Pre-exposure intradermal rabies vaccination: a non-
inferiority trial in healthy adults on shortening the
vaccination schedule from 28 to 7 days
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Brief summary:

In healthy adults, intradermal (ID) administration of a double dose of 0.1 ml of human diploid
cell culture rabies vaccine over two visits (day 0 and day 7) was safe and not inferior to the
single-dose three-visit ID schedule.
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ABSTRACT
BACKGROUND

The existing four-week pre-exposure rabies vaccination schedule is costly and often not
practicable. Shorter effective schedules would result in wider acceptance.

METHODS

We conducted a non-inferiority trial in 500 healthy adults comparing the safety and
immunogenicity of a two-visit (day 0 and day 7) intradermal (ID) primary vaccination (two
doses of 0.1 ml ID of the human diploid cell culture rabies vaccine (HDCV) at day 0 and 7)
versus a standard three-visit schedule (single dose of 0.1 mL ID at day 0, 7, and 28).

One to three years after primary vaccination, a single booster dose of 0.1 mL ID of HDCV
was given to evaluate the anamnestic rabies antibody response. The primary endpoint for
immunogenicity was the percentage of subjects with an adequate antibody level >0.5 IU/mL
seven days after the booster injection. The safety endpoint was the proportion of participants
developing adverse reactions following the primary vaccination and/or booster dose.

RESULTS

All subjects in both study groups possessed a rabies antibody titer >0.5 IU/mL on day 7
following the booster dose.

Following the booster dose, subjects exposed to the double-dose two-visit ID schedule had a
geometric mean titer of 37 IlU/ml versus 25 |U/ml for the single-dose three-visit schedule
(p<0.001).

Local reactions at the injection site following primary vaccination were mild and transient.

CONCLUSION

In healthy adults, ID administration of a double dose of 0.1 ml of HDCV over two-visits (day 0
and day 7) was safe and not inferior to the single-dose three-visit schedule.

Keywords: Rabies pre-exposure; prophylaxis; Intradermal; Accelerated - Shortened
schedule; Rabies vaccination
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INTRODUCTION

Rabies is a neglected tropical disease with a case-fatality rate of nearly 100% (1). The global
annual death toll is approximately 61,000 cases, with greater prevalence in Asia and Africa,
where 40% of all animal bite exposures occur in children (2-3).

Pre-exposure prophylaxis (PrEP) using rabies vaccine is an important cornerstone in rabies
prevention. Since the previous four-week PrEP schedule was often not practicable, effective
and safe, double-dose two-visit intradermal (ID) and single-dose two-visit intramuscular (IM)
schedules have recently been recommended as a first-line regimen by the World Health
Organization (WHO), with the primary aim of wider acceptance and use both in international
travelers and in subjects at risk in endemic countries, especially in children (3-5).

ID administration of 0.1 mL of rabies vaccine (0.11D) has proven to be as immunogenic as
the 1.0 mL IM dose (1IM) vaccination (3-13), offering substantial cost savings when vaccine
recipients can be clustered (14). In addition, ID injections induce a more rapid immune
response compared to IM injections via stimulating cutaneous dendritic cells and their
draining lymph nodes (15-17). Studies have demonstrated that a single-dose three-visit ID
schedule can induce long-lasting immunogenicity, and result in rapid anamnestic responses
following a booster dose many years later (18-23).

Initial priming, defined as PrEP, sometimes occurring long before exposure to effective
rabies risk, substantially simplifies the post-exposure prophylaxis (PEP) procedures required
in case of an animal bite (no need for immunoglobulin administration, and only two vaccine
injections are needed instead of five) (3). Other important advantages of the PrEP priming
strategy include higher and more rapid anamnestic responses, and a higher affinity to
specific antibodies against rabies virus following a PEP booster vaccination (6,15, 24).

PreP with rabies vaccine is recommended under the new WHO guideline for individuals at
high risk for exposure to rabies due to their occupation, travel, and/or residence in an
endemic setting with limited access to timely, adequate PEP (3). Particularly for travelers
(including expatriates), rabies PrEP is often not planned in a timely manner prior to
departure. Moreover, the high cost of rabies PrEP results in the non-inclusion in standard
vaccination schemas, thereby resulting in low vaccination rates, and in particular for children
at risk in low-income countries (LIC) (3-5).

This non-commercial non-inferiority trial aimed to compare immunogenicity 7 days after a
single ID booster injection following two different priming schedules one to three years
earlier: a double-dose two-visit (day 0 and 7) rabies ID vaccination schedule versus a single-
dose three-visit schedule (day 0, 7 and 28). The booster injection used in this trial aimed to
mimic a true PEP situation by evaluating the anamnestic response.

