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Chapter 1

abies is one of the neglected tropical viral diseases prioritized by

World Health Organization (WHO) and it is the infectious disease

with the highest case-fatality rate (1). The human death toll is

highest in Asia and Africa, with invariably fatal encephalitis in an
estimated 60.000 people yearly (1-3) (Figure 1.1). The WHO Rabies model-
ling consortium predicts that more than 1 million deaths will occur in the
67 rabies endemic countries considered from 2020 to 2035, under status
quo (4).

Dogs are responsible for up to 99% of human rabies cases, although
other carnivores and bats can also transmit the disease (1, 2). Rural popula-
tions and children are disproportionately affected (5).

In Belgium, rabies only occurs in bats and - exceptionally - in (illegally)
imported mammals. Since 1922, only imported cases have been detected
in humans (6). Since July 2001, Belgium has been officially declared free
from classical rabies in terrestrial animals (7).

The viruses causing rabies are lyssaviruses that are classified in three
phylogroups containing in total 12 different species, of which the rabies
virus species (phylogroup |) is the most prominent in dog-related human
disease (6). Most other virus species has been isolated from bats. Rabies
is spread through the bite or scratch of an infected animal. The incuba-
tion period can range between 1 to 12 weeks, but also to several years
(1, 8). The virus infects almost exclusively the nerves of the host and then
travels to the brain, where it causes classic furious or paralytic rabies and
kills the host, usually owing to respiratory insufficiency (9). The genome
of the lyssaviruses consists of a single-stranded, non-segmented, negative
RNA molecule (1). The glycoproteine or G protein, a transmembrane pro-

Rabies

Figure 1.1. Endemicity of dog mediated human rabies, 2018 (source WHO).

Endemicity of dog and human rabies, 2016

Endemic dog and human rabies



Introduction: Rabies virus and fatal disease in humans

tein and the only surface protein on the virus, plays a major role in rabies
pathogenesis and for the induction of virus-neutralizing and protective an-
tibodies (2).

The ‘One Health’ approach in endemic countries

In 2015, the WHO called for action by setting a global elimination target
of zero human deaths due to dog-mediated rabies by 2030: “Zero by 30”.
In response to the goal 2030, WHO and partners (Food and Agriculture
Organization (FAO), Global Alliance for Rabies Control (GARC), World Orga-
nization for Animal Health (OIE), World Veterinary Association (WVA) and
World Medical Association (WMA)) have formed the United Against Rabies
collaboration to provide global leadership to catalyse and empower coun-
tries to prevent human rabies deaths (5).

Areas of priority actions in Asia and Africa are: improving the labora-
tory-based surveillance, the pathogen detection and characterization; the
access to human rabies prophylaxis; to veterinary vaccines; the implemen-
tation of canine vaccination; and the oral vaccination of free-ranging com-
munity dogs (10). Investment in the following areas will assure success of
the plan: increased awareness at all levels of society; dog vaccination cam-
paigns and population management and provision of human biologicals
for post- and pre-exposure prophylaxis (5). The Global Strategic Plan to End
Human Deaths from Dog-Mediated Rabies by 2030 aims to ensure equita-
ble access to rabies post-exposure prophylaxis (PEP) vaccines by 2030, but
will probably not meet its targets (3). The Global Alliance for Vaccines and
Immunization (GAVI) plan puts a focus on immunizing children who are not
currently receiving adequate vaccine coverage (4). Almost half of under-
vaccinated children live in just 16 countries, where lack of access, conflict,
and displacement are important barriers to vaccination (4). However, none
of the objectives of GAVI can be achieved without adequate funding (4).

Post-exposure prophylaxis in travellers

Travel to many endemic countries is associated with a very low risk of
rabies (< 1/1.000.000) (11). Only 60 cases of human rabies in international
travellers were reported over a period of 22 years (12). In contrast, the need
to start prompt post-exposure prophylaxis for an animal injury in trave-
llers is very high (> 1/1000 and < 1/100) (11).

