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Overview and Background of the 2014 
WHO Guidelines
While the use of vaccines for the treatment of noninfectious 
disease is being recognized, the current guidelines on nonclinical 
safety assessment of vaccines mainly focus on vaccines designed 
for prevention of infectious diseases. Guidelines on nonclinical 
safety assessment of preventive vaccines for infectious disease 
were first published by the EMA [1], followed by the WHO [2] and 
then FDA [3] (only for reproductive and developmental toxicity 
studies). In Japan, the Ministry of Health, Labour and Welfare 
(MHLW) created the guidelines on the nonclinical evaluation 
of vaccines for infectious disease (hereafter, the Japanese 
Guidelines) [4, 5], along with the issuance of clinical guidelines. 

Comparing the present vaccination scenario with that 
approximately a decade ago when these guidelines were initially 
issued, a major difference is the use of vaccine adjuvants. 
Adjuvants increase the effectiveness of vaccines by potentiating 
the immune response, and their use in vaccines has significantly 
increased. In recent years, in addition to traditional aluminum-
containing adjuvants, diverse types of adjuvants such as toll-
like receptor (TLR) agonist, oil-in-water emulsions, nanocarriers 
(particulate, liposomes, polymeric etc.) [6] and others [7] have 
become available (hereafter, novel adjuvants). For instance, the 
number of vaccines approved in Japan from 1985 to 2005 was 
eight, and two of them (25%) contained adjuvants, and both of 
them were aluminum-based. In contrast, that number from 2006 
to 2015 was twenty-five, and twelve of them (48%) contained 
adjuvants, where four (33%) of them were novel adjuvants. 
Although the EMA has issued guidelines specific to adjuvants 
in vaccines [8], concerns were raised that it did not completely 
addressed the current situation. In Japan, interests have 
been raised for establishing the specific position of adjuvants, 
because they are still regarded as additives in its regulations [9]. 
Under these situations, the WHO guidelines on the nonclinical 
evaluation of vaccine adjuvants and adjuvanted vaccines were 
established on November 21, 2014 (hereafter, the 2014 WHO 
Guidelines) [10].

One unique feature of the WHO guidelines is that ‘the authors’ 
are listed at the end of a document, also with every drafting step. 
For example, the number of the representative participants of 
the WHO consultation held in headquarter of WHO in Geneva, 
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with the aim of finalizing the WHO guidelines on nonclinical 
evaluation of vaccines published in 2005 (hereafter, the 2005 
WHO Guidelines) [2] is 12 (regulatory body), 9 (academia) and 
7 (industry) from 17 countries, whereas that of the 2014 WHO 
Guidelines is 18, 5 and 15 from 23 countries, respectively. This 
indicates that a wider range of contributions was made to create 
the 2014 WHO Guidelines, especially from industry side (25% in 
2005 vs. 39% in 2014).

 The 2014 WHO Guidelines are based on a careful consideration 
of the other abovementioned guidelines [1, 4, 8]. Furthermore, 
when compared with the 2005 WHO Guidelines [2], the following 
sections were newly added in the 2014 WHO Guidelines: 
“Rationale for the use of the adjuvant”, “Toxicity studies of 
adjuvant alone”, “Autoimmune disease induced by adjuvants” and 
“Considerations for the first-in-human clinical trials”. With respect 
to the topic of “Autoimmune disease induced by adjuvants,” 
discussions by the International Life Science Institute/Health and 
Environmental Sciences Institute (ILSI/HESI) on the adjuvants and 
autoimmune project, which occurred almost concurrently with 
the establishment activities on the 2014 WHO Guidelines, were 
particularly important (see below). The provisions of the 2014 
WHO Guidelines regarding nonclinical evaluation of adjuvants 
and vaccines consider the 3Rs (replacement, reduction, and 
refinement) principle for animal research. The points of issues 
raised during the establishment of the 2014 WHO Guidelines, 
particularly differences compared to the 2005 WHO Guidelines, 
will be discussed below (Table 1). This article reflects the results 
of the research group for the Japan Agency for Medical Research 
and Development (AMED)-sponsored research on international 
harmonization of regulations for quality, efficacy, and safety of 
pharmaceutical products (Akiyoshi Nishikawa, Director, Biological 
Safety Research Center, National Institute of Health Sciences) and 
our working subgroup for the development of nonclinical vaccine 
evaluation guidelines (hereafter, AMED-Nonclinical Vaccine 
Evaluation Group).

The Points of Issues Raised During 
the Establishment of the 2014 WHO 
Guidelines
Scope of the guidelines 
The scope of the Guidelines is described such that it covers 
adjuvanted vaccines for both prophylactic and therapeutic uses 
against infectious diseases. This definition does not differ from 
the 2005 WHO Guidelines and consistent with the Japanese 
Guidelines. It is assumed that adjuvanted vaccines for the 
therapeutic use against infectious diseases are referring to the 
treatment against viruses causing hepatitis B, varicella-zoster, 
and rabies.

