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ABSTRACT 
Haemophilus influenzae type b (Hib) is a Gram-negative bacterium causing diseases such as meningitis, pneumonia, 
epiglottis, cellulitis, septicemia and arthritis, among others. Hib-caused meningitis / Hib meningitis is a very seri-
ous disease with a death rate of more than 50 % throughout the world; therefore obtaining a vaccine against this 
bacterium is a goal of the highest priority. The present report presents the results of preclinical safety testing of the 
Quimi-Hib® vaccine (synthetic Hib antigen conjugated to tetanus toxoid) adjuvanted with aluminum phosphate. The 
battery of toxicological tests included acute toxicity (15 days), local tolerance (15 days) and repeated-dose toxicity 
(30 days), all of them evaluating the therapeutic dose of the vaccine as part of the studied experimental treatments. 
Three vaccine dose levels and a placebo (excipients plus adjuvant) were examined, administering the vaccine in-
tramuscularly to Sprague Dawley rats of both sexes. After examining the data obtained from the administration of 
this wide range of doses to Sprague Dawley rats, it was concluded that the synthetic conjugate vaccine Quimi-Hib® 
adjuvanted in aluminum phosphate is not toxic and does not cause systemic adverse effects. No macroscopic altera-
tions were observed in the studied organs, and the evaluation of the inoculation site only detected indurations caused 
by macrophage granulomas, resulting from the mechanism of action of the adjuvant included in the formulation. 
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RESUMEN
Seguridad preclínica de la vacuna Quimi-Hib® adyuvada con fosfato de aluminio durante el desarrollo 
del producto. Haemophilus influenzae tipo b (Hib) es una bacteria gramnegativa causante de enfermedades como 
meningitis, neumonía, epiglotitis, celulitis, septicemia, artritis, entre otras, en los seres humanos. La meningitis 
causada por Hib es muy grave, con una tasa de muertes de más del 50 % en varias partes del mundo. Por tales 
razones, la obtención de una vacuna contra esta afección es una prioridad. El objetivo de este estudio fue evaluar 
la seguridad preclínica de la vacuna Quimi-Hib® (antígeno sintético de Hib conjugado con toxoide tetánico), en una 
formulación adyuvada con fosfato de aluminio, durante la etapa de desarrollo del producto. Los ensayos toxicológi-
cos incluyeron estudios de toxicidad aguda (15 días), de tolerancia local (30 días) y de toxicidad a dosis repetidas 
(15 días), que incluyeron la dosis terapéutica de la vacuna. Se exploraron tres niveles de dosis de la vacuna y un 
placebo (excipientes más adyuvante), que se administraron por vía intramuscular a ratas Sprague Dawley de ambos 
sexos. Según nuestros resultados en el espectro de dosis explorado en las ratas, se concluyó que la vacuna conjugada 
Quimi-Hib® adyuvada en fosfato de aluminio no es tóxica, ni provoca efectos sistémicos adversos en esa especie. 
No se detectaron alteraciones macroscópicas en los órganos estudiados, y al evaluar el sitio de administración, 
solo se observaron induraciones causadas por granulomas macrofágicos, resultantes del mecanismo de acción del 
adyuvante incluido en la formulación. 

Palabras clave: vacunas, vacuna sintética, Haemophilus influenzae tipo b, seguridad, toxicidad

Introduction
Haemophilus infl uenzae (Hib) is a pleomorphic, aero-
bic Gram-negative coccobacillus discovered in 1892 
by Richard Pfeiffer during a fl u pandemic, which col-
onizes the mucosae of the upper respiratory tract of 
three-month-old children. Most Hib isolates are non-
capsulated, although some strains produce a polysac-
charide capsule. This bacterium is a causative agent 
for meningitis, pneumonia, epiglottitis, cellulitis, 
septicemia, arthritis, osteomyelitis, pericarditis, cho-
langitis, endocarditis and sinusitis [1]. Hib meningitis 
is a very dangerous disease that exhibits a mortality 

rate of over 50 % in several parts of the world and 
leaves severe neurological sequelae on 50 % of the 
survivors [2]. 

Infants and toddlers are particularly vulnerable to 
Hib infections, as in utero-acquired antibody wanes 
after 3 months of age. In the absence of vaccination, 
natural immunity against the bacterium appears only 
by the fi fth to sixth year of life [3, 4]. 