METHODS
STUDY DESIGN

This is a single center, randomized, open-label, non-inferiority clinical trial, comparing the
booster response following two different primary vaccination schedules (PrEP):
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- Control group: 3x 0.1ID schedule (3ID); single-dose three-visits; 1 intradermal injection (a
dose of 0.1 mL (0.11D)) on days 0, 7, and day 28.

- Intervention group: 2x 2x0.1ID schedule (2ID); double-dose two-visit; 2 intradermal
injections (of 0.1 mL in 2 separate injection sites (2x 0.1ID)) on day 0, and 2 injections (in
separate sites (2x 0.11D)) on day 7.

STUDY ENDPOINTS

The primary objective of this study was to demonstrate non-inferiority of the two-visit (2I1D)
schedule compared to the three-visit (3ID) schedule as assessed by the proportion of
participants with adequate rabies antibody titers, measured by rapid fluorescent focus
inhibition test (RFFIT), above 0.5 IU/mL 7 days following a booster vaccine injection (0.1 mL
of human diploid cell culture vaccine (HDCV) administered 1 to 3 years after primary
vaccination). Clinical non-inferiority was defined as a loss of no more than 10% of subjects
that have adequate rabies antibody levels compared to the 3ID schedule. Notably, subjects
showing an antibody titer >0.5 IU/mL at day 7 post-booster injection are considered to be
“lifelong boostable”, meaning that additional injections would induce an adequate antibody
response (3).

Secondary endpoints were (1) the respective percentage of subjects with RFFIT levels above
10.0 IU/mL (corresponding to long-lasting immunity), (2) the geometric mean titer (GMT) of
rabies antibody and (3) the fold increases compared to baseline values 7 days after a
booster injection.

Another secondary objective was to assess the percentage of subjects with rabies antibody
levels above 0.5 IU/mL, the GMT, and the fold increases compared for both study groups on
day 35 after the start of primary vaccination.

In order to evaluate safety objectives, possible serious local and systemic adverse events
were assessed after primary and booster vaccination.

STUDY SITE AND SUBJECTS

Study participants were recruited from the Belgian Armed Forces. Inclusion criteria were age
between 18 - 47 years, being in preparation for overseas deployment, and willingness to
provide informed consent. Subjects who had previously received rabies vaccines or had
positive serology, and pregnant or breast-feeding women were excluded. No other
vaccinations were given simultaneously with the rabies vaccination. Moreover, subjects with
known or suspected immunodeficiency, chronic disease, mefloquine prophylaxis, known
allergy to one of the vaccine components, or with overseas deployment within 35 days were
also excluded.

A total of 500 participants were recruited and randomized using block randomization to one
of the two ID PrEP schedules. Participation in this study was entirely voluntary and free of
any type of coercion or undue influence by superiors.

ETHICS AND REGISTRATION
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The trial was conducted in compliance with the Helsinki Declaration and with the good
clinical practice guidelines (25) and was registered as EudraCT 2011-001612-62 and in
clinicaltrials.gov NCT01388985.

VACCINATION PROCEDURE

The HDCV rabies Mérieux® 1 ml vaccine for rabies (Sanofi), registered in Belgium, was
used. The vaccine was stored between +2 and +8°C as recommended by the manufacturer.
The following lots were used: E0042, E0374, E0777, G1510, J1248, H1341, and L1204.

Preparation of the injection solution of 0.1 mL (from an ampoule of 1.0 mL) was performed
using a separate Gauche 29 fixed needle for insulin injection for each participant. The
vaccine was injected intradermally on the forearm. The ID papule was measured, and had to
be at least 4 mm.

An ID booster dose of 0.1 mL for both groups was planned at least 1 year later, though no
later than 3 years following the primary vaccination (day 365 - 1095).

IMMUNOGENICITY

Antibody titers were measured by RFFIT on day O (the day of the primary vaccination), on
day 35 after the start of the primary vaccination, on the day of the booster vaccine injection
and 7 days later.

SAFETY

Adverse events (AE’s) and serious adverse events (SAE’s) were recorded until 7 and 28
days respectively following the completion of the primary vaccination and booster
vaccination.

STUDY INFORMATION

This clinical trial was sponsored by the Institute of Tropical Medicine, Antwerp (ITM). The
recruitment began in October 2011, and the study was completed in January 2016.

STATISTICAL ANALYSIS

For the immunogenicity component, statistical analysis involved per-protocol (PP) analysis,
excluding participants who were seropositive on day 0, who did not fully comply with the
protocol. The Intention-to-Treat analysis (ITT) evaluated additional cases mostly in those
where serology results were obtained outside of time window (see Table 1). For the safety
analysis, all subjects who had received at least one dose were included.

Baseline characteristics were summarized in terms of medians and interquartile ranges and
categorical characteristics were described as frequency counts and percentages. Serology
measurements are presented as percentages of subjects above different cut-off levels, and
GMT are presented with 95% confidence intervals. The comparison of antibody levels
between the two groups was assessed by GMT ratios and their respective p-values.

