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Background.  Immunodeficient individuals who excrete vaccine-derived polioviruses threaten polio eradication. Antivirals 
address this threat.

Methods.  In a randomized, blinded, placebo-controlled study, adults were challenged with monovalent oral poliovirus type 1 
vaccine (mOPV1) and subsequently treated with capsid inhibitor pocapavir or placebo. The time to virus negativity in stool was 
determined.

Results.  A total of 144 participants were enrolled; 98% became infected upon OPV challenge. Pocapavir-treated subjects (n = 93) 
cleared virus a median duration of 10 days after challenge, compared with 13 days for placebo recipients (n = 48; P = .0019). Fifty-two 
of 93 pocapavir-treated subjects (56%) cleared virus in 2–18 days with no evidence of drug resistance, while 41 of 93 (44%) treated 
subjects experienced infection with resistant virus while in the isolation facility, 3 (3%) of whom were infected at baseline, before 
treatment initiation. Resistant virus was also observed in 5 placebo recipients (10%). Excluding those with resistant virus, the median 
time to virus negativity was 5.5 days in pocapavir recipients, compared with 13 days in placebo recipients (P < .0001). There were no 
serious adverse events and no withdrawals from the study.

Conclusions.  Treatment with pocapavir was safe and significantly accelerated virus clearance. Emergence of resistant virus and 
transmission of virus were seen in the context of a clinical isolation facility.
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As we approach the final stages of poliovirus eradication, chal-
lenges remain. Use of live oral poliovirus vaccines (OPVs) is 
being phased out globally as wild poliovirus disappears and 
should eliminate the source of circulating vaccine-derived 
polioviruses (VDPVs) capable of causing paralytic disease [1–
3]. Cessation of OPV use will also stop generation of new cases 
of immunodeficiency-associated VDPVs (iVDPVs). Patients 
infected with iVDPVs have primary immune deficiencies that 

result in their inability to clear an OPV infection and can result 
in a chronic infection in which virus is excreted for years. Once 
OPV use stops, patients with iVDPV infection will represent 
the last reservoirs of poliovirus. Improved and expanded sur-
veillance initiatives must identify these patients, and once 
they are identified, there must be a means of stopping virus 
excretion and resolving the underlying infection. Antiviral 
drugs represent the most plausible solution to this threat [4, 5]. 
Currently, there are no antipoliovirus drugs available.

Pocapavir (V-073) is an investigational drug that acts as a 
capsid inhibitor, preventing virion uncoating upon entry into 
the cell [5]. Pocapavir is particularly potent against polioviruses 
in laboratory tests [6, 7] and thus may have utility in the man-
agement of incidents of poliovirus infection during the eradica-
tion, certification, and posteradication periods. Pocapavir also 
exhibits activity against non–polio-associated enteroviruses and 
may be useful in treating serious enterovirus infections [8, 9]. 
Here, we report evaluation of pocapavir in humans challenged 
with monovalent oral poliovirus type 1 vaccine (mOPV1). The 
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objectives of the study were to assess safety, pharmacokinetics 
(PK), and antiviral activity of pocapavir in healthy adult subjects.

METHODS

Study Design

We conducted this randomized, blinded, placebo-controlled 
study to evaluate therapeutic efficacy, safety, and PK of orally 
administered pocapavir at the Clinical Trial Center, Sahlgrenska 
University Hospital (Göteborg, Sweden). The study was sponsored 
by ViroDefense (Chevy Chase, MD), monitored by Quintiles 
(London, United Kingdom), and registered under the European 
Union Clinical Trials Register (EudraCT 2011-004804-38). The 
protocol (available at: https://www.clinicaltrialsregister.eu/ctr-
search/trial/2011-004804-38/SE) and informed consent forms 
were reviewed and approved by the Göteborg Regional Ethical 
Review Board. This trial was conducted and essential study docu-
mentation archived in compliance with International Conference 
on Harmonization Guidelines and Good Clinical Practice.

Participants

Healthy Swedish volunteers 18–50 years old who had received 
the recommended Swedish childhood vaccination (4 injections 
of IPV) were screened for total and poliovirus-specific serum 
immunoglobulin A  (IgA) antibody [10]. Subjects positive for 
total serum IgA (a measure of immune competency) and nega-
tive for poliovirus-specific IgA (an indicator that exposure to live 
poliovirus was unlikely and, therefore, that mOPV1 replication 
was likely) were enrolled in the study. Additional inclusion and 
exclusion criteria are provided in the protocol referenced above. 
Subjects attended a screening visit before the study start, where 
medical history was collected, vital signs were measured, and 
drug and alcohol screening, clinical laboratory testing, 12-lead 
echocardiography (ECG), and a complete physical examination 
were performed. All subjects provided written informed con-
sent during the screening visit. Participants entered the clinic 
in groups of about 18 and were assigned to sleeping rooms, 
with 6 to a room (3 rooms total), and shared dining, entertain-
ment, and lavatory facilities. Subjects remained isolated in their 
groups through the end of their 14-day dosing period.