There are at least four commercially available safe 
and effective conjugate vaccines against H. infl uenzae 
type b approved for clinical use in several countries, 
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prepared by chemically conjugating polyribosylribitol 
phosphate (PRP, corresponding to the capsular poly-
saccharide of H. infl uenzae type b) to a protein of bac-
terial origin. None of them, however, contains entirely 
synthetic antigens or are manufactured in Cuba. A col-
laborative effort undertaken in 1989 by the Synthetic 
Antigens Laboratory of the Faculty of Chemistry of 
the University of Havana together with the Finlay 
Institute and the Center for Genetic Engineering and 
Biotechnology (both from Havana, Cuba) resulted in 
the development of Quimi-Hib®, a conjugate vac-
cine containing 10 μg of a chemically synthesized 
fragment of PRP covalently linked to 20 or 30 μg of 
tetanus toxoid. As reference for protection in immu-
nized children, anti-PRP titers of 1 μg/mL are used, 
but 0.15 μg/mL supposes an inverse correlation with 
disease incidence in non-vaccinated individuals [5]. 
An anti-Hib antibody titer of 1 μg/mL at three weeks 
post-immunization is predicted to provide protection 
for at least one year [6, 7]. The vaccine is designed to 
be delivered in children using doses of 10 mg injected 
at 2, 4 and 6 months of age.

The objective of the present investigation was to 
perform the preclinical safety testing of Quimi-Hib® 
as a vaccine candidate adjuvanted in aluminum phos-
phate. The assays included acute toxicity tests (15 days 
long), tests for repeated-dose toxicity (15 days) and lo-
cal tolerance (30 days), employing three different dos-
ages and a placebo. The therapeutic dose (TD) was ex-
amined in the local tolerance study. All tests employed 
Sprague-Dawley rats and used the intramuscular im-
munization route in order to reproduce the administra-
tion procedure planned for future clinical trials.

Materials and methods

Test system
Different studies predating the safety testing of this 
vaccine candidate determined the biological activity 
of PRP in different rodent and Lagomorph species. 
One of them used Sprague-Dawley rats, split into 
groups of 5 female individuals per treatment (data not 
shown). Each 0.5 mL dose contained 10 μg of PRP, 
and other immunogens under evaluation included 
other monovalent Hib vaccine preparations adsorbed 
onto aluminum phosphate, in which the amount of 
Hib was varied from 2 to 20 μg. This immunoge-
nicity study validated rats once again as the premier 
species for toxicology testing, since the IgG antibody 
response obtained in these animals was higher than in 
other species immunized with the commercially avail-
able Hiberix® vaccine (GlaxoSmithKline). 

The preclinical safety tests described in the present 
work for the Quimi-Hib® vaccine adjuvanted in alu-
minum phosphate were performed on Sprague-Dawley 
rats, using the following administration schemes: 

Acute toxicity study: 40 rats (20 from each sex); • 
average weight: 90 g.
Local tolerance study: 76 rats (38 from each sex); • 
average weight: 90 g.
Repeated-dose toxicity study: 110 rats (55 from • 
each sex); average weight: 98 g.
The animals, supplied by the Center for the Produc-

tion of Laboratory Animals (Cenpalab, Cuba), were 
clinically examined, weighed, housed in Makrolon 

cages with a bedding of bagasse, and kept under ob-
servation for 7 days under controlled environmental 
conditions (temperature 19-21 °C, average relative 
humidity 68 % and photoperiod of 12 h). The animals 
were fed daily with 25 g/individual of rodent chow 
(ALY co., Cenpalab, Cuba), quantifying daily food in-
take; water was supplied ad libitum. All experiments 
took place at Toxicology Block B of the Animal Ex-
perimentation Unit of CIGB (Havana, Cuba).

Test compound
The studies employed a formulation of the conju-
gate vaccine Quimi-Hib® adjuvanted with aluminum 
phosphate (CIGB, Havana, Cuba). Each vaccine vial 
contained 10 μg of conjugated PRP, 20.8 to 31.25 μg
of tetanus toxoid, 0.05 mg/mL of thiomersal, q.s. and 
0.25 mL of phosphate buffer. The vial of the adjuvant 
formulation contained 7.072 mg/mL of aluminum 
phosphate, 0.05 mg/mL of thiomersal and 0.25 mL of 
phosphate buffer, q.s. Analysis reports issued by the 
Quality Control Unit of CIGB confi rmed the sterility, 
apyrogenicity, pH and general safety of this product. 
The results of the assays were satisfactory.

