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ABSTRACT

Introduction: This phase I clinical trial was
conducted to evaluate the safety of RP22 as a
skin test reagent for tuberculosis (TB) diagnosis
and to explore the appropriate dosage.
Methods: We used a randomized, double-blind,
placebo-controlled identification allergen (IA)
skin test. A total of 72 healthy adult volunteers
with negative chest X-ray results were

randomized into six groups and given a Quan-
tiFERON-TB Gold (QFT) test. Of the 12 partici-
pants in each group, eight received RP22 and
four received placebo. The doses of RP22 in the
six experimental groups ranged from 0.1 to
4.0 lg in a single intradermal injection of
0.1 ml. Skin reactions and adverse events were
recorded at intervals.
Results: All doses of RP22 except the highest
were well tolerated and safe. No serious adverse
events associated with the injection were
observed in all groups. There were 11 partici-
pants who had positive QFT results, eight had a
skin reaction with a redness or induration area
diameter of greater than 10 mm at 48–72 h, one
had no skin reaction. Among the 60 negative-
QFT participants, none had a reaction area
diameter of greater than 10 mm.
Conclusion: The RP22 skin test was well toler-
ated and safe, it could play a key role in
screening for latent tuberculosis infection
(LTBI) by providing a much-wanted alternative
to the tuberculin skin test (TST) and interferon-
c release assays (IGRAs).
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Key Summary Points

RP22 was well tolerated and safe in
healthy normal participants and those
with LTBI.

The maximum response was obtained
48–72 h after antigen injection; the
suitable response induration diameter
could be defined as 10 mm and the
suitable dose could be defined as 0.5 lg or
1 lg.

As a skin test reagent for Mycobacterium
tuberculosis infection, RP22 could play an
important role in the screening of LTBI.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14208284.

INTRODUCTION

Tuberculosis (TB) is still a leading infectious
disease with high morbidity and mortality
worldwide, and delayed detection of TB is a
serious problem [1]. The existing diagnostic
tests are not ideal. The tuberculin skin test (TST)
has been widely used to diagnose Mycobacterium
tuberculosis (Mtb) infection for more than a
century, and it is simple to operate and has a
low cost. However, the TST has some limita-
tions including cross-reaction against the
Bacille Calmette-Guerin (BCG) vaccine strain
and some non-tuberculosis mycobacteria
(NTM). In some contexts, it lacks the required
specificity and sensitivity, especially in those
with human immunodeficiency virus (HIV)
infection, severe organ dysfunction, organ
transplants, malnutrition, and in young chil-
dren [2, 3]. ESAT6 and CFP10 are specific

antigens of Mtb, both of which are coded by the
region of difference 1 (RD1) which only exists in
the genome of Mtb and a few other pathogenic
mycobacteria; all BCG strains and most envi-
ronmental mycobacteria do not have this gen-
ome region [4]. Interferon-c release assays
(IGRAs) based on these two antigens have been
used to diagnose Mtb infection, providing an
attractive alternative to the TST. There are two
main commercial IGRAs: the QuantiFERON-TB
Gold in Tube (QFT-GIT) (Cellestis, Carnegie,
Australia) and the T-SPOT.TB (T-SPOT) (Oxford
Immunotec, Abingdon, UK) assay [5]. However,
the price of IGRAs is high, the requirements for
laboratories and supervision are high, and the
results are variable, which is considered highly
dynamic, high rates of conversions and rever-
sions when the IGRAs were tested repeatedly on
the same subjects [6–8]. Therefore, a new point-
of-care test method with high specificity and
lower costs is urgently required.

An identification allergen (IA) skin test pro-
cedure, which retains the characteristics of
simple operation of the traditional PPD skin test
method and exploits the specificity of IGRA
technology, has been extensively studied in
many countries. Two examples, the C-Tb skin
test (Statens Serum Institute, Copenhagen,
Denmark) from the Danish National Serum
Institute [9] and the Diaskintest (DST) skin test
from Russia [10], have both shown high safety
and efficacy in humans. In China, an improved
skin test reagent, RP22, a recombinant fusion
protein CFP10–ESAT6 (HS625) with excipient,
had shown safety and high specificity in our
unpublished preliminary animal studies. So we
conducted this phase I clinical trial to find safe
doses of RP22 for the diagnosis of Mtb infection
in humans.

