999, Medeiros et al. 2002,
Oddone et al. 2004, Disch et al. 2005).

Sensitivity values in our report may have been af-
fected by inhibitors, which were present in 20% of evalu-
ated samples. The presence of contaminants in tissue
samples that could inhibit Tagq polymerase activity and
reduce the sensitivity 10 to 100 times when compared
with KDNA obtained from cultures has been described
(Rodgers et a. 1990). The procedure used for DNA pu-
rification can reduce DNA quantity and increase the num-
ber of false negatives. Hemoglobin could be an inhibi-
tor in these samples, but there may also be elements
present in nasal mucusthat can inhibit PCR reaction. The
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presence of inhibitorsin 30% of samples from nasal swabs
of leprosy patients has been reported (Pattyn et al.1993).

The specificity reported was good for both molecu-
lar targets, so if atest is positive one can be highly con-
fident that the diagnosis is mucosal leishmaniasis. One
of the false positive results we obtained was positive for
both molecular targets and we believe could have been
misinterpreted by the reference standard. Previous re-
ports have informed 100% specificity with a poor de-
scription of the population included as non cases.

Likelihood ratios for positive results were good and
similar for both tests, although the confidence intervals
were wide. For ITS rDNA there would be 10 positive
results in mucosal leishmaniasis patients for each posi-
tiveresult in a patient with another condition. Likelihood
ratios for negative results were also similar for both tests.

The diagnostic odds ratio, which expresses aratio of
the odds of a positive test in diseased and the odds of a
positive test in non diseased is a measurement of the
discrimination ability of the test and was good for both
molecular targets, even though the precision waslow due
to a small sample size (Lijmer et a. 1999).

We consider our study has some strengths as well as
some weaknesses. The strengths were the inclusion of a
reasonable spectrum of individuals, the use of a com-
posite reference standard, the independency of PCR in
relation to the reference standard, and the blind inter-
pretation of PCR and the reference standard. Among the
weaknesses we can mention that the reference standard
had not been used previously in the literature, the retro-
spective data collection and the exclusion of a high pro-
portion of eligible subjects. We analyzed possible bias
the study could have and could not identify any.

Considering the difficulty in identifying parasites
from mucosal leishmaniasis lesions, we consider PCR a
useful tool in the diagnosis of this clinical entity. When
clinically suspected, PCR with kKDNA as molecular target
should be used dueto its higher sensitivity. PCR ITSrDNA
remains a useful test as it allows species identification.

Researchers should refine this technique in order to
remove inhibitors without losing sensitivity. Multicenter
prospective studies should be carried out in order to in-
clude a larger number of subjects and obtain more pre-
cise estimates. Well designed small studies could be
useful for meta-analysis which address this subject.
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