Experimental design
The studies were designed according to the regula-
tions issued by the International Conference on Har-
monisation (ICH) and the European Medicines Agen-
cy (EMA) [8-10]. Individual animals were randomly 
assigned to each experimental treatment with the help 
of a list generated by the Aleator software application 
(CIGB, Havana, Cuba; version 1.1, 1997). All doses 
were administered intramuscularly. Three dosages 
were evaluated, with the objective of providing a wide 
safety margin. The presence of a synthetic antigen was 
considered, and doses up to 45-fold the TD were ex-
amined. The latter corresponds to the maximum allow-
able volume according to the chosen administration 
route and host species, which constitutes the reference 
to establish the upper limit for dose and toxicity in 
the proposed experimental design. A satellite group 
receiving the highest dose in each case was included 
in the studies of local tolerance and repeated-dose tox-
icity, with the objective of evaluating the reversibility 
of any reported adverse events (Table 1).

All doses were calculated according to the body 
weight of the inoculated animals. Body weight ranged 
from 80 to 100 g at the beginning of the study. Six 
kilograms were used as the average weight of an 
8-week old human infant. The TD recommended for 
future clinical trials was 10 μg. The test compound 
was inoculated into the femoral quadriceps of a hind 
limb [11]. 

Clinical examination, euthanasia 
and sampling
The animals underwent daily clinical examinations 
with the objective of detecting any behavioral varia-
tion or sign of toxicity such as changes in skin and fur, 
in eyes and mucous membranes or somatomotor activ-
ity. The following histological parameters were con-
sidered when evaluating local tolerance: presence of 
polymorphonuclear lymphocytes, local edema, acute 
hyperemia, hemorrhage and necrosis of muscle fi bers. 
The animals were weighed weekly. Euthanasia was 
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performed by cervical dislocation, after anesthetizing 
the animals in a CO2 chamber. All organs were exam-
ined under the microscope during necropsies, taking 
samples of liver, spleen, mesenteric lymph nodes, thy-
mus and the inoculation site for later histopathological 
studies. During the repeated-dose toxicity study, the 
following hematological parameters were determined: 
eosinophil counts, hematocrit, hemoglobin concentra-
tion, mean corpuscular hemoglobin, mean corpuscular 
volume, mean corpuscular hemoglobin concentration, 
and counts of leukocytes, platelets, neutrophils, lym-
phocytes, monocytes and eosinophils. Liver, spleen 
and thymus were also weighed.

Data processing
Statistical analyses were applied to body weight, av-
erage weekly food intake, hematological data, organ 
weight and histopathological fi ndings, estimating 
measures of central tendency and dispersion (mean, 
standard deviation, maximum and minimum values). 
During the analyses of body weight and food intake, 
data normality and homogeneity of variance were ex-
amined for each evaluation time point and sex using 
the Shapiro-Wilk test with the Bonferroni correction 
for the interpretation of alpha error in paired tests and 
the Levene test, respectively, applying a parametric 
analysis of variance (ANOVA) or its non-parametric 
alternative (Kruskal-Wallis test) accordingly. Paired 
comparisons between consecutive time points were 
performed using a paired t-test or Wilcoxon’s test.

The histopathological data were analyzed using 
contingency tables with the associated test for inde-
pendence (Fisher’s exact test).

Results

Evaluation of acute toxicity 

Body weight and food intake
Body weight exhibited the expected behavior; that 
is, the values of this parameter between days 7 and 

14 were signifi cantly different and when compared 
to those of day 1 for each group, regardless of sex 
(Figure 1). On the other hand, no statistically sig-
nifi cant differences were detected between treatment 
groups for the same time point (p > 0.05, Anova). 
Body weight increased at a rate signifi cantly different 
from zero during the experimental stage of the study 
(p < 0.05, Anova).