However, the 2014 WHO Guidelines added the description 

that some of the outlined principles may be applicable to the 
adjuvanted therapeutic vaccines for non-infectious diseases as 
well (e.g., cancer). In other words, the scope of the 2014 WHO 
Guidelines has slightly expanded in comparison to the previous 
version [2]. Given this widened scope, the AMED-Nonclinical 
Vaccine Evaluation Group assumes that the “local reactogenicity 
evaluation” in the 2014 WHO Guidelines can be applied to 
therapeutic vaccines for noninfectious diseases. On the other 
hand, the group expresses the opinion that “selection of animal 
species” and “toxicity studies of adjuvant alone” would not 
be applicable as is for therapeutic vaccines for non-infectious 
diseases. That says, in therapeutic vaccines for non-infectious 
diseases, it is not feasible to replicate immune responses in 
animals due to the strong dependence on HLA. Thus, the required 
non-clinical safety studies are characterized as those detecting 
off-target toxicity rather than on-target toxicity [11].

Dosing frequency in repeated-dose toxicity 
studies of adjuvanted vaccines
In comparing previous guidelines [1, 4, 8] for the number of doses 
in repeated-dose toxicity studies, there have been two divergent 
guidelines: (1) a concept that a dosing frequency equal to the 
number of doses proposed in clinical usage is acceptable and 
should “be over” the proposed frequency and (2) a concept that 
dosing frequency equal to the number of doses proposed for 
clinical usage is not acceptable and should exceed the number 
of doses proposed for clinical usage by at least one dose (so-
called “N+1 rule”; N=number of doses proposed in clinical usage). 
Up to now, as opposed to concept (1) adapted from the 2005 
WHO Guidelines [2], the Japanese Guidelines [4] has adopted 
concept (2) in which dosing frequency should exceed the planned 
number for the clinical trial. In comparison, the EMA Guidelines 

[1] have adopted concept (1), while the FDA Guidelines [3] have 
no guidance on the matter of dosing frequency. However, both 
regulatory bodies have declared the support for concept (2) in 
the published paper [5]. The basis for support for “N+1 rule” 
in concept (2) is that toxicity studies must investigate toxicity 
profiles under stricter conditions than expected in a clinical 
setting. Furthermore, as a dosing frequency may be increased 
during the vaccine development phase and post-approval, the 
repeated-dose toxicity studies should include the additional dose 
to prepare for the anticipated increase in dosing frequency.

The 2014 WHO Guidelines took into consideration opinions 
from the above regulatory agencies and incorporate concept (2) 
to concept (1) in the guidelines. That says like, “The number of 
doses in repeated-dose toxicity studies should equal or exceed 
that for humans. However, the studies are often designed to 
include one dose more than planned for the clinical trial to allow 
for the possible inclusion of an additional dose in the clinicals” 
[10].
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Dosing period for adjuvanted vaccines in 
reproductive and developmental toxicity studies
In contrast to the typical three-study design (Fertility, Pre/
postnatal, Embryo/fetal Study) that is adequate for reproductive 
and developmental toxicity (DART) studies of low molecular 
medicines, the combined dosing period of Fertility and Pre/
postnatal studies is often used for the DART studies involving 
vaccines. The basis for this approach is that in contrast to low 
molecular compounds, regardless the addition of adjuvants, 
vaccines as a cause of DART is not generally a major concern. 
Even FDA Guidelines, which have the most detailed requirements 
for vaccine DART studies, are based on this single study design 

[3].

A divergence of the 2014 WHO Guidelines from the previous 
guidelines was the dosing period for the single study design. 
Specifically, the requirement of dosing prior to mating was 
revised. In the 2005 WHO Guidelines, it was stated as pre-
mating treatment is most likely required [2]; this requirement 
was also included in the FDA Guidelines [3]. However, the 2014 
WHO Guidelines revised the content to in the view of the effect 
of adjuvant on early pregnancy parameters, rather than dosing 
prior to mating, it is recommended to dose animals on day 1 of 
pregnancy (confirmation date of copulation: day 0 of gestation). 
With respect to the basis for the above change, the primary 
factor may be seen in the explanation as; some adjuvants may 
have concern about an adjuvant-induced systemic inflammatory 
response (e.g., fever) that could adversely affect early pregnancy. 
That is, with respect to reproductive and developmental toxicity 
associated with adjuvanted vaccines, the prevailing two theories 
for cause of toxicity are (1) antibody induced by active ingredients 
of vaccine (vaccine-induced antibody) and (2) adjuvant that is 
added to vaccine. Based on the abovementioned description, 
currently, it is conjectured that toxicity associated with (2) 
adjuvant is tending to be more focused rather than (1) vaccine-
induced antibody. 

Toxicity studies of novel adjuvant alone
An important consideration in the evaluation of a novel adjuvant 
for vaccines is how to assess the adjuvant toxicity. The 2005 WHO 
Guidelines stipulated such that if no toxicological data is present 
for a new adjuvant, toxicity study of the adjuvant alone should 
be performed primarily. However, in the 2014 WHO Guidelines, it 
has been modified to state as although evaluation of the adjuvant 
alone can be significant for novel adjuvants, a study arm receiving 

adjuvant alone may also be included in the toxicity studies of 
vaccine formula. With respect to the safety of new adjuvants, 
this should be associated with the growing consensus of the 
importance of understanding the potential toxicity of adjuvants 
just as a part of the toxicities of new vaccine formulations, as well 
as the 3Rs principle.