METHODS

RP22

RP22 reagent is a freeze-dried powder of
recombinant fusion protein ESAT6/CFP10
mixed with excipient manufactured by Zhe-
jiang Hisun Pharmaceutical Co. Ltd, China. The
ratio of ESAT6 to CFP10 is 1:1. The excipient
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comprises sodium citrate, citric acid, trehalose
dihydrate, polysorbate, and purified water. The
protein in RP22 is slightly different from the
existing ESAT6/CFP10 fusion protein with an
optimized coding sequence to increase the
production efficiency. China Food and Drug
Administration (CFDA) approved the phase I
clinical trials of RP22 in 2016 (batch number
2016L10792, test number HS625-I); the regis-
tration number is CTR20170520 (http://www.
chinadrugtrials.org.cn/). The drug specification
is 10 lg/vial, we add 10 ml, 4 ml, 2 ml, 1 ml,
0.5 ml, 0.25 ml saline to different vials respec-
tively, then prepare 0.1 lg/0.1 ml, 0.25, 0.5, 1,
2, and 4 lg/0.1 ml experiment drug, respec-
tively. Each participant received experiment
drug with a total volume of 0.1 ml; the
remaining volume was disposed of.

In unpublished preliminary studies, RP22
was tested in animal models. A valence study in
a guinea pig sensitivity model showed that 24 h
after intradermal injection was an ideal obser-
vation time for skin reaction. In mice, a safety
evaluation study of RP22 showed that the
maximum dose tested by intradermal injection
(250 lg/kg; equivalent to 15,000 times that of
human clinical dose) was well tolerated. No
obvious dose–effect relationship was found
within the range of 0.6–1.2 lg. On the basis of
these animal studies, the appropriate dose for
human use was assumed to be about 1.0 lg, and
therefore five other dose groups above or below
1.0 lg were used here to assess the safety of
RP22.

QFT-GIT

The QuantiFERON-TB Gold In-Tube (QFT-GIT)
assay uses three tubes: the negative control (nil)
tube that measures the background interferon-c
(IFNc) response, the antigen tube that measures
the antigen-specific response, and the positive
control (mitogen) tube that measures the non-
specific T cell response. The qualitative result
(negative, positive, or indeterminate) is inter-
preted from the quantification of IFNc in
international units (IU) per milliliter. An IFNc
response above 0.35 IU/mL at screening is
regarded as showing possible Mtb infection. The

QFT-GIT assay was done at the screening visit
[11].

Study Design

We designed a randomized, double-blind, pla-
cebo-controlled phase I clinical trial. It was
performed at the phase I Clinical Trial Depart-
ment of the Shanghai Public Health Clinical
Center affiliated with Fudan University in
China from June 24, 2017, to January 18, 2018.
Seventy-two eligible trial participants were
divided into six groups of 12. Eight participants
of each group received RP22, and four partici-
pants received the placebo (excipient; ratios of
male to female were 1:1). Escalating doses of
RP22 were tested sequentially in the six groups,
A to F, that received 0.1, 0.25, 0.5, 1, 2, and 4 lg,
respectively. Members of a group who received
placebo only were given the dose of excipient
corresponding to the dose present in RP22 in
that group. All of the participants were ran-
domized according to the sequence of screening
numbers, and we use random number table to
do this job and a clinical coordinator will
supervise the whole procedure to guarantee
allocation concealment. Each participant
received only one dose. Every two participants
in a same dose group received the skin test at
the same time in different rooms; another two
participants in the same dose group received the
skin test 1 hour later. If adverse events (AEs)
were observed in more than half of the partici-
pants in any dose group or a serious adverse
event (SAEs) occurred, the trial at that dose
would be terminated. Otherwise, the dose
escalation continued.

Study Participants

The trial population was mainly recruited by
advertising on the Internet. Persons aged from
18 to 45 years were primarily screened. All gave
signed informed consent, and received a phys-
ical examination, electrocardiogram (ECG),
chest radiograph, sputum acid-fast bacilli
smear, QFT-GIT, and tests for liver and kidney
function, virus detection, nicotine, alcohol
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allergy, and routine blood, urine, and stool
tests, etc.