Randomization

Allocation to treatment group (pocapavir [ie, active treat-
ment] or placebo) was according to a SAS-generated ran-
domization list. All clinical and nonclinical staff, including 
the investigator, laboratory, data management, virology, and 
serology staff, were blinded to treatment allocation until 
after database lock. However, during the study the following 
individuals were unblinded: the statistician preparing the 
randomization; staff at AAI Pharma and Penn Pharma, who 
labeled capsule bottles and kits; staff from the bioanalytical 
group at Charles River Laboratories; and quality assurance 
auditors, when necessary. The sponsor was also unblinded to 
assess early virology data.

Procedures

Baseline serologic data (for total IgA, poliovirus type 1–specific 
IgA, and serum neutralizing antibody) were obtained prior to 
entering the clinic [10]. Eight consecutive groups of 18 subjects 
in close succession reported to the facility on study day −1. 
The following day (day 0), all subjects received 1 vaccine dose 
(median cell culture infective dose [CCID50], 106) of mOPV1. 
On study day 1 or 3, subjects were randomly assigned at a ratio 
of 2:1 to initiate a 14-day course of treatment with either poca-
pavir or placebo. Clinical laboratory testing and 12-lead ECG 
were performed and vital signs measured during the dosing 
period. Blood samples were collected before delivery of the 
morning dose for determination of pocapavir trough concen-
trations, and repeat samples were collected on days 1 and 14 for 
determination of the PK profile. Adverse events were monitored 
daily and recorded in subject diaries. Using specified hygienic 
procedures, stool samples were collected from all subjects prior 
to mOPV1 challenge.  During the 14-day dosing period, all 
stools from every subject were collected.  Thereafter, stools were 
collected weekly for 4 weeks. Aliquots of all stool specimens 
were packaged in a designated area within the clinical unit for 
shipment to collaborating laboratories.

Subjects received placebo or 1600  mg pocapavir (8 cap-
sules) per day according to the following 4 dosing regimens: 
once-daily dosing after consuming a high-fat meal (fat content, 
60–75 g), starting 72 hours after mOPV1 exposure (the QD3HF 
group); twice-daily dosing (800 mg each) after a high-fat meal, 
starting 72 hours after mOPV1 exposure (the BID3HF group); 
once-daily dosing after a high-fat meal, starting 24 hours after 
mOPV1 exposure (the QD1HF group); and once-daily dosing 
after a standard meal (fat content, <25 g), starting 72 hours after 
mOPV1 exposure (the QD3STD group).

Chloroform-extracted stool samples were determined to 
be virus positive or negative, according to the presence of a 
virus-induced cytopathic effect on L20B cells [11]. Virus-
positive samples were quantified by limiting dilution and, 
together with stool weight, were used to determine the level of 
daily and cumulative virus excretion during the in-clinic dos-
ing period. Drug susceptibility was determined by analysis of a 
baseline stool sample obtained at baseline (defined as the first 
available stool specimen obtained after mOPV1 administration 
and before dosing initiation) and on the last day of virus pos-
itivity from each subject. Poliovirus-specific serum neutraliza-
tion antibody titers were determined using standard methods 
[10] for samples obtained at baseline and on the last study day.

All clinical laboratory safety tests, including hematologic 
analysis (of white blood cell count and differential, red blood 
cells, hemoglobin, and platelets), serum biochemistry analysis 
(of sodium, potassium, creatinine, alkaline phosphatase, aspar-
tate aminotransferase, alanine aminotransferase, and biliru-
bin), and urinalysis (of protein, ketones, glucose, leukocytes, 
and red blood cells) were performed at the Clinical Chemistry 
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Laboratory, Sahlgrenska University Hospital (Göteborg, 
Sweden). Drug levels in plasma were determined by a vali-
dated liquid chromatography/mass spectrometry method at 
Charles River Laboratories (Edinburgh, United Kingdom). 
PK, pharmacodynamic (PD), and statistical analyses were per-
formed at Quintiles Biostatistics (Bloemfontein, South Africa, 
and Overland Park, KS). Virologic, serologic, nucleic acid 
sequencing and sequence analyses were performed at the Dutch 
National Institute for Public Health and the Environment 
(Bilthoven, the Netherlands). Virus quantification and sus-
ceptibility analyses were performed at the Centers for Disease 
Control and Prevention (Atlanta, GA).