Two-sided 95% Wilson confidence intervals for the difference (Diff) in proportions between
the two groups were used to assess immunogenicity outcomes. Non-inferiority of the 2ID
schedule was inferred if the 95% confidence interval of the difference was entirely above the
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- 10% non-inferiority margin. Segmented mixed models were used to explain the changes in
serology over time. Differences in safety results between the two groups were assessed
using Fisher’s exact test.

RESULTS

Subject accounting and characteristics

Among the 911 screened subjects, a total of 500 subjects were included and randomized
(55%) (Table 1). Moreover, among the 240 and 242 subjects completing the primary
vaccination schedules in the 3ID and 2ID schedules, 200 (83%) and 211 (87%) received the
booster injection, respectively. Of these, 185 (77%) and 183 (75%) subjects were included in
the PP analyses for immunogenicity on the 3ID and 2ID schedule, respectively (Table 1).
Baseline characteristics of the 498 randomized subjects who received at least one rabies
vaccination dose are described in Table 2. Both groups were similar in all demographic
aspects.

Adequate RFFIT >0.5 IU/ml at day 7 after a single booster

Evaluating the ITT analysis, the booster dose was provided to 59% of 211 study participants
versus 54% of 200 subjects in the first year following primary vaccination, in 35% versus
38% in the second year and in 6% versus 8% in the third year, for the 2ID and 3ID
schedules, respectively.

In the PP analysis (Table 3), all subjects (100%) in both groups displayed RFFIT >0.5 IU/mL
on day 7 following a single 0.1ID booster dose. The difference of the two groups ranged
between -2 and 2 percent.

RFEFIT >10 IU/ml at day 7 after a single booster

Regarding antibody titer >10 IU/mL following a single 0.1ID booster dose, the proportion of
participants reaching this level in the 2ID schedule was higher than in the 3ID schedule (96%
versus 83% with a difference of 13% (95% CI 7 — 19)). However, ITT analysis results and
additional batch analysis for the different lots were similar (not shown).

Other seroloqgy results

Furthermore, subjects in the 2ID group exhibited a GMT (95% CI) of 37 IU/mL (33 - 42)
following the booster vaccination offered one to three years later, compared to a GMT of 25
IU/mL (22 - 29) for the 3ID group (p<0.001) (Figure 1, Table 4). In addition, GMT values
(95% CI) on the day of booster injection in the 2ID schedule were higher (3.4 IU/mL, 2.9 -
3.9) compared to these of the 3ID schedule (2.0 IU/mL, 1.7 - 2.4) (p<0.001).

Changes in serology over time are presented in Figure 2. The 2ID schedule exhibited a
higher slope following the booster dose (46.4; 39.1 - 53.6) compared to the 3ID schedule
(35.7; 26.1 - 45.3).

In the descriptive statistics (results not shown), an overall trend was observed in GMT levels
being significantly higher following primary vaccination for the 3ID schedule and higher
following the booster dose for the 2ID schedule. Furthermore, male gender (p<.0001), age
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between 20 and 30 years (p= 0.0021) and between 30 and 40 years (p= 0.0023), and a
higher pre-booster GMT (p<.0001) were associated with improved post-booster results in
favor of the 2ID schedule. Moreover, post-booster GMT levels were also higher in favor of
the 2ID schedule when analyzed by booster dose timing, though these were only significant
when the interval between PrEP and PEP was greater than 25 months (p= 0.0002).

Day 35 results after primary vaccination

All subjects in the PP analysis set attained RFFIT results >0.5 IU/mL 35 days after starting
primary vaccination. Additionally, more subjects exhibited rabies antibody titers >10 IU/mL in
the 3ID group (82%) compared to the 2ID group (70%) (Diff (95% CI): -12%, -19 — 4.3).
Furthermore, ITT and additional batch analysis results for the different lots were similar (not
shown).

Safety
A summary of safety data throughout the entire study period is presented in Table 5. Notably,

one serious AE (reversible diplopia and hemianopsia) occurred during the primary
vaccination session 14 days after receiving the final rabies vaccine injection (3ID schedule)
and some days after receiving a measles-rubella-mumps vaccine in another medical center,
in violation to the protocol. Also, two serious AEs (one case of oesophagitis and another with
dyspnea, angioedema and urticaria) occurred following a booster dose (2ID schedule).

Local irritation at the injection site (mild and transient) following primary vaccination tended to
occur more frequently in the 3ID compared to the 2ID schedule (51.8% vs 43.4%, p=0.07). In
contrast local irritation was more often observed following the booster dose in the 21D group
(38.8% vs 48.8%, p=0.03). The number of subjects with systemic discomfort related to
injections was very low and did not differ significantly between the two groups (3ID versus
21D) following primary vaccination (14.5% vs 11.6%, p=0.42) or booster injection (5.4% vs
5.8%, p=1).