The inclusion criteria were (1) Each partici-
pant signed an informed consent and complied
with the requirements of the clinical trial pro-
gram. (2) Age was between 18 and 45 years old,
the age span in each dose group was no more
than 10 years; female body weight greater than
45 kg, male body weight greater than 50 kg, and
body mass index (BMI) between 18 and 28 kg/
m2 (BMI = body weight /height2). (3) No TB
history, no family history of tuberculosis, no
close contact history of TB. (4) No intrapul-
monary or extrapulmonary tuberculosis (EPTB),
respiratory symptoms, or systemic discomfort.
(5) Chest X-ray and sputum smear confirmed
that there was no TB infection. (6) Negative
pregnancy blood test.

The exclusion criteria were (1) Allergic to two
or more medicines or foods in the past. (2) Had
malignancy, organ function failure, HIV,
immunosuppressive disease, undergone major
surgery within 6 months, or disease that could
significantly affect the judgment of a skin test
reaction. (3) Had severe scar formation, burns,
rashes, eczema, psoriasis, or any other skin dis-
ease around the injection site that could affect
the judgment of a skin test reaction. (4) Had
participated in other clinical trials within
3 months. (5) Had been infected within 4 weeks
with bacteria, viruses, fungi, parasites, etc.
requiring anti-infective treatment. (6) Failed to
meet the health standards in general physical
examination such as abnormal vital signs,
abnormal laboratory examinations, abnormal
clinical significance in electrocardiogram
examination. (7) Planned to conceive or donate
sperm within 6 months. (8) Had other reasons
for non-enrollment.

Skin Test Procedure

RP22 or placebo was injected by the Mantoux
technique with a short-beveled sterile needle,
sized 0.51 mm (21 gauge), in the anterior 1/3 of
either the left or the right volar forearm. Each
participant received one dose with a total vol-
ume of 0.1 ml. The needles were pierced into
the dermal surface, with the bevel of the needle

upward on a 5–10� angle. Digital photographs
of the injection sites were taken at 15 min,
30 min, 1, 2, 4, 8, 24, 48, and 72 h after the
injection. A vernier caliper was used to measure
the longitudinal and transverse diameters of the
skin induration and redness around the injec-
tion site.

Safety Assessment

The participants were monitored closely for
local skin reactions and systemic reactions at
15 min, 30 min, 1, 2, 4, 8, 24, 48, and 72 h after
the skin test. Local skin reactions included red-
ness, swelling, induration, and blister reactions;
all these reactions were graded according to the
criteria listed in Table 1, which are based on the
‘‘principle of quantitative criterion and grading
system for adverse events from vaccine for
clinical trials’’ released by the CFDA in 2005.
When a local skin reaction reached a severe
grade (grade 3), it was recorded as an adverse
event. Systemic reactions included systemic
allergic rash, anaphylactic shock, generalized
urticaria, lymphangitis, allergic purpura, fever,
and other adverse events. The participants’
blood pressure, respiratory rate, heart rate, body
temperature, and electrocardiogram at every
time point were recorded. One day before and
the third and seventh day after the skin test,
blood, urine, liver function, and kidney func-
tion were examined. All the severe local skin
reactions, systemic symptoms and signs, and
abnormal laboratory examination results were
recorded as adverse events. The causality of
adverse events was assessed as certainly related,
probably related, possibly related, possibly
unrelated, and unrelated to the injection [12].
The grade of adverse events was assessed as
mild, moderate, severe, life-threatening, or
death according to the Common Terminology
Criteria for Adverse Events (CTCAE) v5.0.
Emergency plans were prepared to respond to
severe adverse events.

Statistical Analysis

Data entry was completed by data editors using
EpiData 3.0 software (EpiData Association,
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Odense, Denmark). Statistical analysis was per-
formed with SAS 9.3 software (SAS Institute,
Cary, NC, USA). Continuous variables were
summarized by descriptive statistics, including
numbers, average, median, standard deviation,
maximum and minimum. Classified variables
were described by the number and percentage
of cases. Data were presented as mean ± stan-
dard deviation (SD). Significant differences
between the means using Student’s t test and
Wilcoxon test. P\ 0.05 was considered signifi-
cant. All adverse events were evaluated
descriptively.