Outcomes

The study’s primary efficacy measure was time from initiation 
of treatment to the first of 2 consecutive sampling days with no 
detection of virus in stool that were followed by no more than 
2 nonconsecutive days with virus detection in stool during the 
remainder of the study. Safety and adverse events were assessed. 
The cumulative level of secreted virus during the in-clinic treat-
ment period was a secondary end point. Drug susceptibility 
and poliovirus-specific serum neutralization antibody titers 
were determined. The PK profile of pocapavir after the first (day 
1) and last (day 14) dose confirmed that drug exposure was at a 
level expected to have antiviral activity.

Statistical Analysis

Based on virologic data from the planned interim assessment 
of the first two groups of 18 subjects (clinic groups 1 and 2), a 
hazard ratio of 0.322 was observed between pocapavir recipi-
ents (n = 11) and placebo recipients (n = 11; P = .0119). As a 
result, cohort size was set at 24 subjects for pocapavir groups, 
resulting in 80% power to detect the difference between each 
cohort-matched treatment group, using a 2-sided log-rank test 
with a significance level of .05. PK parameters were derived by 
noncompartmental methods, using WinNonlin, version 5.2 
(Pharsight, St. Louis, MO), or SAS, version 9.2 or higher (SAS 
Institute, Cary, NC). Log-transformed values of PK parame-
ters were analyzed in an analysis of variance (ANOVA) model 
with treatment as a fixed effect. Geometric least squares means 
together with 2-sided 95% confidence intervals (CIs), stratified 
by treatment, and geometric least squares mean ratios for all 
cohort-matched treatment groups with 2-sided 90% CIs were 
presented for each PK parameter. Graphics were prepared with 
SAS, version 9.2 or higher; SigmaPlot 9.2 (Systat Software, San 
Jose, CA); or KaleidaGraph 4.5 (Synergy Software, Reading, PA).

Based on the qualitative results of virology, the times to neg-
ative virus cultures and detection of drug-susceptible virus 
for each subject were measured in days from both the day of 
initiation of treatment and the day of OPV receipt. Daily (24-
hour) total levels of virus excreted were compared using a 1-way 
ANOVA model with treatment as a fixed effect. Cumulative lev-
els of virus excreted during dosing days 1–14 were compared 

between pocapavir recipients and cohort-matched placebo 
recipients. A nonparametric estimate of survival function for 
the presence of virus was computed for each cohort of placebo 
recipients, each cohort of pocapavir recipients, pooled placebo 
recipients, and pooled pocapavir recipients, using Kaplan-
Meier estimates. Comparisons between pocapavir recipients 
and cohort-matched placebo recipient and between pooled 
placebo recipients and pooled pocapavir recipients were con-
ducted using Wilcoxon test. P values are presented. The SAS 
PROC LIFETEST was used for analysis of time to virus negativ-
ity in stool specimens. The hazard ratio (calculated as the ratio 
of the hazard for pooled data from pocapavir recipients versus 
the hazard for pooled data from placebo recipients) of time 
to virus negativity in stool specimens and the corresponding 
95% CI were estimated using a Cox proportional hazard model 
with treatment as a model term. Least squares means together 
with corresponding 95% CIs are provided for each treatment 
for the difference (or ratio, for log-transformed data) between 
pocapavir recipients and cohort-matched placebo recipients 
and between pooled pocapavir recipients and pooled placebo 
recipients.

RESULTS

Between 10 January and 18 December 2012, healthy nonsmok-
ing male and female Swedish subjects who were 18–50 years 
old and received IPV during childhood were evaluated for 
study eligibility. Of 234 volunteers screened, 228 (97%) were 
negative for poliovirus type 1–specific IgA; all were positive 
for total serum IgA, thus excluding IgA immunodeficiency. 
One hundred forty-four volunteers were enrolled, challenged 
with mOPV1, and randomly assigned at a ratio of 2:1 to 
receive pocapavir or placebo allocated into 4 treatment cohorts 
(Figure 1).