DISCUSSION

In this trial, non-inferiority was met for the primary immunogenicity endpoint, with a 100%
observed adequate antibody response (>0.5 IU/mL) observed 7 days after booster dose
injection of 0.1 mL ID administered 1 to 3 years following primary vaccination. Furthermore,
analysis of secondary endpoints highlighted the superiority of the 2ID schedule, both in the
proportion of participants with long lasting protection > 10 IU/mL (96% versus 83%) and for
the obtained GMT (37 versus 25) following booster injection. In addition, a double-dose two-
visit 0.1 mL ID PrEP with HDCYV in adult subjects was shown to be, as safe as the single-
dose three-visit schedule.

All subjects in the PP and ITT analysis sets (100%) attained RFFIT results of >0.5 IU/mL at
day 35 following primary vaccination. Notably, the clinical trial was designed to evaluate
results following a booster dose between the two groups (and not following primary
vaccination results). Therefore, the timelines for serology testing after final injection in the
two primary vaccination schedules were different in the 3ID schedule (+7 days after last
vaccination) compared to the 2ID schedule (+28 days after last vaccination), which explains
significant differences in the proportion of successful vaccinations, serology outcomes, GMTs
and side effects for both groups. The higher titers and more frequent side effects following
primary vaccination observed in with the 3ID schedule were likely attributable to the longer
period of primary vaccination in this group.

This non-commercial clinical trial has several strengths including the randomized controlled
design, high statistical power (at least 85%), good follow-up rates (>80%), substantial
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experience in performing appropriate intradermal injections and conducting vaccine trials,
and blinding of laboratory study staff, as well as the use of the golden standard for serology
in a laboratory with proficiency in testing. Study limitations include most participants being
healthy young adult males, and the follow-up after booster injection not exceeding the three-
year-interval. Moreover, different batches of HDCV vaccine were used in this trial over four
years. Also, for budgetary reasons, the standard single-dose 11M 3-visit schedule was not
included in the comparison.

Notably, no consensus exists on how high GMT levels must be following primary and booster
vaccination. We aim to underline the need for uniform definitions due to the fact that usage of
different rabies vaccines may lead to different antibody responses, making comparisons
between schedules, vaccines, routes of administration and diagnostic techniques very
challenging. In the present study, GMT results 7 days after booster injection were much
higher compared to other trials using priming two-visit vaccine ID schedules (total vaccine
dose of 0.2ID or 0.41D) (26-29), and were similar with two-visit IM schemes (total vaccine
dose of 2IM) (29-31).

In addition, “boostability” following a single booster dose is characterized by a rapid increase
in anamnestic antibodies due to an earlier priming. The moment to evaluate an adequate
booster response - in contrast with many other trials - was defined by our protocol as 7 days
instead of 14 days after the booster dose (24,32). After a bite, the time-to-adequate
“boostability” is crucial following booster vaccination, due to the fact that the incubation time
of rabies is at least 5 to 7 days.

Data from the present study substantiates the safety and the immunogenicity of the 2ID
regimen for rabies immunization in adult healthy travelers. However, whether this could be a
cost-effective alternative to IM vaccination in at risk populations in endemic regions warrants
further investigation. Indeed, 2ID schedules with fewer visits would make treatment simpler
and less expensive (compared to routinely used IM). Notably, the results of this 2ID PrEP
schedule in healthy soldiers were discussed with members of the Strategic Group of Experts
on immunization (SAGE), which recommended this schedule as a new first-line PrEP
schedule both in international travelers and in subjects at risk in endemic countries (3).

Currently available licensed rabies vaccines, designed and manufactured for IM use, could
be safely used via the ID route (3). The WHO now endorses a double-dose 0.11D to be
equivalent compared to the single 1IM dose (3). Many countries hesitate to use the ID route
due to lack of regulatory authorization, even when stockpile problems exist (3). Recent
evidence has confirmed that ID use (with PCECV), when compared to IM for PrEP and PEP,
was safe and produced adequate antibody responses (10). Similar reluctance for ID use has
been observed for influenza and yellow fever vaccination, although ID vaccination exhibited
adequate efficacy, and even exhibited superiority to IM vaccination in some indications (33-
35). The Belgian Health Authority adopted both new WHO first-line PrEP regimens from May
1* 2018 (36), and many other countries will hopefully follow. This hesitancy against
shortening the PrEP schedule to two visits or using the ID technique is, in our opinion, not
justified. In contrast with all other vaccine preventable diseases, and considering the concept
of prime and boost in rabies prevention, subjects will always require additional rabies post-
exposure injections following exposure to rabies risk to stimulate the adaptive ‘trained’
immunity (37).
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CONCLUSION

Rabies represents an unremitting and neglected global challenge. As such, new shortened
ID schedules aim to be cost-, dose- and time-sparing, while maintaining safety and
effectiveness (3, 38).