Compliance with Ethics Guidelines

This study was strictly in compliance with the
Good Clinical Practice (GCP) principle accord-
ing to the CFDA and approved by the Shanghai
Public Health Clinical Center Medical Ethics
Committee (2017-E028-01). All participants
have provided informed consent to participate
in the study. Our study was performed in
accordance with the declaration of Helsinki
1964 and its later amendments.

Table 1 Local reaction classification table

Local reaction Mild (grade
1)

Moderate (grade 2) Severe (grade 3) Potentially life-threatening
(grade 4)

Pain Without

prejudice to

activities

Impacts activities or

increases use of a

non-narcotic pain

medication

Interfering with daily

activities or repeated

use of narcotic pain

medication

Emergency room or hospital

Indurationa \ 15 mm 15–30 mm [ 30 mm Gangrene or exfoliative dermatitis

Rednessa \ 15 mm 15–30 mm [ 30 mm Gangrene or exfoliative dermatitis

Swollenb \ 15 mm and

without

prejudice to

activities

15–30 mm or impacts

activities

[ 30 mm or restrictions

on daily activities

Gangrene

Skin

rash(injection

site)

\ 15 mm 15–30 mm [ 30 mm –

Itching Injection site

micro-itch

Injection-remote body

itch

Whole body itches –

Mucocutaneous Red, itchy Diffusion,

maculopapular rash,

desquamation

Bubbly wet

desquamation or

ulceration

Skin dermatitis, Trojan and

mucosal erythema or

polymorphism, or suspected

Stevens-Johnsons syndrome

From the preventive vaccine clinical trial adverse reaction classification guidelines
a In addition to directly measuring the diameter for grading evaluation of local reactions, this also recorded changes in
measurement
b Evaluation and classification based on feel and actual measurement results
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RESULTS

Participants

A total of 230 healthy adult participants
between 18 and 45 years of age were assessed for
eligibility; all these participants were screened
according to the study protocol including
assessing vital signs, electrocardiogram, chest
radiograph, sputum acid-fast bacilli smear, virus
detection, nicotine, alcohol allergy, liver and
kidney function, and routine blood, urine, and
stool tests. As a pre-defined standard, any
abnormal qualitative indicator would lead to
exclusion; abnormal was defined as any quan-
titative indicator with an excess of 20% of the
reference value (lower more than 20% of lower
limit or higher more than 20% of upper limit).
Finally, 158 were excluded through not meeting
the inclusion criteria or for personal reasons.
The remaining 72 participants were recruited
and randomized into six groups (group A to F).
Within a group, the recipients of RP22 or
recipients of the placebo did not differ signifi-
cantly in age, weight, BMI index, and the dis-
tribution was balanced between the groups. All
participants completed the skin test and follow-
up, except for one participant in group A who
had an abnormal ECG on the day of receiving

intradermal injection and quitted before the
measurement of skin test response, so there
were seven participants in the 0.1 lg RP22
group and eight participants who received RP22
in each of the other groups. In total, there were
24 participants who received the placebo; all 71
participants completed the procedure. No more
than half of them had an AE in each group and
the highest dose level group, group F, was
completed (Fig. 1).

Safety Results

The incidence of AEs associated with RP22
injection ranged from 12.5% (1/8, 0.25 lg
group) to 50% (4/8, 2 lg and 4 lg groups). The
major AEs were in the local injection area. The
incidence of local injection area AEs was 4.2%
(1/24) in the placebo group and ranged from 0%
(0/7) to 50.0% (4/8) in the RP22 participants.
Systemic AEs included dizziness, sweating after
the skin test, and abnormal ECG or laboratory
examination result. The incidence was 12.5%
(3/24) in the placebo group and ranged from 0%
(0/8) to 37.5% (3/8) in the RP22 participants
and was not associated with dose size. The two
abnormal ECGs were reported as transient sinus
bradycardia, with a heart rate of 50–60 bpm,
without any clinical symptoms, and were

Fig. 1 Flowchart of the enrollment. *One participant had abnormal ECG on the day of receiving the intradermal injection
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Table 2 Adverse events of all the participants