No significant differences in baseline characteristics were 
noted among cohorts (Table 1). There were no deaths and no 
drug-related serious adverse events. All subjects were poliovi-
rus negative before entering the clinic. All completed the study, 
and all were negative for virus in stool specimens on the last 
study day. Baseline serum neutralizing antibody titers ranged 
from 1:4 to 1:128 (median, 1:8). There was a substantial rise 
(≥4-fold; median, 16-fold) in serum neutralizing antibody 
titer between the prestudy time point and the last study day 
(day 43–45) after mOPV1 challenge for 138 of the 144 serum 
pairs (96%). Of the remaining 6, 4 became infected upon OPV 
challenge and 2 appeared uninfected. The latter were excluded 
from efficacy analyses. One additional subject was excluded for 
insufficient stool sampling, resulting in a PD population of 141.

Subjects received placebo or 1600  mg of pocapavir daily. 
Study variables for the four 36-member cohorts included once-
daily dosing versus split dosing, dosing initiation on study day 1 
versus study day 3 after OPV administration, or receipt of treat-
ment after consuming either a high-fat or standard meal.
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The PK profile of pocapavir was determined on dosing days 
1 and 14 (Table 2). The mean concentration time profiles were 
similar among dosing cohorts (Supplementary Figure S1). 
There were no significant differences in pocapavir exposure 
(a measured by peak concentration [Cmax] and area under the 
curve [AUC] values) between dosing days 1 and day 14 within 
each cohort. Cmax and AUC levels were approximately 2-fold 
higher when pocapavir was administered after high-fat meals 
(ie, in the QD3HF and QD1HF groups), compared with admin-
istration with a standard meal (in the QD3STD group), or as a 
split dose for the twice-daily high fat group, compared with the 
once-daily high-fat groups. Drug levels for all dosing regimens 
were well above the mean effective in vitro antiviral inhibitory 
concentration (EC50), defined as 10 ng/mL or 0.024 µM.

The study’s primary end point was time from initiation of 
treatment to virus negativity in stool specimens, as measured 

by virus culture. The daily status (virus positive or virus neg-
ative) of all stool samples was determined. For virus-positive 
samples, specimens obtained at baseline and on the last day of 
virus positivity were evaluated for drug susceptibility. If sam-
ples were found to have drug-resistant virus, additional samples 
from that subject were evaluated to determine when resistance 
first appeared.

Figure 2 presents the day after dose initiation on which the 
primary end point was achieved for each subject in the PD 
population. The median duration of virus excretion among all 
placebo-treated subjects combined (n  =  48) was 13  days and 
that for all pocapavir-treated subjects combined (n = 93) was 
10 days (P = .0019). However, when individual cohort-matched 
pocapavir and placebo recipients were analyzed, the differ-
ence was significant only for the QD3HF cohort (median, 7 vs 
13.5 days; P = .0039; Table 3A).

144 enrolled

6 ineligible

144 randomized

3 excluded
2 not infected; 
1 insufficient stool
   quantity

QD3HF 24A/12P

144 received 
mOPV1

234 subjects screened
positive for total serum IgA and

negative for poliovirus
type 1–specific IgA

BID3HF 24A/12P

QD1HF 24A/12P

QD3STD 24A/12P

46 excluded for resistance
QD3HF 5A/2P 

BID3HF 13A/1P 
QD1HF 15A/0P
QD3STD 8A/2P

PD Population
(intention to treat;
n = 141) 93A/48P

PK Population
(n = 96) 4 groups of 24A

Susceptible
Subpopulation (n = 95)

52A/43P 

QD3HF 23A/12P

BID3HF 24A/12P

QD1HF 23A/12P

QD3STD 23A/12P

QD3HF 18A/10P

BID3HF 11A/11P

QD1HF 8A/12P

QD3STD 15A/10P

Safety Population
(n = 144) 96A/48P

Figure 1.  Study profile. Subjects received placebo or 1600 mg of pocapavir (8 capsules) per day according to the following 4 dosing regimens: once-daily dosing after 
consuming a high-fat meal (fat content, 60–75 g), starting 72 hours after monovalent oral poliovirus type 1 vaccine (mOPV1) exposure (QD3HF); twice-daily dosing (800 mg 
each) after a high-fat meal, starting 72 hours after mOPV1 exposure (BID3HF); once-daily dosing after a high-fat meal, starting 24 hours after mOPV1 exposure (QD1HF); and 
once-daily dosing after a standard meal (fat content, <25 g) starting 72 hours after mOPV1 exposure (QD3STD). Abbreviations: A, subjects in the active (pocapavir)–treatment 
group; IgA, immunoglobulin A; P, subjects in the placebo group; PD, pharmacodynamic; PK, pharmacokinetic. 
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Kaplan-Meier analysis of the combined PD population 
(Figure 3A) and each individual cohort (Supplementary Figure 
S2A) revealed an early separation of the placebo and pocapavir 
curves, followed by a narrowing of the gap toward the end of 
the dosing period.

