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Background. The monovalent type 2 oral poliovirus vaccine (mOPV2) stockpile is low. One potential strategy to stretch the ex-
isting mOPV2 supply is to administer a reduced dose: 1 drop instead of 2.

Methods. We conducted a randomized, controlled, open-label, noninferiority trial (10% margin) to compared immunogenicity 
after administration of 1 versus 2 drops of mOPV2. We enrolled 9–22-month-old infants from Mocuba district of Mozambique. 
Poliovirus neutralizing antibodies were measured in serum samples collected before and 1 month after mOPV2 administration. 
Immune response was defined as seroconversion from seronegative (<1:8) at baseline to seropositive (≥1:8) after vaccination or 
boosting titers by ≥4-fold for those with titers between 1:8 and 1:362 at baseline. The trial was registered at anzctr.org.au (no. 
ACTRN12619000184178p).

Results. We enrolled 378 children, and 262 (69%) completed per-protocol requirements. The immune response of mOPV2 
was 53.6% (95% confidence interval, 44.9%–62.1%) and 60.6% (52.2%–68.4%) in 1-drop and 2-drop recipients, respectively. The 
noninferiority margin of the 10% was not reached (difference, 7.0%; 95% confidence interval, −5.0% to 19.0%).

Conclusion. A small loss of immunogenicity of reduced mOPV2 was observed. Although the noninferiority target was not 
achieved, the Strategic Advisory Group of Experts on Immunization recommended the 1-drop strategy as a dose-sparing measure 
if mOPV2 supplies deteriorate further.
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The Global Polio Eradication Initiative (GPEI) has made steady 
progress toward the eradication target since its inception in 
1988 [1]. The number of paralytic cases due to wild polio-
virus has declined worldwide by >99.9%, and 2 of the 3 wild 
poliovirus serotypes have been declared eradicated by an inde-
pendent Global Certification Commission: serotype 2 in 2015 
and serotype 3 in 2019 [2, 3].

The GPEI has implemented the endgame Strategic Plan 
2013–2018 to accelerate the eradication of wild poliovirus type 1 
from its last endemic zones in Pakistan and Afghanistan. [4]. In 
addition, the plan called for the sequential removal of the Sabin 

strains from the oral poliovirus vaccine (OPV) and the con-
comitant addition of ≥1 dose of inactivated poliovirus vaccine 
(IPV) in routine national immunization programs. The removal 
was needed because the continuing use of live viral vaccines is 
incompatible with eradication, since these viruses can mutate 
and recombine, thus reacquiring the neurovirulence and trans-
mission characteristics of wild poliovirus [5]. The burden of 
paralytic disease caused by vaccine-related polioviruses would 
not be accepted as the world approaches eradication of wild po-
liovirus. For example, Sabin type 2 was responsible for approx-
imately 40% of the vaccine-associated paralytic poliomyelitis 
burden and caused 91% of circulating vaccine-derived polio-
virus (cVDPV) cases between 2000 and 2016 [6]. 

Therefore, in April 2016, trivalent OPV (serotypes 1, 2, and 
3) was globally withdrawn and replaced by bivalent types 1 and 
3 OPV plus ≥1 dose of IPV in routine immunization schedule 
[7]. While 1 dose of IPV protects about 50% of vaccine recipi-
ents against paralytic poliomyelitis and primes the vast ma-
jority of remaining IPV recipients, it provides limited mucosal 
intestinal immunity to prevent infection and transmission of 
poliovirus [8]. Therefore, the GPEI created a global stockpile 
of monovalent type 2 OPV (mOPV2) to ensure the availability 
of an effective outbreak response tool in the post-OPV2 with-
drawal period [1].
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Since April 2016, the number of cVDPV2 outbreaks has sub-
stantially exceeded what was forecasted. In 2019 alone, there 
have been >40 cVDPV2 outbreaks affecting 17 countries, of 
which the majority were in Africa [9]. These outbreaks are 
largely continuing and require large quantities of mOPV2 for 
control. The original stockpile is low, and the additional bulk 
stored by manufacturers is being procured and converted into 
the final product [10].