AE Placebo 0.1 lg 0.25 lg 0.5 lg 1.0 lg 2.0 lg 4.0 lg
(n = 24) (n = 7b) (n = 8) (n = 8) (n = 8) (n = 8) (n = 8)

Local injection area AEs (grade 3–4)

Redness 1 (4.2%) 0 0 2 (25.0%) 3 (37.5%) 1 (12.5%) 4 (50.0%)

Indurate 0 0 0 1 (12.5%) 0 1 (12.5%) 1 (12.5%)

Itch 0 0 0 0 1 (12.5%)c 0 0

Swelling 0 0 0 0 0 0 0

Ranking

Grade 3 1 (4.2%) 0 0 2 (25.0%) 3 (37.5%) 1 (12.5%) 4 (50.0%)

Grade 4 0 0 0 0 0 0 0

Systemic AEs

Dizziness & sweating 1 (4.2%) 1 (14.3%) 0 0 0 0 0

Influenza like symptoms 0 0 0 0 0 0 0

Headache 0 0 0 0 0 0 0

Hemodynamic instability 0 0 0 0 0 0 0

Rash 0 0 0 0 0 0 0

Others 0 0 0 1 (12.5%)c 0 0 0

Ranking

Mild 1 (4.2%) 1 (14.3%) 0 0 0 0 0

Moderate 0 0 0 0 0 0 0

SAE 0 0 0 1 (12.5%)c 0 0 0

Abnormal ECG or laboratory examination results

Abnormal ECG 1 (4.2%)a 0 0 0 1 (12.5%)a 0 0

Liver dysfunction 1 (4.2%) 1 (14.3%) 1 (12.5%) 1 (12.5%) 0 2 (25.0%) 0

Renal dysfunction 0 0 0 0 0 0 0

Abnormal blood routine 0 0 0 0 0 1 (12.5%) 0

AEs associated with RP22 injection

Total 4 (16.7%) 2 (28.6%) 1 (12.5%) 3 (37.5%) 3 (37.5%) 4 (50.0%) 4 (50.0%)

Severe AEs associated with RP22 injection

Total 0 0 0 0 0 0 0

Liver dysfunction: elevated alanine aminotransferase/glutamate aminotransferase/bilirubin; renal dysfunction: decreased
renal creatinine clearance/creatinine; abnormal blood routine: elevated white blood cell/neutrophils/ lymphocyte
a Two abnormal ECGs were sinus bradycardia
b One participant had abnormal ECG on the day of receiving the intradermal injection in the 0.1 lg group
c One participant in 0.5 lg group was involved in a minor car accident 72 h after the injection
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restored in the following test within 2 h. Six
subjects had mild elevated liver function and
recovered within 1 week without taking any
hepatoprotective drugs. One subject caught a
cold so some of the blood routine indexes were
elevated mildly. No serious AEs were observed
in any of the groups, except for one participant
in the 0.5 lg group who was involved in a
minor car accident 72 h after the injection,
which had no bearing on the skin test reading
(Table 2).

Secondary Evaluation Indicators

In the 1, 2, and 4 lg groups, there was transient
redness within 15–30 min after injection; seven
of the eight participants who received 4 lg RP22
had transient redness, a higher incidence rate

than other dose groups (Fig. 2). Four partici-
pants in the placebo group had transient red-
ness. After unblinding, retrospective analysis
showed that three of these placebo recipients
were in the 4 lg RP22 placebo group and one in
the 1 lg RP22 placebo group, which was con-
sistent with the higher redness response rates in
the RP22 recipients in these groups. All the
redness disappeared within 2 h after injection.
There was no transient redness in the three
lower dose groups (0.1 lg, 0.25 lg, and 0.5 lg)
after intradermal injection.