Similarly, the secondary measure of drug efficacy, the reduc-
tion relative to the placebo group in the amount of infectious 
poliovirus excreted in stool during the 14-day dosing period, 
was significant for only the QD3HF cohort (84.9%; P = .0138; 
Table  3A and Supplementary Figure S3A). Noteworthy, 

excretion of the mOPV1 strain by these IPV recipients was 
quite robust. The mean peak virus titers among the 48 placebo 
recipients ranged from 4.58 to 7.94 log CCID50 per gram of 
stool (mean, 6.25 log CCID50 per gram of stool).

The drug susceptibility of virus in stool samples at baseline (ie, 
after OPV administration and before any treatment) for all sub-
jects in the PD population was determined. Of the 141 subjects 
composing the PD population, 138 harbored virus susceptible 
to pocapavir prior to initiation of drug treatment (mean EC50, 
0.024 µM), consistent with the susceptibility of the input mOPV1 

Table 1.  Baseline Characteristics of Subjects, by Cohort and Treatment Group

Characteristic

QD3HF BID3HF QD1HF QD3STD Overall

Placebo 
(n = 12)

Pocapavir 
(n = 24)

Placebo 
(n = 12)

Pocapavir  
(n = 24)

Placebo 
(n = 12)

Pocapavir 
(n = 24)

Placebo 
(n = 12)

Pocapavir  
(n = 24)

Placebo 
(n = 48)

Pocapavir  
(n = 96)

Race

Asian 0 0 0 0 0 0 2 (17) 0 2 (4) 0

White 12 (100) 24 (100) 12 (100) 24 (100) 12 (100) 24 (100) 10 (83) 24 (100) 46 (96) 96 (100)

Sex

Female 2 (17) 8 (33) 2 (17) 7 (29) 4 (33) 8 (33) 3 (25) 9 (38) 11 (23) 32 (33)

Male 10 (83) 16 (67) 10 (83) 17 (71) 8 (67) 16 (67) 9 (75) 15 (63) 37 (77) 64 (67)

Age, y 24.1 ± 3.85 24.4 ± 3.82 28.3 ± 5.63 27 ± 5.39 23.3 ± 2.05 25.4 ± 2.72 24.5 ± 3.26 24.4 ± 3.98 25.0 ± 4.27 25.3 ± 4.10

Height, cm 180.8 ± 6.51 176.8 ± 9.34 180.4 ± 8.61 179.1 ± 10.39 173.2 ± 8.52 179.1 ± 8.35 176.9 ± 8.66 175.5 ± 9.81 177.8 ± 8.45 177.6 ± 9.47

Weight, kg 76.6 ± 12.13 74.0 ± 13.83 83.2 ± 14.36 76.2 ± 15.10 69.5 ± 6.41 75.0 ± 11.62 74.6 ± 12.03 70.5 ± 11.06 76.0 ± 12.29 73.9 ± 12.90

BMIa 23.4 ± 2.58 23.5 ± 3.06 25.5 ± 3.03 23.5 ± 2.83 23.3 ± 1.55 23.4 ± 2.45 24.0 ± 3.28 22.8 ± 2.30  24.0 ± 2.75 23.3 ± 2.66

Data are no. (%) of subjects or mean value ± SD. Subjects received placebo or 1600 mg of pocapavir (8 capsules) per day according to the following 4 dosing regimens: once-daily dosing 
after consuming a high-fat meal (fat content, 60–75 g), starting 72 hours after monovalent oral poliovirus type 1 vaccine (mOPV1) exposure (QD3HF); twice-daily dosing (800 mg each) after 
a high-fat meal, starting 72 hours after mOPV1 exposure (BID3HF); once-daily dosing after a high-fat meal, starting 24 hours after mOPV1 exposure (QD1HF); and once-daily dosing after a 
standard meal (fat content, <25 g) starting 72 hours after mOPV1 exposure (QD3STD).
aBody mass index (BMI) is calculated as the weight in kilograms divided by the height in meters squared.