As a contingency measure for responding to such a scenario, 
the Bill & Melinda Gates Foundation established the New OPV 
Consortium to develop a more genetically stable novel OPV2 
(nOPV2) vaccine. Preclinical research and development of 
nOPV2 have been ongoing since 2011, with an acceleration of 
the development in the past 2 years [11]. Until nOPV2 is avail-
able, the depleting mOPV2 stockpile is the only option avail-
able to respond to cVDPV2 outbreaks [12], and dose-sparing 
strategies must be considered to stretch finite mOPV2 sup-
plies to control the increasing number and geographic scope of 
cVDPV2 outbreaks.

One dose-sparing strategy is to reduce the volume of admin-
istered vaccines, from the standard 2 drops of mOPV2 (≥105 
50% cell culture infective dose [CCID50]) to a single drop (≥104.9 
CCID50) as an immunizing dose. In our trial, we compared the 
immunogenicity of a 1-drop single dose with a standard 2-drop 
single dose of mOPV2.

METHODS

This noninferiority, randomized controlled trial, was conducted 
during the cVDPV2 outbreak response in Zambézia Province, 
Mozambique, with the primary objective to assess the anti-
body response induced by 1 drop of mOPV2 compared with 
the standard 2 drops. The study had to be conducted as part 
of the cVDPV2 outbreak response, since any use of mOPV2 
is restricted to outbreak response and must be authorized di-
rectly by the director-general of the World Health Organization 
(WHO). The outbreak of cVDPV2 in Mozambique provided an 
opportunity to conduct this study; however, the timing and lo-
gistic complexities of the outbreak response led to limitations in 
our ability to enroll and follow-up on the selected study cohort.

The study was nested in a specific geographic area within 
the outbreak response area for cVDPV2 in Molumbo District, 
Zambézia Province, Mozambique. The outbreak response was 
conducted between January and March 2019 and comprised 3 
rounds of supplemental immunization activities with mOPV2 
in children <5 years old in Zambézia Province and surrounding 
districts in Nampula and Niassa Provinces. Following the 
standard operating procedures for outbreak response [12], 3 
rounds of mOPV2 (round 0 in the immediate area of the de-
tection of cVDPV2; rounds 1 and 2 in a larger geographic area) 
were conducted. The study was carried out during round 1 (the 
first of the 2 larger rounds) of mOPV2 in Zambézia. The trial 
was approved by the ethics review committees of WHO, and by 

the Institutional Health Bioethics Committee and the National 
Health Bioethics Committee (IRB00002657; reference no.  62/
CNBS/19), before administrative approval by the Ministry of 
Health of Mozambique was sought.

This open-label, noninferiority, 2-arm, randomized con-
trolled trial was conducted in Mocuba, Zambézia, Mozambique. 
The district of Mocuba was chosen because it was included in 
the larger outbreak response but not in round 0 and was located 
at a considerable distance from the residence of the confirmed 
polio case patient (>200 km).

Study participants were enrolled from 8 sites in the Mocuba 
district. Inclusion criteria were healthy children between 9 and 
22 months of age whose parents did not intend to travel within 
the next 6 weeks. This age group had not been previously vac-
cinated with mOPV2 (the most recent mOPV2 campaign in 
Mozambique was in May 2017). Children underwent a clinical 
examination to confirm eligibility and written informed con-
sent was obtained from the child’s guardian. Children with se-
vere illness on physical examination, fever defined as a body 
temperature of ≥37.5°C, history of coagulation disorder, or 
diagnosis or suspicion of immunodeficiency disorder were ex-
cluded from the study. Eligible children were randomized to the 
intervention arm (1- drop; arm A) or control arm (2 drops; arm 
B) of mOPV2. Randomization was done at block sizes of 4:6:12, 
with equal distribution for both study arms. The randomiza-
tion list was available only to the lead researcher and the study 
coordinator.

At the first visit, after confirmation of eligibility for enroll-
ment and obtaining of informed consent, 1  mL of venous 
blood was collected; the vaccine was subsequently adminis-
tered orally, according to study arm allocation. The second visit 
was conducted 4 weeks after the first visit and a second 1-mL 
sample of venous blood was collected. After the second blood 
sample was obtained, all children were administered 2 drops of 
mOPV2 and a single dose of IPV to provide maximum protec-
tion against polio to all enrolled children; this was a require-
ment of the ethics review committee. These additional vaccines 
were not part of the study. The mid–upper arm circumference 
was measured during the second visit to assess the presence of 
severe acute malnutrition [13]. This measurement was added to 
the study procedures after the first visit because the study staff 
reported a high perceived malnutrition rate in this population 
during the first visit.