Comparison Between RP22 and QFT-IT
Assay in All Participants

Eleven participants (15.5%) had positive QFT
results, and 60 participants (84.5%) had nega-
tive QFT results. Of the 11 positive-QFT partic-
ipants, five had induration diameter of greater
than 10 mm at 48–72 h. Of the 60 negative-QFT
participants, five participants had induration
but no diameter was larger than 10 mm (Fig. 2,
Table 3). On the basis of this, if the cutoff value
of induration was set as 10 mm, the agreement
between the RP22 and QFT was 0.92, and the
kappa value was 0.59 (Table 4).

bFig. 2 Skin reaction of RP22 and QFT result of all
participants. *Participants who received placebo, QFT
positive, redness, induration, number in the
blank is average redness diameter, number in the blank
is average induration diameter, the unit is millimeter
(mm), average diameter = (longitudinal ? transverse
diameter)/2

Table 3 Comparison between RP22 and QFT-IT assay in all participants

Reaction QUANTIFERON�
TB

Placebo
(n = 24)

0.1 lg
(n = 7)

0.25 lg
(n = 8)

0.5 lg
(n = 8)

1.0 lg
(n = 8)

2.0 lg
(n = 8)

4.0 lg
(n = 8)

Induration Negative (n = 60) 0 0 0 0 2a 2a 0

Positive (n = 11) 0 0 0 2 1 1 1

a All the diameters were smaller than 10 mm at different time points

Table 4 Concordance between theRP22 and QFT

QFT-positive QFT-negative Kappa value (95% CI) Proportion of agreement

RP22-positivea 5 0 0.59 (0.30–0.88) 0.92

RP22-negativea 6 60

a The cutoff value of induration is set as 10 mm, induration C 10 mm is RP22 positive,\ 10 mm is RP22 negative
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Placebo Group

The placebo group included 12 women and 12
men with a mean age of 24 ± 3 years. Two of
them had positive QFT-GIT results, and none of
them had induration within 72 h.

0.1 lg RP22 Group

This group included three women and four
men, mean age 25 years (SD 4 years). One par-
ticipant in this group had a positive QFT-GIT
result but an unresponsive skin test result
within 72 h.

0.25 lg RP22 Group

This group included four women and four men,
mean age 25 years (SD 2 years). One participant
in this group had a positive QFT-GIT result but
an unresponsive skin test result within 72 h.

0.5 lg RP22 Group

This group included four women and four men,
mean age 26 years (SD 3 years). Two partici-
pants in this group had positive QFT-GIT results
and responsive skin test results, one had a
maximum induration diameter (27.5 mm) at
72 h, the other one had a maximum induration
diameter (40.1 mm) at 72 h.

1.0 lg RP22 Group

This group included four women and four men,
mean age 25 years (SD 3 years). Three partici-
pants showed positive QFT-GIT results and one
of them showed a responsive skin test result
with maximum induration diameter (27.3 mm)
at 72 h, the other two participants had unre-
sponsive skin test results within 72 h. Two par-
ticipants in this group showed negative QFT-
GIT results but responsive skin test results, one
had a maximum induration diameter (8.6 mm)
at 72 h, the other one had the maximum
induration diameter (7.5 mm) at 72 h.

2.0 lg RP22 Group

This group included four women and four men,
mean age 23 years (SD 2 years). One had a pos-
itive QFT-GIT result and a responsive skin test
result, which had a maximum induration
diameter (66.5 mm) at 72 h. Two participants in
this group showed negative QFT-GIT results but
responsive skin test results, one had a maxi-
mum induration diameter (6.3 mm) at 72 h, the
other one had the maximum induration diam-
eter (6.2 mm) at 72 h.

4.0 lg RP22 Group

This group included four women and four men,
mean age 25 years (SD 2 years). One had a pos-
itive QFT-GIT result and a responsive skin test
result, which had the maximum induration
diameter (45.4 mm) at 72 h.

DISCUSSION

The goals of the World Health Organization’s
End TB Strategy have led to a renewed focus on
screening for LTBI in individuals at risk [13] and
the IA skin test approach has become a new
focus. It has simplicity in that it requires no
laboratory processing of clinical samples. This
new test uses MTB antigens that are not present
in the BCG vaccine or most environmental
mycobacteria and have well-established speci-
ficity [14].

Through this phase I clinical trial, we con-
firmed that all doses RP22 except 0.4 lg as a skin
test reagent for the diagnosis of Mtb infection
was well tolerated and safe. No serious adverse
events associated with the injection were
observed in any of the groups, all the adverse
reactions are mild. The major adverse reactions
after injection included systemic AEs and local
injection area AEs. Systemic AEs included
dizziness, sweating, and abnormal ECG or lab-
oratory examination results. There were two
participants who had dizziness and a sweating
reaction within 5 min after the skin test in
groups A and B, respectively. Two participants
had transient sinus bradycardia and returned to
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normal rhythm (more than 60 beats per min-
ute) within 2 h; we think they did not have
organic heart disease. The seven other systemic
AEs were mild, and all the abnormal indicators
had returned to normal within 1 week.