Table 2.  Pharmacokinetic Characteristics Among Subjects Who Received Pocapavir, by Cohort and Dosing Day

QD3HF (n = 24) QD1HF (n = 24) QD3STD (n = 24) BID3HF (n = 24)

Characteristic
Day 1 Day 14 Day 1 Day 14 Day 1 Day 14

Day 1 
(Morning)

Day 1 
(Evening)

Day 1 
(Combined)

Day 14 
(Morning)

Day 14 
(Evening)

Day 14 
(Combined)

Cmax

Geometric mean, 
ng/mL

2860 2680 2710 3110 1410 1340 1440 1730 … 1730 1540 …

Coefficient of 
variation, %

47.6 33.8 44.8 45.9 42.4 40.5 46.9 33.1 … 46.6 31.7 …

AUC

Geometric mean, 
ng•h/mL

15400 16700 15500 17700 7850 8170 6000 10300 16500 9000 9430 18600

Coefficient of 
variation, %

47.6 31.8 42.4 28.2 42.3 50.3 39.3 33.7 31.7 39.1 28.5 31.3

Tmax, h, median 4.98 4.97 4.97 4.97 4.96 4.96 4.99 5.99 … 4.98 6 …

Cmin

Geometric mean, 
ng/mLa

75.5 130 85 154 39.1 71.6 191 701 … 337 453 …

Coefficient of 
variation, %

88.2 56 70 32.3 46.7 53.4 98.5 87.3 … 56.5 57.4 …

Subjects received 1600 mg of pocapavir (8 capsules) per day according to the following 4 dosing regimens: once-daily dosing after consuming a high-fat meal (fat content, 60–75 g), start-
ing 72 hours after monovalent oral poliovirus type 1 vaccine (mOPV1) exposure (QD3HF); twice-daily dosing (800 mg each) after a high-fat meal, starting 72 hours after mOPV1 exposure 
(BID3HF); once-daily dosing after a high-fat meal, starting 24 hours after mOPV1 exposure (QD1HF); and once-daily dosing after a standard meal (fat content, <25 g) starting 72 hours after 
mOPV1 exposure (QD3STD).

Abbreviations: AUC, area under the curve (0 − τ); Cmax, peak concentration; Cmin, trough concentration; Tmax, time to maximum concentration.
aMeasured at 24 hours for once-daily cohorts and at 12 hours for the twice-daily cohort (before receipt of the next dose).
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strain (EC50, 0.017  µM) [7]. Surprisingly, however, 3 subjects 
had baseline virus resistant to pocapavir (EC50, >1.0 µM). When 
stool samples from the last virus-positive day were tested for 
drug susceptibility, an unexpectedly high proportion was posi-
tive for resistant virus. Among the 138 subjects excreting initially 
susceptible viruses, 43 (31%) had a stool sample from at least 
1 day that tested positive for resistant virus. Of these, 38 were 
from the pocapavir treatment groups and 5 subjects were from 
placebo groups. The time of first appearance of resistant virus in 
pocapavir recipients ranged from day 2 to day 13 (mean, day 4; 
n = 38), and the time for the 5 placebo subjects ranged from day 
2 to day 10 (mean, day 6). Resistant virus maintained its pres-
ence in subsequent daily stool samples until achievement of end 
point. The duration of resistant-virus excretion ranged from 2 to 
27 days (mean, 13 days) for pocapavir recipients and from 1 to 
12 days (mean, 7 days) for placebo recipients.

The molecular basis for pocapavir resistance was estab-
lished previously from cell culture experiments [12]. Variant 
viruses with reduced susceptibility to pocapavir can be iso-
lated from drug-susceptible virus populations by propagating 
virus in the presence of drug. Resistance is associated with 
one of two single amino acid substitutions: the isoleucine 
residue (I) at position 194 in capsid protein VP1 is replaced 
with phenylalanine or methionine (I194F/M) or the alanine 
at position 24 in VP3 is replaced with valine (A24V). Of the 
46 subjects harboring resistant virus (including 3 with base-
line samples positive for resistant virus), 32 subjects (70%) 
had VP1 (I194F), 10 (22%) had VP3 (A24V), and 2 (4%) 
had both. Two subjects (4%) with resistant virus lacked the 
recognized resistance markers. The distribution of resistant 
virus-harboring subjects across the 8 clinic groups (listed 
in chronological order 1 through 8) was generally uniform 
(Table 4). All clinic groups experienced secondary infections 
with both categories of drug-resistant virus.