Safe and effective PrEP for travelers or people living in endemic rabies regions may be
achieved with a double-dose two-visit 0.11D regimen, with 100% adequate antibody response
following a booster injection of 0.11D 1 to 3 years after primary vaccination.

Whether this schedule is safe and effective in children in LIC still needs to be explored.

Shortened PrEP ID schedules, using simpler low-dose vaccine regimens, can be considered
an illustration that less can be more (6, 8, 11, 24, 38-43).

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018



Author contributions

AA and PS conceived the research project, PS, PA and AA researched, designed and
executed the trial, HVL organized and coordinated data management, AT analyzed the data
and PS, EB, YVH, AT, HVL, RR, AA, and PVD wrote the paper. BB and SVG were
responsible for laboratory analyses.

Conflicts

PvD reports grants from Vaccine manufacturers, grants from Bill & Melinda Gates
Foundation, outside the submitted work. All other authors have no conflicts.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018



REFERENCES

1. Hemachudha T, Ugolini G, Wacharapluesadee S, Sungkarat W, Shuangshoti S,
Laothamatas J. Human rabies: neuropathogenesis, diagnosis, and management. Lancet
Neurol, 2013: 12: 498-513.

2. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, Barrat J, Blanton JD,
Briggs DJ, Cleaveland S, Costa P, Freuling CM, Hiby E, Knopf L, Leanes F, Meslin FX,
Metlin A, Miranda ME, Miller T, Nel LH, Recuenco S, Rupprecht CE, Schumacher C, Taylor
L, Vigilato MA, Zinsstag J, Dushoff J. Estimating the global burden of endemic canine rabies.
PloS Negl Trop Dis, 2015: 11: 9(5): e0003786.

3. WHO Expert Consultation on Rabies: third report: WHO Technical Report Series N°1012.
Apr 2018. http://apps.who.int/iris/bitstream/handle/10665/272364/9789241210218-
eng.pdf?ua=1. Accessed 19 Apr 2018.

4. Dodet B, Durrheim D, Rees H. Rabies: Underused vaccines, unnecessary deaths.
Vaccine, 2014: 32: 2017-9.

5. Permpalung N, Wongrakpanich S, Korpaisarn S, Tanratana P, Angsanakul J Trend of
human rabies prophylaxis in developing countries: toward optimal rabies immunization.
Vaccine, 2013; 31(38): 4079-83.

6. Khawplod P, Wilde H, Benjavongkulchai M, Sriaroon C, Chomchey P. Immunogenicity
study of abbreviated rabies preexposure vaccination schedules. J Travel Med, 2007; 14:
173-6.

7. Warrel MJ. Current rabies vaccines and prophylaxis schedules: preventing rabies before
and after exposure. Travel Med Infect Dis, 2012; 10: 1-15.

8. Wieten RW, Leenstra T, van Thiel PPA, van Vugt M, Stijnis C, Goorhuis A, Grobusch MP.
Rabies Vaccinations: are abbreviated intradermal schedules the future? Clin Infect Dis, 2013;
56(3): 414-9.

9. Soentjens P, Aerssens A, Van Gucht S, Ravinetto R, Van Gompel A. ‘Low-cost
intradermal rabies vaccination is indeed very promising.” Clin Infect Dis, 2013; 56(10): 1509-
10.

10. Recuenco S, Warnock E, Osinubi MOV, Rupprecht CE. A single center, open label study
of intradermal administration of an inactivated purified chick embryo cell culture rabies virus
vaccine in adults. Vaccine, 2017; 35(34): 4315-4320.

11. Khawplod P, Jaijaroensup W, Sawangvaree A, Prakongsri S, Wilde H. One clinic visit for
pre-exposure rabies vaccination (a preliminary one year study). Vaccine, 2012; 30: 2918-20.

12. Mills D, Lau C, Fearnley E, Weinstein P. The immunogenicity of a modified intradermal
pre-exposure rabies vaccination schedule - A case series of 420 travellers. J Travel Med,
2012; 18: 327-32.

13. Lau CL, Hohl N. Immunogenicity of a modified intradermal pre-exposure rabies
vaccination schedule using a purified chick embryo cell vaccine: an observational study.
Travel Med Infect Dis, 2013; 11(6): 427-30.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018



14. Bharti O, Van Damme W, Decoster K, Isaakidis P, Appelmans A, Ramachandran V and
Phull A. Breaking the Barriers to Access a Low Cost Intra-Dermal Rabies Vaccine through
Innovative “Pooling Strategy”. World Journal of Vaccines. 2012:2: 121-124.
http://dx.doi.org/10.4236/wjv.2012.23016. Accessed 28 Feb 2018.