In 83.3% (10/12) participants, a transient
redness was observed within 15–30 min after
injection in the highest doses that had disap-
peared within 2 hours after injection. We spec-
ulated that the phenomenon of transient
redness occurring in the higher dose groups was
related to a higher osmotic pressure of the
solution of RP22 and placebo in the higher dose
groups. The later redness that occurred at
48–72 h after antigen injection was ascribed to a
delayed type hypersensitivity (DTH) reaction to
the antigen by participants with LTBI. We
recorded the early redness as a local adverse
event, but the later redness was not considered
as a local adverse event unless the diameter was
larger than 30 mm. As the performance of red-
ness was unstable, we agreed that the effect
measure of this test was induration, just like the
widely accepted measure for skin test. There
were some differences in the time and diameter
of DTH reaction between the animal model and
humans. Although the maximum induration in
the guinea pig model was at 24 h after antigen
injection, in humans this occurred at 48–72 h
after antigen injection; this difference is con-
sistent with other studies of antigen skin tests in
humans and animals [15, 16].

In animal studies, intradermal tests with
ESAT6 and a combination of ESAT6 with CFP10
protein had shown safety and sensitivity to
inducing specific skin test responses [17, 18].
Several large and ongoing follow-up studies in
humans have also shown specificity and sensi-
tivity, proof of safety, feasibility, and dosage
tolerability of a recombinant dimeric version of
ESAT6 (rdESAT6) [19, 20]. However, the sensi-
tivity with rdESAT6 was not ideal, and com-
bined use of CFP10 and ESAT6 showed higher
sensitivity in the diagnosis of TB than the use of
either antigen alone and the specificity was not
lower [21]. Further studies showed that com-
bined rdESAT6/rCFP10 (C-Tb) could discrimi-
nate patients with TB from BCG-vaccinated
healthy individuals with excellent sensitivity in
phase I/II clinical trials [22, 23]. Ruhwald [9]

reported an assessment of C-Tb in a phase III
clinical trial. A total of 979 participants com-
prising negative controls, close contacts, occa-
sional contacts, and patients with active TB
were enrolled at 13 centers in Spain. C-Tb and
QFT results were concordant in 785 (94%) of
834 participants aged 5 years and older, and
results did not differ significantly between
exposure groups.

As expected, there was a clear association
between a positive QFT-IT test result (11 par-
ticipants) and positive RP22 result (5 of the 11
participants had induration larger than 10 mm
at 48–72 h) and a dose–response relationship
was evident in the RP22 results. It was
notable that the middle doses of RP22 (0.5 lg
and 1 lg) gave higher concordance with TST
and IGRA than the lower doses and fewer
adverse reactions than the higher doses.
Induration diameter larger than 10 mm could
be used as a positive cutoff to diagnose LTBI.
Our study suggested that RP22 could play a key
role in screening for LTBI and provide a much-
wanted alternative to the existing TST and IGRA
methods. A limitation of our study was the
inclusion of only adult healthy individuals. In
further studies, safety evaluation and diagnostic
performance in a wider range of population
including patients with TB, those with recent
TB infection, close contacts, children,
immunocompromised, and high/low TB burden
context citizens should be conducted as phase II
and III clinical trials. Furthermore, we will focus
on assessing the consistency of RP22 with
IGRAs, evaluate the mechanism of false positive
or false negative cases, and determine whether
this approach can be used as an independent
diagnostic index or just a complementary test
for TST.

CONCLUSIONS

RP22 was well tolerated and safe in healthy
normal participants and those with LTBI. The
maximum response was obtained 48–72 h after
antigen injection; the suitable response
induration diameter could be defined as 10 mm
and the suitable dose could be defined as 0.5 lg
or 1 lg. As a skin test reagent for Mtb infection,
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RP22 could play an important role in the
screening of LTBI.
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