Next, for evaluating the toxicity of a new adjuvant, we need 
to consider the number of animal species to be used for 
general toxicity and DART studies. On this matter, the 2005 
WHO Guidelines [2] and the EMA guidelines for adjuvants [8] 
recommended one rodent species and one non-rodent animal 
species, i.e., a total of two animal species, which are the same as 
those for toxicity studies of low molecular medicine. In contrast, 
the 2014 WHO Guidelines did not emphasize this requirement; 
however, based on the abovementioned explanation as “a study 
arm receiving adjuvant alone may also be included in the toxicity 
studies of vaccine formula” and “the use of an relevant animal 
species, i.e., an animal species that is responsive to the vaccine is 
recommended for the toxicity evaluation of adjuvanted vaccine” 

[10], it can be interpreted that using single species is basically 
acceptable even for a toxicity assessment of a new adjuvant alone. 
This requirement for number of animal species is considered 
virtually equivalent to the case with vaccine formulation. These 
differences in toxicity assessment of a new adjuvant alone are one 
of the most significant changes from the 2005 WHO Guidelines. 

Autoimmune disease induced by adjuvant
The practical action of adjuvants to enhance the immune 
response to antigen is presumed to result in a safety concern 
that autoimmune disease may be triggered. For example, “Gulf 
War Syndrome” developed in the US troops was reported to 
be associated with the administration of adjuvant for anthrax 
vaccination [12]. On the matter of adjuvant safety, the ILSI/
HESI discussed “Adjuvant and autoimmune disease” (workshop 
was held under same title in Amsterdam, the Netherlands on 
October 18–19, 2014) along with the work on the establishment 
of the 2014 WHO Guidelines. The outcome of the ILSI/HESI 
workshop was reflected in the 2014 WHO Guidelines. A study 
reported that when an adjuvant, pristane, an impurity found in 
natural oil extracted from shark liver, was single administered 
to mice, it was found to activate production of autoantibodies 
found in human systemic lupus erythematous patients [13]. The 
autoantibody production is considered to be dependent on the 
Type I-IFN and TLR 7. Furthermore, when the vaccine adjuvant, 
squalene, an unsaponifiable unsaturated hydrocarbon found in 

Items in the guidelines 2005 WHO Guidelines 2014 WHO Guidelines

1 scope of the guidelines (no indication about the applicability to 
noninfectious diseases)

principles may be applicable to therapeutic vaccines 
against noninfectious diseases (e.g., cancer)

2 dosing freq in repeat-dose tox number of doses should be equal to or more 
than that in humans ‘N+1 rule’ is suggested

3 dosing period in DART pretreatment is frequently required dose on day 1 of pregnancy is preferable to pre 
treatment

4 tox study of novel adjuvant alone required (w/ 2 animal species) can be included in tox study of vaccine formula
(w/ 1 animal species)

5 autoimmune disease by adjuvant (no indication) no clear recommendation

Table 1 Differences in specific issues between the 2005- and 2014 WHO Guidelines.
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shark liver oil, or incomplete Freund’s adjuvant was administered 
to mice, autoantibody production was enhanced; this suggested 
that this model is useful in understanding the development 
of autoimmune diseases probably occurring in humans after 
exposure to adjuvants [13]. However, the ILSI/HESI workshop 
concluded that based on significant differences in adjuvant 
composition, dosage level, administration route, and other 
factors from the vaccination applied in humans, extrapolation of 
the results from these models to humans should be conducted 
cautiously at present [14].

Based on the preceding discussion, the following explanations 
were added to the 2014 WHO Guidelines: no compelling clinical 
evidence are found that adjuvants could lead to the induction 
of autoimmune disease, and established animal models for this 
matter do not currently exist. Therefore, the guidelines reached 
the conclusion that no recommendations can be made at present 
regarding specific nonclinical studies, and that these are complex 
and multifactorial conditions; further research is required to 
identify additional biomarkers [10].

Conclusion
In recent years, vaccine antigens have been combined with novel 

adjuvants to enhance the immune response induced by the 
vaccine antigen. The nonclinical safety assessment of adjuvants 
and/or adjuvanted vaccines would be challenged by the species 
specific actions of adjuvants together with their particular 
physicochemical characteristics apart from the vaccine active 
ingredients. The release of the 2014 WHO Guidelines was timely 
in light of this situation. The primary differences between the 
2005 and the 2014 WHO Guidelines are represented by ‘dosing 
frequency in repeated-dose toxicity studies of adjuvanted 
vaccines’, ‘dosing period for adjuvanted vaccines in reproductive 
and developmental toxicity studies’ and ‘toxicity studies of new 
adjuvant alone’, etc. These indications are expected to adhere to 
unsolved problems raised in the paper [5] especially with regard 
to the use of novel adjuvants. The recommendations newly 
introduced into the 2014 WHO Guidelines are also expected to 
have minimized differences in the regulation of nonclinical safety 
issues of preventive vaccines among three ICH regions [5].
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