15. . Tantawichien T, Benjavongkulchai M, Limsuwan K, Khawplod P, Kaewchompoo W,
Chomchey P, Sitprija V. Antibody response after a four-site intradermal booster vaccination
with cell-culture rabies vaccine. Clin Infect Dis, 1999; 28(5): 1100-3.

16. Vankerckhoven V, Van Damme P. Clinical studies assessing immunogenicity and safety
of intradermally administered influenza vaccines. Expert Opin Drug Deliv, 2010: 7(9): 1109-
25.

17. Tozuka M, Oka T, Jounai N, Egawa G, Ishii KJ, Kabashima K, Takeshita F. Efficient
antigen delivery to the draining lymph nodes is a key component in the immunogenic
pathway of the intradermal vaccine. J Dermatol Sci, 2016; 82(1): 38-45.

18. Ruprecht C, Plotkin S. Rabies vaccines. In: Plotkin S, Orenstein W, Offit P, eds.
Vaccines, 6th edition. Saunders Elsevier, 2013: 646-662.

19. Shantavasinkul P, Tantawichien T, Jaijaroensup W, Lertjarutorn S, Banjongkasaena A,
Wilde H, Sitprija V. A 4-site, single-visit intradermal postexposure prophylaxis regimen for
previously vaccinated patients: experiences with >5000 patients. Clin Infect Dis, 2010; 51(9):
1070-2.

20. Suwansrinon K, Wilde H, Benjavongkulchai M, Banjongkasaena U, Lertjarutorn S,
Boonchang S, Suttisri R, Khowplod P, Daviratanasilpa S, Sitprija V. Survival of neutralizing
antibody in previously rabies vaccinated subjects: a prospective study showing long lasting
immunity. Vaccine. 2006; 24: 3878-3880.

21. Brown D, Featherstone JJ, Fooks AR, Gettner S, Llyod E, Schweiger M. Intradermal pre-
exposure rabies vaccine elicits long lasting immunity. Vaccine, 2008; 26: 3909-3912.

22. Naraporn N,Khawplod P, Limsuwan K, Thipkong P, Herzog C, Glueck R, Tantawichien T,
Wilde H.. Immune response to rabies booster vaccination in subjects who had postexposure
treatment more than 5 years previously. J Trav Med, 1999; 6: 134-136.

23. Strady A, Lang J, Lienard M, Blondeau C, Jaussaud R, Plotkin SA. . Antibody
persistence following preexposure regimens of cell-culture rabies vaccines: 10-year follow-up
and proposal for a new booster policy. J Infec Dis, 1998;177: 1290-1295.

24. Jonker EFF, Visser LG. Single visit rabies pre-exposure priming induces a robust
anamnestic antibody response after simulated post-exposure vaccination: results of a dose-
finding study. J Travel Med, 2017; 24(5): 1-8.

25. Declaration of Helsinki version 2013: World Medical Association, Inc. All Rights
Reserved. All intellectual property rights in the Declaration of Helsinki are vested in the World
Medical Association. https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-
principles-for-medical-research-involving-human-subjects/ Accessed 28 Feb 2018.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018


http://dx.doi.org/10.4236/wjv.2012.23016
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/

26. Kamoltham T, Thinyounyong W, Khawplod P, Phraisuwan P, Phongchamnaphai P,
Anders G, Malerczyk C. Immunogenicity of Simulated PCECV Postexposure Booster Doses
1, 3, and 5 Years after 2-Dose and 3-Dose Primary Rabies Vaccination in Schoolchildren.
Adv Prev Med, 2011: 403201.

27. Pengsaa K, Limkittikul K, Sabchareon A, Ariyasriwatana C, Chanthavanich P, Attanath P,
Malerczyk C. A three-year clinical study on immunogenicity, safety, and booster response of
purified chick embryo cell rabies vaccine administered intramuscularly or intradermally to 12-
to 18-month-old Thai children, concomitantly with Japanese encephalitis vaccine. Pediatr
Infect Dis J, 2009: 28: 335-7.

28. Wongsaroj P, Udomchaisakul P, Tepsumethanon S, Khawplod P, Tantawichien T.
Rabies neutralizing antibody after 2 intradermal doses on days 0 and 21 for pre-exposure
prophylaxis. Vaccine, 2013; 31(13): 1748-51.

29. Langedijk AC, de Pijper CA, Spijker R, Holman R, Grobusch MP, Stijnis C. Rabies
Antibody Response after Booster Immunization: A Systematic Review and Meta-Analysis.
Clin Infect Dis. 2018 May 17.

30. Vien NC, Feroldi E, Lang J. Long-term anti-rabies antibody persistence following
intramuscular or low-dose intradermal vaccination of young Vietnamese children. Trans R
Soc Trop Med Hyg, 2008: 102(3): 294-6.

31. Strady C, Andreoletti L, Baumard S, Servettaz A, Jaussaud R, Strady A. Immunogenicity
and booster efficacy of pre-exposure rabies vaccination. Trans R Soc Trop Med Hyg, 2009;
103(11): 1159-64.