Owing to the high incidence of secondary infections and 
virus transmission among study participants, analysis of the 

PD population may substantially underestimate the potential 
response to pocapavir. To investigate the magnitude of this 
effect, we created a susceptible subpopulation, in which subjects 
harboring resistant viruses were excluded (Figure  1). When 
the time to virus negativity was determined for the susceptible 
subpopulation, the pocapavir groups in all cohorts achieved the 
primary end point in significantly shorter times as compared to 
their matched placebo recipients (Table 3B). The time to virus 
negativity among all pocapavir recipients in the susceptible sub-
population was 5.5 days, compared with 13 days among all pla-
cebo recipients in the susceptible subpopulation (P < .0001). For 
the Kaplan-Meier analysis of the susceptible subpopulation, the 
early separation between the placebo and pocapavir curves was 
maintained for all pocapavir recipients and placebo recipients 
(Figure  3B) and for each cohort individually (Supplementary 
Figure S2B).

Similarly, improvement in the secondary measure of drug 
efficacy, the amount of infectious poliovirus excreted in stool 
during the dosing period, was observed, with percentage reduc-
tions in total excreted virus ranging from 44% to 85% for the 
PD population and from 76% to 94% for the susceptible sub-
population (Table 3A and 3B). Dosing initiation either 1 day or 
3 days after OPV challenge revealed little difference in outcome 
(Supplementary Figures S2B and S3B).

Administration of pocapavir to healthy adults was safe 
and well tolerated. Detailed safety data are provided in 
Supplementary Tables S1 and S2. The incidence of adverse 
events was similar across pocapavir groups and was either lower 
or the same as that in the cohort-matched placebo groups. The 
most frequently reported adverse event in subjects receiving 
pocapavir was headache. The majority of adverse events were 
considered of mild intensity and resolved by the end of the 
study. There was 1 adverse event of severe intensity, which was 
judged unrelated to pocapavir and due to influenza.

There were no clinically significant safety laboratory, vital 
sign, or 12-lead ECG findings during the study. Three subjects 

Dosing Period

8 R
R

6 R
Placebo Recipients

 (n=48) 4 R
R

2

Dosing Day 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
RRR

2 RRRRR
RRRRRRRRR

Pocapavir Treatment Recipients 4 RRRRRRRR
(n=93) R R R R R

6 RR
RR

8 RR
R

10 R

12

Figure 2.  Primary efficacy measure. Number of subjects in the pharmacodynamic population achieving the end point (virus negativity), by day after initiation of treatment. 
Abbreviations: R, detection of resistant virus.
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(2 receiving pocapavir and 1 receiving placebo) had alanine 
aminotransferase values >3 times the upper limit of normal 
and aspartate aminotransferase values >2 times the upper 
limit of normal between 7 and 18 days after initiation of dos-
ing. None had increased bilirubin levels during the study, and 
values for all returned to normal before completion of the 
study.

DISCUSSION

The objective of this OPV challenge model study was to assess 
the antipoliovirus activity of pocapavir in healthy, adult IPV 
recipients. Ninety-eight percent of the study participants 
became infected with the mOPV1 strain and shed substan-
tial amounts of virus, indicating that this population of IPV 
recipients was fully susceptible to infection with the mOPV1 
strain. The drug was well tolerated, and plasma levels achieved 

with all dosing regimens were well above those predicted to be 
active. The antipoliovirus effectiveness of pocapavir, as deter-
mined by a reduction in time to cessation of virus shedding in 
the intention-to-treat (ie, PD) population, was significant (10 
vs 13  days; P  =  .0019). However, owing to the unexpectedly 
high rate of resistance, efficacy may be underestimated. Indeed, 
when subjects harboring drug-resistant viruses were excluded 
from analysis, the median time to end point was 5.5  days in 
the pocapavir group and 13 days in the placebo group. In each 
clinic group, resistant viruses representing each of the 2 amino 
acid substitutions associated with drug resistance were iden-
tified. This might suggest that at least 2 drug selection events 
occurred in each group. However, the existence of 3 subjects 
harboring resistant virus prior to dosing, coupled with the 
resistance observed in placebo recipients, suggest that both 
intraclinic and interclinic group transmission were occurring. 

Days

A.  Pharmacodynamic Population B. Susceptible Subpopulationyyyyy ppp pppp ppp ppp

Propor�on of Subjects
Posi�ve for Virus

Pocapavir (n=93); Placebo (n=48)
10 (9–12) vs 13 (11–14) days,

P=.0019

Pocapavir (n=52); Placebo (n=43)
5.5 (5–7) vs 13 (11–14) days,

P<.0001

Figure 3.  Kaplan-Meier plots of time in days from initiation of treatment to negativity for virus excretion for all pocapavir recipients and all placebo recipients in the phar-
macokinetic population (A) and the susceptible subpopulation (B). Shaded days denote the dosing period. Ranges in parentheses denote 95% confidence intervals.