Incidentally, within the last three years 6 fatal cases were reported in
Europeans after travel to Sri Lanka, Morocco (two cases), The Philippines,
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Cambodia and Tanzania respectively, of which four were related to expo-
sure to dogs and two to cats (13, news reports). The last travellers case
received timely PEP without HRIG overseas in November 2019 without ef-
fect.

The World Health Organization (WHO) strictly recommends to
immediately (within days) initiate rabies postexposure prophylaxis (PEP)
with or without human rabies immunoglobulins (HRIG), after an individual
risk assessment (Table 1.1, available preventive tools) (1, 2, 14). HRIG
administration serves to neutralize the virus locally, prevent its spread and
spanthe period of the 7to 10 days necessary to develop adequate antibodies
response after rabies vaccination (1). Notably, HRIG are expensive and their
availability is low in endemic countries, frequently resulting in stressful
situations following an animal-related injury abroad. Even when HRIG are
available, a lack of medical awareness of their importance in post-exposure
prophylaxis means that its use is often not considered (8).

100%
} 10%=1/10
Influenza Belderok 2013, Ratnam 2013 1% =1/100

Animal bite — rabies risk Gautret 2012 - = = == = - o o oo oo oo~

Latent TB infection Brown 2016 - - = - == === ===~ ——— = ___ = 0.1% = 1/1,000

Typhoid (South Asia) Greenoway (CATMAT) 2014

Hepatitis A Nielsen 2012, Sane 2015, Dahl 2017 o —

Tick borne encephalitis (rural Baltics) Steffen 2016 0.01% = 1/10,000

Hepatitis B Sonder 2009, Nielsen 2012, Johnson 2013, Dahl 2017

Measles or Pertussis Dah/ 2017

Typhoid (Africa, South America) Greenaway (CATMAT) 2014
Active TB (PCV) Brown 2016 ~ =----=-=-=--=-=--1------

L 0.001% = 1/100,000

Typhoid (Caribbean, Central America) Greenaway (CATMAT) 2014

Japanese encephalitis (Lindquist 2018, Pavli 2015) 0.0001% = 1/million

Rabies, fatal (Carrera 2013)

Meningococcal Disease, Cholera, Diphteria; Yellow fever in non-immune, exposed?? ——<1/10 million

Figure 1.2. Vaccine preventable disease travel health risks: estimated incidence per month
in lower income countries among no-immunes (12).
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Human rabies immunoglobulins (HRIG) are only needed in non-
rabies-vaccinated individuals and mainly indicated for category Il lesions
encountered by an at-risk animal (e.g. dog, monkey, cat, fox) in an endemic
region (e.g. Asia or Africa) (1, 2). Category Il lesions are defined as single
or multiple transdermal bites or scratches of animals, licks on broken skin,
or contamination of mucous membrane with saliva from licks. Of note, a
category lll exposure also corresponds to any direct contact with bats (with
or without a skin lesion) (1, 2). Passive immunization with (HRIG) (20 IU/kg
of Berirab® vials of 2.0 mL or 5.0 mL) is in general performed by injection
in and around the wound and the remaining volume in the adjacent limb
(1-2). In addition, HRIG should be administered as soon as possible and
preferably within 2 days after a potential rabies risk, and not anymore 7
days after the start of rabies vaccination (1).

Additional active immunization with five injections of 1.0 mL rabies
vaccine are administered at day 0, 3, 7, 14 and 28 (5YIM PEP schedule:
1 intramuscular injection (IM) during five different visits)(51IM) (1). In
Belgium, antibody titers by rapid fluorescent focus inhibition test (RFFIT)
should be always measured in a subject receiving PEP with HRIG, preferably
10 days after the last vaccine dose (usually at day 38 post-initial injection).
The test is offered for free by the national reference laboratory (14). A
correlate of protection is defined as a titer of the neutralizing antibody
test (RFFIT) of > 0.5 IU/mL 14 to 28 days following the last rabies vaccine
injection (1, 2, 14). However in Belgium, an adequate antibody response is
stricter with a titer of > 5.0 IlU/mL in case of bat-related exposure and > 3.0
IU/mL in case of exposure to other animals (14).