32. Keach S, McSorley S. Integrated dynamics of innate and adaptive immunity. In: Murphy
K, Weaver C. Janeway’s Immunobiology, 9" edn. New York and London: Garland Science,
2016, p.475.

33. Ahuka-Mundeke S, Casey RM, Harris JB, Dixon MG, Nsele PM, Kizito GM, Umutesi G,
Laven J, Paluku G, Gueye AS, Hyde TB, Sheria GKM, Muyembe-Tanfum JJ, Staples JE.
Immunogenicity of Fractional-Dose Vaccine during a Yellow Fever Outbreak - Preliminary
Report. N Engl J Med, 2018. doi: 10.1056/NEJM0a1710430

34. Belshe RB, Newman FK, Cannon J, Duane C, Treanor J, Van Hoecke C, Howe BJ,
Dubin G. Serum antibody responses after intradermal vaccination against influenza. N Engl J
Med, 2004; 351: 2286-94.

35. Kenney RT, Frech SA, Muenz LR, Villar CP, Glenn GM. Dose sparing with intradermal
injection of influenza vaccine. N Engl J Med, 2004; 351: 2295-301.

36. Summary of Belgian Consensus meeting, Scientific Study Group on Travel Medicine,
Brussels, 25th January 2018: page 3-4.
https://www.itg.be/Files/docs/Reisgeneeskunde/summaryconsensus2018.pdf. Accessed 19
Apr 2018.

37. Blok BA, Arts RJ, van Crevel R, Benn CS, Netea MG. Trained innate immunity as
underlying mechanism for the long-term, nonspecific effects of vaccines. J Leukoc Biol,
2015; 98(3): 347-56.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018


https://www.itg.be/Files/docs/Reisgeneeskunde/summaryconsensus2018.pdf

38. Kessels JA, Recuenco S, Navarro-Vela AM, Deray R, Vigilato M, Ertl H, Durrheim D,
Rees H, Nel LH, Abela-Ridder B, Briggs D. Pre-exposure rabies prophylaxis: a systematic
review. Bull World Health Organ, 2017; 95(3): 210-219.

39. La Montagne JR, Fauci AS. Intradermal influenza vaccination--can less be more? N Engl|
J Med, 2004, 351: 2330-2.

40. Turner GS, Aoki FY, Nicholson KG, Tyrrell DA, Hill LE. Human diploid cell strain rabies
vaccine. Rapid prophylactic immunization of volunteers with small doses. Lancet, 1976; 1:
1379-81.

41. Bernard KW, Roberts MA, Sunner J et al. Human diploid cell rabies vaccine.
Effectiveness of immunization with small intradermal or subcutaneous doses. JAMA, 1982;
247: 1138-42.

42. Warrel MJ, Warrel DA, Suntharasamai P et al. An economical regimen of human diploid
cell strain anti-rabies vaccine for post-exposure prophylaxis. Lancet, 1983; 2: 301-4.

43. Tauber MG, Putzi R, Fuchs P et al. High rate of insufficient antibody titers after single-
day immunization with human diploid-cell-strain vaccine against rabies. Klin Wochenschr,
1986; 64: 518-21.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018



Figure Legends:

Figure 1: Serology results (IU/mL; GMT and 95% CI) before and 7 days after booster
vaccination (PP-analysis by dotplot).

GMT: geometric mean titers; PP: Per-Protocol; 3ID: single-dose three-visit over 28 days; 2ID:
double-dose two-visit over 7 days; ClI: confidence interval.

Figure 2: Segmented mixed-models of respective serology slopes (PP-analysis).

GMT: geometric mean titers; PP: Per-Protocol; 3ID: single-dose three-visit over 28 days
(blue lines); 2ID: double-dose two-visit over 7 days (red lines). DO: serology check at day O of
start primary vaccination; D35: serology check at day 35 after start of primary vaccination;
BO: serology check before booster dose; B7: serology check 7 days after booster dose. 3ID
model predictions on population (tick blue line) and on individual base (thin blue line). 21D
model predictions on population (tick red line) and on individual base (thin red line).

The changes in serology over time in the two groups were evaluated using segmented
mixed-models with random intercept and random slopes fitted separately in the subsets of
each vaccination schedule. Time and indicator variables before and after booster were used
as fixed effects.
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Table 1: Study participants accounting for intention-to-treat (ITT) and per-protocol (PP)
analysis on day 7 after booster dose injection

N 410

Screening failures 410

- Not interested - unwilling 294 (71.5%)

- Unable to respect timelines 60 (15%)

- Exclusion criteria (chronic disease, immunodeficiency, 56 (13.5%)
pregnancy, breastfeeding, on mefloquine,...)