Table 4.  Distribution, by Clinic Group and by Pocapavir Resistance Marker, of Subjects Harboring Pocapavir-Resistant Virus

Variable Subjects Evaluated, No.

Subjects With Resistant Virus

Cohort(s)

No. and Markera

Total, No. (%b)Baseline Placebo Group Pocapavir Group

Clinic group

1 18 0 1, VP1 3, VP1; 2, VP3; 1, unknown 7 (15) QD3HF, BID3HF

2 16 0 1, VP1 2, VP1; 1, VP3 4 (9) QD3HF, BID3HF

3 19 1, VP1 0 3, VP1; 1, VP3 5 (11) QD3HF, BID3HF

4 18 0 1, VP1 2, VP1; 1, VP3; 1, unknown 5 (11) QD3HF, BID3HF

5 17 1, VP1 0 5, VP1; 1, VP3 7 (15) QD1HF

6 18 1, VP1+VP3 0 5, VP1; 2, VP3 8 (17) QD1HF

7 17 0 0 1, VP1; 1, VP3 2 (4) QD3STD

8 18 0 2, VP1 4, VP1; 1, VP3; 1, VP1+VP3 8 (17) QD3STD

Markera Subjects With Marker, No. or No. (%) …

VP1 … 2 5 25 32 (70) …

VP3  … 0 0 10 10 (22)  …

VP1+VP3 … 1 0 1 2 (4) …

Unknown … 0 0 2 2 (4) …

Total … 3 (2) 5 (3) 38 (26) 46 (33) …

Clinic groups (in chronological order 1 through 8) were comprised of approximately 18 cohabitating subjects each. Subjects received placebo or 1600 mg of pocapavir (8 capsules) per day 
according to the following 4 dosing regimens: once-daily dosing after consuming a high-fat meal (fat content, 60–75 g), starting 72 hours after monovalent oral poliovirus type 1 vaccine 
(mOPV1) exposure (QD3HF); twice-daily dosing (800 mg each) after a high-fat meal, starting 72 hours after mOPV1 exposure (BID3HF); once-daily dosing after a high-fat meal, starting 24 
hours after mOPV1 exposure (QD1HF); and once-daily dosing after a standard meal (fat content, <25 g) starting 72 hours after mOPV1 exposure (QD3STD).
aMarkers for pocapavir resistance are as follows: VP1, I194F; and VP3, A24V.
bPercentages were calculated using the number of all subjects with resistant virus as the denominator.
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In fact, this would be anticipated because of the high with-
in-household transmissibility of polioviruses [13] and the com-
plete susceptibility (to resistant virus) of the study population.

The data collected in this study are insufficient to deter-
mine the contribution to resistance due to drug selection or 
virus transmission. However, in the case of another well-stud-
ied enterovirus capsid inhibitor, pleconaril, the frequency of 
drug-selected resistance ranged from 3% to 11% [14]. Regardless 
of their origin, the resistant viruses identified in the clinic bore 
the same single amino acid changes shown to confer resistance 
in the laboratory. These amino acid changes have been shown 
to attenuate virus replicative and pathogenic characteristics in 
mice and virion stability in the environment [12,15].

There currently are no treatments available that address the 
threat posed by iVDPVs, either to the infected individual’s risk of 
paralytic or fatal disease or to the community as a continuing source 
of poliovirus transmission. Intravenous immunoglobulin is often 
used in the management of B-cell–immunodeficient patients and, 
for those infected with poliovirus, may provide a temporary dimi-
nution in virus shedding in some cases [16]. Additionally, poliovi-
rus-specific monoclonal antibodies show promise [17]. However, 
we know of no controlled clinical studies with immunoglobulin or 
antibodies for the treatment of poliovirus infections. Clearly, the 
parameters of this study differ substantially from those anticipated 
for the primary target patient population: the healthy, immuno-
competent adult recipients of IPV in this study, who were seques-
tered for 2 weeks in a high-density household environment after 
receipt of a high dose of challenge virus on day 0, are distinct from 
nonimmune iVDPV-infected patients who are persistently excret-
ing poliovirus due to a primary immunodeficiency and receiving 
individual care. With poliovirus eradication on the horizon, there 
is an urgency to evaluate pocapavir in iVDPV-infected individu-
als to assess drug resistance in this population and, if an issue, to 
explore multiple drug combination therapy to manage resistance 
[18,19].

Supplementary Data
Supplementary materials are available at The Journal of Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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