The vaccine used in the study was mOPV2 from 
GlaxoSmithKline with a reported titer ≥105 CCID50, manufac-
tured in 2017. The actual prerelease titer for this vaccine lot, 
reported to WHO, was 105.5, corresponding to 316 227 CCID50, 
approximately 3 times the potency minimum levels required for 
release; this allows for the use of a reduced dose.

All blood specimens collected were transported to the labo-
ratory of Mocuba District Hospital and centrifuged to separate 
serum. Specimens were stored at 2ºC–8ºC for 72 hours before 
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shipment to the Instituto Nacional de Saúde in Marracuene, 
where they were stored at −40ºC until shipment to the Centers 
for Disease Control and Prevention in Atlanta, Georgia, 
which tested serum samples for the presence of poliovirus-
neutralizing antibodies, using standard neutralization assays 
[14]. The final dilution tested was 1:1024, and the maximum 
reported titer was ≥1:1448.

The primary outcome of the study was the poliovirus type 
2 immune response 4 weeks after receipt of mOPV2. The sec-
ondary outcome was seropositivity for poliovirus serotypes 
1 and 3 and median antibody titers. For each serotype, sero-
positivity was defined as a detectable titer of poliovirus neu-
tralizing antibodies of ≥1:8. Seroconversion was defined as a 
change from a nondetectable to a detectable titer (ie, from <1:8 
to ≥1:8). For subjects with reciprocal titer ≥1:8 at baseline, 
boosting was defined as a 4-fold increase in titer. Because the 
upper detection limit of the test was 1:1448, children with base-
line antibody titers >1:362 had to be excluded from analysis for 
boosting. Immune response was defined as the presence of ei-
ther seroconversion or boosting. The distribution of antibody 
titers is reported as a reverse cumulative curve.

The target sample size for each arm was calculated to be 176 
children. This was based on the assumptions of type 2 immune 
response of 85%, a 10% noninferiority margin, and a 5% level 
of significance with 80% power. In addition, we assumed that 
10% of children would have high baseline antibody titers and 
would need to be excluded from the boosting and immune re-
sponse end points. Noninferiority was set as ≤10% of the lower 
bound of 95% CI of the difference in the proportion of immune 
response between study arms.

We report the per-protocol analysis; an intention-to-treat 
analysis was also performed with the same results. Baseline 
categorical factors were compared using Fisher exact tests and 
normal tests for proportion between 1-drop and 2-drop arms, 
and Mann-Whitney U tests were used for age (in months). The 
95% exact confidence intervals (CIs) were calculated for the dif-
ferences between the groups, and noninferiority was assessed 
based on these CIs. Median antibody titers were computed, 
along with interquartile ranges. Titer distributions were com-
pared using the Mann-Whitney U test. Adverse events and 
severe adverse events were noted and reported as percentages 
in each arm. All P values were 2 sided, and all analyses were 
performed using SAS 9.4 software. This trial was registered at 
anzctr.org.au (no. ACTRN12619000184178p) on 8 February 
2019.

RESULTS

From March to April 2019, a total of 402 children aged 
9–22  months were screened and 378 children were enrolled 
(Figure  1). Of those, 275 children (73%) completed all study 
procedures; however, 13 of 275 (5%) children were further ex-
cluded from the immunogenicity analysis because 11 had initial 

titers >1:362, which did not allow for evaluation of boosting, 
and 2 did not provide enough serum for analysis. The final 
sample for analysis of immunogenicity in the per-protocol pop-
ulation was 262 children (125 in arm A and 137 in arm B).

The demographic characteristics are shown in Table 1. There 
were no significant differences between arms A and B with re-
gard to sex, prior vaccination history with IPV, or the number 
of bivalent OPV doses received.