N 250 250

- Randomized but withdrawal before start procedures 1 1

N 249 249
Excluded from ITT analysis d35 9 (3.6 %) 7 (2.8 %)
- Lost to follow-up 5 4

- Patient unavailable (deployed in mission; left military 1 1
services)

- Sample unavailable/Inadequate 3 2

N 240 242
Excluded from ITT analysis d365-1095 40 (16.7 %) 31 (12.8 %)
- Lost to follow-up 25 26

- Death 0 1

- Sample unavailable/Inadequate 15 3

- Other 0 1
Included in ITT analysis: 200 (83.3 %) | 211 (87.2 %)
Excluded from PP analysis: 15 28

- Above age limit 1 3

- Sample unavailable/Inadequate 0 2

- Baseline rabies serology > 0.5 IU/mL 3 1

- Serology result obtained outside of time window 11 22
Included in PP analysis 185 (77 %) 183 (75,5 %)

ITT: Intention-to-Treat; PP: Per-Protocol; 3ID: single-dose three-visit over 28 days; 2ID: double-dose two-visit over 7 days.
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Table 2: Baseline Characteristics of all study participants

N
Age (yr): median (IQR)
Age cateqgory:
<20
21-30
31-40
41-50
Gender: male (%)
female (%)
Serology category at baseline
< 0.5 (lU/mL)
> 0.5 (IU/mL)

31D
schedule
249
29 (24 - 35)

11 (4.4)
138 (55.4)
71 (28.5)
29 (11.7)
237 (95.2)

12 (4.8)

245 (98.4)
4 (1.6)

21D
schedule
249
28 (23 - 34)

17 (6.8)
136 (54.6)
60 (24.1)
36 (14.5)
241 (96.8)
8 (3.2)

248 (99.6)
1 (0.4)

yr: year; IQR: interquartile range; 3ID: single-dose three-visit over 28 days; 2ID: double-dose two-visit over 7 days.

Downl oaded from https://acadeni c. oup. coni ci d/ advance-articl e-abstract/doi/10.1093/ci d/ ci y513/ 5043520
by Instituut Voor Tropische Geneeskunde, Bibliotheek user

on 06 July 2018



Table 3: Seroprotection Rates (PP) - day 7 after booster vaccination

PP Analysis: N
Number of Subjects with serology
> 0.5 IlU/mL

Number of Subjects with serology
> 10 IU/mL

3ID schedule: 2ID schedule: % Difference
n/N (%, 95% CI)  n/N (%, 95% CI) (2ID - 3ID)
(95% ClI)
185 183
185/185 183/183 0(-21-2)
(100%; 98 - 100)  (100%; 98 - 100)
154/185 176/183 13 (7 - 19)

(83%: 78 - 89) (96%: 93 - 99)

PP: Per-Protocol; 3ID: single-dose three-visit over 28 days; 2ID: double-dose two-visit over 7 days ; Cl: confidence interval.

Two-sided 95% Wilson confidence intervals for the difference (Diff) in proportions between the two groups (21D - 3ID).
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Table 4. Geometric Mean Titers (GMT) (PP) - before and after booster vaccination (Per

Protocol)

Overall:
Pre-booster
serology (IU/mL)
Post-booster
serology (IU/mL)

3ID schedule 21D schedule Geometrical p-value

(GMT; 95% CI) (GMT; 95% CI) mean ratio

2.0 (1.7-2.4) 3.4 (2.9-3.9) 0.60 (0.48-0.75) <.0001
25 (22-29) 37 (33-42) 0.68 (0.57-0.81) <.0001

GMT: geometric mean titers; PP: Per-Protocol; 3ID: single-dose three-visit over 28-days; 2ID: double-dose two-visit over 7 days;

ClI: confidence interval.
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Table 5: Safety Analyses for the Primary Vaccination Period for the whole study

period.

Number of subjects (%; 95% CI) 3ID schedule 21D schedule P-
with: (N=249) (N=249) value
- any adverse event 190 (76.3;70.6 - 81.2) | 190 (76.3;70.6 - 81.2) 1

- any possibly, probably or 173 (69.5;63.5-74.9) | 171 (68.7;62.7 -74.1) 0.92
definitely vaccine-related adverse

event

- any serious adverse event 11 (0.4; 0.07 - 2.24) 2* (0.8;0.22 - 2.88) 1

- local irritation of injection site 164 (65.9;59.8 - 71.5) | 165 (66.3;60.2 - 71.9) 1
(redness, swelling, rash, itching)

- Systemic reactiont related to 46 (18.5;14.1 - 23.8) 43 (17.3;13.1-22.5) 0.82

injections

3ID: single-dose three-visit over 28 days; 2ID: double-dose two-visit over 7 days; 1 Diplopia and Hemianopia, * Oesophagitis,

dyspnea, angioedema and urticaria.
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Figure 1

Serology results before and after booster vaccination (PP-analysis)
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Figure 2

Serology slopes (PP population)
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