Pre-exposure prophylaxis in travellers

Pre-exposure prophylaxis (PrEP) using rabies vaccine is key in rabies pre-
vention and is not often administered. Since 1985 different robust and safe
inactivated rabies vaccines are on the market: such as the purified chick
embryo cell vaccine (PCECV), human diploid cell vaccine (HDCV) and puri-
fied vero cell vaccine (PVRV) (15).

Initial priming with vaccines, 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 2 vaccine injections
(21IM) are needed instead of 5 (51IM)) (1,2). Other important advantages

15
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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 (16-18).

PrEP with rabies vaccine is recommended under the new WHO guide-
line for individuals at high risk for exposure to rabies due to their occupa-
tion, travel, and/or residence in an endemic setting with limited access to
timely, adequate PEP (2). Particularly for travellers (including expatriates),
rabies PrEP is often not planned in a timely manner prior to departure.
Moreover, rabies PrEP schedules are not included in standard child vac-
cination schemas in high endemic setting (4).

In the literature, pre-exposure intradermal (1D) vaccination for rabies has
proven to be as effective for pre-exposure prophylaxis as intramuscular (IM)
vaccination (13, 19-21). These schedules consisted of injections on day 0, 7,
28 and 365 (4-visit) (till 2012) and on day 0, 7 and 28 (3-visit) (till 2018) with
a dose of 0.1 mL and 1.0 mL by ID and IM route respectively. Intradermal
administration of these vaccines offers an equally safe alternative, yet
requires less vaccine antigen content. Intradermal administration of low-

Table 1.1. Overview of available prevention tools against rabies in Belgium.

Available tools in prevention

Rabies awareness
Avoidance of risk

Rabies PreP before risk
Rabis vaccines: PCECV (purified chick embryo cell vaccine - HDCV (human diploid cell vaccine) - PVRV (purified Vero cell vaccine)

Washing with water and soap 15’
Desinfection

Rabies PEP following PrEP

Rabies PEP without PrEP
RFFIT testing > 3.0 IU/mL

Classical PrEP IM regimen (3 visits) 3m 3x10mL 21m 2x1.0mL 5.0mL
with PEP IM (2 visits) yawa /5'@ f f

PEP IM: schedule without HRIG 32115 4x1.0mL 40mL
(3 visits - 4 injections) /é}%» i ﬂ?

(category Il lesion)

Standard PEP IM 51M 5x1.0mL 5.0mL
(5 visits) with HRIG (category Il lesion) ﬁ? /&» /ﬁ? f f :

2to8

+ mL
HRIG +RFFIT

RFFIT Rabies Fluorescent Focus Inhibition Test # Intradermal injection /5? Intramuscular injection } Rabies immunoglobulines

Risk category Il is defined as superficial lesions from scratches or grazes, without bleeding and category Ill as a single
or multiple bites or scratches that penetrate the dermis.
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dose vaccines indeed enhances immunogenicity by rapid trafficking of
antigen to antigen presenting cells (APC) in the papillary dermis. Activated
APC drain to lymph nodes where subsequent T-cell and B-cell activation
and initiation of an adaptive immune response occurs (22, 23). Moreover
periodic PrEP booster injections (every 5 years), although mentioned in the
package insert, are not recommended anymore since 2002 by the WHO
(1, 2).

Primary pre-exposure vaccination with rabies vaccine will enhance the
innate and naive immune response after antigen challenge which results in
low levels of antigen-specific IgG levels after one week (21).