The baseline seroprevalence was 89.7%, 54.1%, and 82.7% for 
serotypes 1, 2, and 3, respectively; there were no significant dif-
ferences in baseline seroprevalence or baseline antibody titers 
between study arms (Table 2). Baseline seroprevalence for po-
liovirus type 2 was significantly higher among children with a 
history of 1 dose of IPV than in those without an IPV history 
(62.8% [137 of 218] vs 23.5% [12 of 51]; P< .001).

The difference in the proportion of those with immune re-
sponse between the 2-drop and 1-drop arms was 7.0% (95% CI, 
−5.0% to 19.0%), and the differences for seroconversion and 
boosting were 3.2% (95% CI, −13.4 to 19.7) and 6.5% (−10.5 to 
23.5), respectively (Table 3). The noninferiority margin of 10% 
was not reached for any of the 3 indicators (Table 3). We did 
not find any significant risk factors affecting immune response 
(malnutrition, P = .54; prior IPV history, P = .63; age, sex, or 
diarrhea in the 24 hours before visit 1, P > .1 for all factors).

Before vaccination, the median titer (interquartile range) of 
type 2 antibodies was 9.0 (<8 to 22.6) and 9.0 (<8 to 28) in the 
1-drop and 2-drop arms, respectively, compared with 324 (11.3 
to ≥1448) and 910 (11 to ≥1448) about a month after receiving 
the vaccine (Table 2). The antibody titer distributions did not 
differ between study arms at baseline (P = .98) or after vacci-
nation (P = .73). The distributions of antibody titers at baseline 
and the end of the study are shown in Figure 2.

A total of 30 adverse events in the 1-drop and 45 in the 
2-drop arm were reported between visits 1 and 2. The adverse 
events reported included fever with or without suspected ma-
laria (63% in arm A and 62% in arm B), upper respiratory in-
fections (10% and 16%, respectively), diarrhea (17%, and 13%), 
and other conditions (10% and 8%). None of the adverse events 
were assessed by the principal investigator to be related to the 
study procedures or the vaccine.

DISCUSSION

Our study found that a 50% dose reduction of mOPV2 was 
marginally less immunogenic than the standard dose of 
mOPV2; in fact, the reverse antibody titer distribution curves 
were very similar to each other. However, we did find differ-
ences between the study arms. The overall immunogenicity 
(seroconversion and boosting) levels were somewhat lower (7% 
[95% CI, −5.0% to 19.0%]) in the 1-drop arm. If we restrict the 
analysis to subjects with no detectable antibodies at baseline, 
the difference in seroconversion between study arms becomes 
3.2% (95% CI, −13.4% to 19.7%). Seroconversion among the 
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standard protocol (2-drop) arm was similar to the ones re-
ported in Lithuania in Europe and Pakistan in Asia (71% [95% 
CI, 54.5%–83.9%; 29 of 41] and 76% [63%–87%; 39 of 51]), re-
spectively [15, 16]. In an outbreak response, the seronegative 
group (probably fully susceptible to the infection) would be of 
greatest interest.

As mentioned, the standard operating procedure for outbreak 
control requires several campaign rounds with mOPV2 [12]. 
Initially, round 0 includes the immediate detection zone, and 
then rounds 1 and 2 include a larger geographic area. In prac-
tice, however, often more campaigns with mOPV2 are needed 
when assessments of low supplemental immunization activity 
quality or breakthrough infection are found. Cumulative se-
roconversion calculations with 3 reduced versus full doses of 
mOPV2 will result in narrowing the difference in seroconver-
sion to about 1%, a difference that is unlikely to have significant 
public health implications.

However, the 1-drop strategy would require substantial pro-
grammatic efforts to train the vaccinators and the supervisors. 
It could also possibly result in increased wastage rates. Finally, 
it would also involve off-label use of mOPV2. Therefore, the 
1-drop strategy must be embraced with caution. Only a critical 

Table 1. Baseline Characteristics of Study Population

Characteristic

Study Participants, No./Total (%)a

P 
Value

Arm A (1-Drop 
mOPV2)

Arm B (2-Drop 
mOPV2)

Age, median (IQR), mo 14 (11–18) 14 (11–17) .29b

Male sex 92/185 (49.7) 104/193 (53.9) .47c

bOPV doses receivedd    

 0 11/164 (6.7) 4/160 (2.5) .21c

 1–3 77/164 (47.0) 76/160 (47.5)

 >3 76/164 (46.3) 80/160 (50.0)

Receipt of 1 IPV dosed 107/139 (77.0) 114/133 (85.7) .09c

Nutritional status based on MUAC    

 Normal (MUAC >13.5 cm) 85/134 (63.4) 104/151 (68.9) .59e

 Mild malnutrition (MUAC 12.5 
to ≤13.5 cm)

34/134 (25.4) 34/151 (22.5) .28e

 Moderate/severe malnutrition 
(MUAC <12.5 cm)

15/134 (11.2) 13/151 (8.6) .36e

MUAC, median (IQR), cm 14 (13.2–14.6) 14 (13.5–14.9) .32b

Abbreviations: bOPV, bivalent OPV; IPV, inactivated poliovirus vaccine; IQR, interquartile range; 
mOPV2, monovalent oral poliovirus vaccine type 2; MUAC, mid–upper arm circumference.
aData represent no./total (%) of study participants unless otherwise specified. 
bMann-Whitney U test.
cFisher exact test.
dBased on the information in the immunization card; children without cards were excluded. 
eNormal test for proportions.

Completed visit 1
n = 185

Completed visit 1
n = 193

Randomized

Arm B
(2 drops)

Arm A
(1 drop)

Enrolled
n = 378

Screened
n = 402

Inadequate sample / No
sample (4)

Lost to follow-up
between visits (42)

No sample, (4),
mOPV2 vaccine

missing (2)

Completed
Visit 2

n = 151

Completed
Visit 2

n = 134

Completed both visits
n = 130

Completed both visits
n = 145

Inadequate sample (2)
Baseline reciprocal

antibody titer >362 (6)

Included for
immunogenicity analysis

n = 137

Included for
immunogenicity analysis

n = 125

Baseline reciprocal
antidbody titer >362

(5)

No sample (2),
mOPV2 vaccine

missing (2)

Lost to follow-up
between visits (51)

Included for baseline
serological analysis

n = 185

Included for baseline
serological analysis

n = 189

Figure 1. Trial profile. Abbreviation: mOPV2, monovalent oral poliovirus vaccine type 2.
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shortage of the available mOPV2 may require such drastic 
measures as an alternative to not doing a polio mass campaign 
and not protecting children. A possibly delay in the availability 
of the newly developed nOPV2 would lead the polio eradica-
tion program to implement this strategy.

Our study demonstrated that the routine immunization pro-
gram in Mocuba district performed well and achieved high 
seroprevalence rates for poliovirus type 1 (90%) and type 3 
(84%). The joint UNICEF/WHO-reported vaccine coverage es-
timate for IPV in Zambézia in 2018 was 86% [17]. We found 
that the baseline seroprevalence for poliovirus type 2 was 52%. 
Assuming that Mocuba had no documented circulation of type 
2 poliovirus since 2016 and that immunogenicity of 1 dose of 
IPV administrated at 4 months is estimated at 63% [8] we cal-
culated that the IPV routine immunization coverage in Mocuba 
was about 85%, consistent with the estimated coverage reported 
to UNICEF/WHO.

We did not observe any effect of malnutrition on mOPV2 
immunogenicity, unlike a previous study in Pakistan [18]. We 
assessed acute malnutrition based only on mid–upper arm 
circumference, whereas chronic malnutrition in Pakistan was 

assessed using weight and height measurements; there, only 
chronic severe malnutrition interfered with the immunoge-
nicity of mOPV2. The other issue may be our small sample size.

Our study had some limitations, the most important of which 
was the loss to follow-up, approaching 30%. This is because the 
study was conducted under emergency conditions, as mOPV2 
use is allowed only in the context of an already- planned 
cVDPV2 response. The recruitment and follow-up had to be 
completed quickly to avoid overlap with the upcoming mOPV2 
vaccination campaign round, which led to a high attrition rate 
between visits 1 and 2. In addition, in the rural population in 
Mocuba, rumors circulated that the blood of their children was 
sold for witchcraft. This led to some families’ decision to with-
draw from the study. The reduced sample size resulted in re-
duced power of the study and consequently wide CIs around 
point estimates of the immune response. 