The primed and thus the “trained” immune system can secondly evoke
very enhanced responses to additional booster PEP doses after re-chal-
lenge with PEP booster doses (24-26). Such responses are provoked by the
stimulation history during primary vaccination (= priming) with the forma-
tion of rabies antigen specific memory B cells and T follicular helper cells
(24). After re-challenge, high levels rabies-specific IgG antibodies are pro-
duced within a few days by rapid plasma cell differentiation and secondary
germinal centre responses (24, 25).

Intradermal PrEP regimens, although exceptionally used, have been suc-
cessfully introduced for pre-exposure prophylaxis in countries such as Thai-
land, Canada, Australia and the Netherlands. Nevertheless, with a schedule
of 3 injections in 28 days, time is often lacking to give vaccination before
travel: a 2-visit schedule over 7 days or a 1-visit schedule is less time con-
suming and improves compliance and were evaluated in some observa-
tional studies over the years (16, 18, 27-31).

A recent systematic review of the anamnestic responses following
booster PEP doses (boostability) after previous IM and ID rabies PrEP vac-
cination sessions (3-visit and 2-visit), highlighted a 100% vaccinal efficacy
(neutralizing antibodies (NAb) > 0.5 IU/mL) following booster PEP doses
(32). We can conclude that various combinations of PrEP and PEP regimens
are highly immunogenic. In addition, the accelerated IM and ID PrEP regi-
mens (2-visit) showed very promising geometric mean titer (GMT) levels
following booster PEP doses (59.87 IU/mL versus 17.64 IU/mL respectively)
(32). However, the methodology of the studies was very different (in popu-
lations (very young children in some groups), in vaccine brand, in injected
total vaccine volumes (between 0.75 - 3 mL and 0.3 - 0.4 mL for the IM
group and ID group respectively), in neutralizing antibody testing and in
timing for serology testing after booster doses). This makes some compari-

17
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sons difficult. In addition, the 4 included studies that evaluated boostability
following a 2-visit IM or ID PrEP regimen were published over a large time
span, between 1993 and 2009 (33-37).

The travel market of last minute holidays and trips to remote areas has
expanded enormously. Until now, most travellers in Belgian Travel clinics
are still vaccinated via the intramuscular route. Frequently, there is not
enough time before departure or practical problems arise to complete the
classical PrEP schedule of 28 days; thus an effective and shorter schedule
would be very practical with the primary aim of wider acceptance and use
in international travellers, especially in children.

For all these reasons, shortened, simple, acceptable, immunogenic and
economical ID regimens which are compliant with the WHO requirements
on vaccination, would be preferable over the classical vaccination schedule
of 28 days.
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Research objectives

In this thesis we focus on intradermal vaccination schedules in healthy
Belgian soldiers. We want to evaluate shortened low-dose intradermal ra-
bies vaccine schedules by decreasing the amount of visits and dosages for
PrEP.

Also we want to study if single-visit booster PEP vaccinations (single
shot, double shot or four shots) gives good amnestic responses in an ini-
tially primed cohort.

We defined different research questions and objectives:

To assess the use of human rabies immunoglobulins in a single centre in Antwerp,
Belgium (Chapter 2).

To evaluate retrospectively the coverage of rabies PrEP in expatriate children in a single
centre in Antwerp, Belgium (Chapter 2).

To evaluate retrospectively the immune responses following different ID PrEP regimens
and their flexibility after a booster dose in a single centre in Brussels, Belgium
(Chapter 3).

Is an accelerated two-dose two-visit 7-day intradermal PrEP regimen (22ID) non-inferior
to the classical one-dose three-visit 28-day regimen (31ID) in producing a post-booster
protective antibody response (Chapter 4)?

Is a two-dose single-visit intradermal PEP (1%2ID) comparable to a four-dose single-visit
intradermal PEP regimen (14ID) after a two-dose single-visit PrEP regimen (12ID) in
producing a post-booster protective antibody response (Chapter 5)?

To describe the implementation of new guidelines for PrEP and PEP in Belgium
(Chapter 6).

19
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