Finally, we could not measure mucosal response, although it 
is an excellent proxy. Excretion of the virus in stool would have 
provided additional value, but was deemed not feasible under 
the emergency circumstances of this study. With the serocon-
version rate of 60.6% in the 2-drop arm, the sample sizes of 125 

Table 2. Seroprevalence and Median Titers for Poliovirus Serotypes Before and After Vaccination in the 1-Drop and 2-Drop Arms

Seroprevalence and Titers Arm A (1-Drop mOPV2) Arm B (2-Drop mOPV2) P Value

Baseline seroprevalence, no./total (% [95% CI])    

 Type 1 166/185 (89.7 [84.4–93.7]) 170/189 (90.0 [84.8–93.8]) >.99a

 Type 2 100/185 (54.1 [46.6–61.4]) 96/189 (50.8 [43.4–58.1]) .54a

 Type 3 153/185 (82.7 [76.5–87.9]) 162/189 (85.7 [80.0–90.4]) .48a

Baseline titer, median (IQR)    

 Type 1 ≥1448 (455.1 to ≥1448) 1152 (362 to ≥1448) .46b

 Type 2 9.0 (<8 to 22.6) 9.0 (<8 to 28) .98b

 Type 3 910.2 (113.8 to ≥1448) 910 (228 to ≥1448) .45b

Final seroprevalence, no./total (% [95% CI])    

 Type 1 117/130 (90.0 [83.5–94.6]) 132/145 (91.0 [85.2–95.1]) .84a

 Type 2 105/130 (80.8 [72.9–87.2]) 117/145 (80.7 [73.3–86.8]) >.99a

 Type 3 113/130 (86.9 [80.0–92.2]) 124/145 (85.5 [78.7–90.8]) .86a

Final titer, median (IQR)    

 Type 1 ≥1448 (362 to ≥1448) ≥1448 (910 to ≥1448) .54b

 Type 2 324 (11.3 to ≥1448) 910 (11 to ≥1448) .73b

 Type 3 ≥1448 (181 to ≥1448) ≥1448 (455 to ≥1448) .57b

Abbreviations: CI, confidence interval; IQR, interquartile range; mOPV2, monovalent oral poliovirus vaccine type 2.
aFisher exact test. 
bMann-Whitney U test.

Table 3. Seroconversion, Boosting, and Immune Response in the 1-Drop and 2-Drop Arms and Differences Between Arms

Results

Participants, No./Total (% [95% CI]

Difference Between Arms (95% CI), %aArm A (1-Drop mOPV2) Arm B (2-Drop mOPV2)

Seroconversion 35/54 (64.8 [51.5–76.2]) 51/75 (68.0 [56.8–77.5]) 3.2 (-13.4 to 19.7)

Boosting 32/71 (45.1 [34.1–56.6]) 32/62 (51.6 [39.5–63.6]) 6.5 (-10.5 to 23.5)

Immune response 67/125 (53.6 [44.9–62.1]) 83/137 (60.6 [52.2–68.4]) 7.0 (-5.0 to 19.0)

Abbreviations: CI, confidence interval; mOPV2, monovalent oral poliovirus vaccine type 2.
aArm A minus arm B.
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in arm A and 137 in arm B achieved only 45% power to detect 
a 10% noninferiority margin, and 76% power to detect a 15% 
noninferiority margin. Finally, we cannot rule out secondary 
transmission of poliovirus type 2, because the first round of 
the mOPV2 vaccination campaign started on 16 March during 
recruitment.

The results of this study were presented to WHO’s Strategic 
Advisory Group of Experts on Immunizations (SAGE) in 
October 2019. Although SAGE noted the limitations of the 
study, they recommended that the global polio eradication pro-
gram consider the use of a 1-drop mOPV2 strategy in the case 
of severe vaccine shortage [19].

In summary, our study provides important information on 
the possible dose-sparing effect of mOPV2. Although SAGE 
recommends the use of this strategy, if necessary, it has not 
been implemented thus far. However, if the cVDPV2 outbreaks 
cannot be controlled rapidly, this option may very well need to 
be exercised.
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