Food intake was similar for all three studies, exhib-
iting a homogeneous behavior across groups for each 
evaluation time point: 15 to 18 g per day (Figure 2). 

The highest food intake values were registered 
during weekends (days 5-6 and 12-13). This is an ex-
pected value, as during these days the stress arising 

Table 1. Experimental design of preclinical safety testing during product development of Quimi-Hib® adjuvanted
in aluminum phosphate

Volume /
body weight 

Sacrifi ce (animals /
group and day)Groups DoseRats/

sex Immunogen FrequencyStudy type 
(n) 

Placebo*

NaCl 150 mM

Non-treated 
control

15 TD

Placebo

Placebo

30 TD

10 TD

30 TD

TD

20 TD

45 TD

20 TD

30 TD

10 TD

20 TD

5

5
10

7

3

1

14

4

I

I

I

II

II

II

III

III

V

III

V

IV

IV

VI †

IV

VI †

2 mL/kg

1 mL/kg

1.5 mL/kg

Day 1

Daily

Every  72 h

Acute toxicity 
(40)

Repeated-
dose toxicity 

(110)

Local 
tolerance (76)

Day  15

Day  28 (6)

Day  15 (10)
Day  15 (20)

Day  30 (20)

24 h (2) 
days 7 (6) and 14 (6) 

* Excipients plus aluminum phosphate adjuvant. 
† Satellite group for studying the reversibility of adverse effects.
TD: Therapeutic dose (0.13 μg in Sprague-Dawley rats with with 90 g body weight, equivalent to a therapeutic dose in humans of 10 μg).
n: Number of animals.

Figure 1. Behavior of body weight (average, in grams) of 
Sprague-Dawley rats immunized with the Quimi-Hib® vaccine 
adjuvanted in aluminum phosphate during the acute toxicity 
test. At day 0 of the study the animals were randomly assigned 
to the different experimental treatments: group I (placebo; 
excipients plus aluminum phosphate), and groups II to IV (15-, 
30- and 45-fold the therapeutic dosage), which started to be 
delivered at day 1. M: males, F: females.
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from the manipulation of the animals is minimal. All 
environmental parameters remained stable, within the 
limits established for the species (rodents) [12-14]. 
No statistically signifi cant inter-group differences 
were detected in the corresponding analysis (p > 0.05, 
Kruskal-Wallis test).

Clinical examination and macroscopic 
observations
No signs of toxicity or alterations were detected dur-
ing the daily clinical examinations. Likewise, there 
were no deaths or behavioral alterations. No changes 
were detected in the inspected organs and tissues dur-
ing necropsies. 

Histopathological study
There were signs of infl ammatory reactions in muscle 
tissue samples (hemorrhages or cicatrization foci), but 
there were no morphological alterations (Table 2). 

The observed necrosis was not a lesion of the 
muscle tissue, but a central part of the granuloma. No 
statistically signifi cant differences between placebo 
and vaccine-treated groups were detected. Group IV 
exhibited the least conspicuous alterations of the in-
oculation site (no symptoms in 6 out of 10 animals); 
an important fi nding, taking into account that these 
animals received 230 μL of the adjuvanted vaccine. 
There was extramedullary hematopoiesis in liver 
and spleen for all animals, a fi nding that was inde-
pendent from immunogen type (vaccine vs. placebo) 
and dose. Likewise, there were no statistically sig-
nifi cant differences between groups for the fi ndings 
of the histopathological study. The examined organs 
(liver, spleen and mesenteric lymph nodes) did not 
exhibit alterations that might be construed as signs 
of toxicity.

Evaluation of local tolerance 

Body weight
Body weight exhibited no statistically signifi cant dif-
ferences between experimental groups for the same 
time point (p > 0.05, Anova), and increased at normal 
rates (Figure 3). Average bodyweight increase was 
signifi cantly different from zero during the evaluation 
period.

Clinical examinations and macroscopic 
observations
The most conspicuous systemic effect was the pres-
ence of marked piloerection in all animals, includ-
ing those receiving the placebo, during week 2 
of the study (after two immunizations). The only 
clinical sign detected during the study was indura-
tion at the inoculation site in groups II (placebo, 
i.e. excipients plus adjuvant), IV (medium dose), 
V (high dose) and VI (satellite group). No local reac-
tions were detected during the fi rst four days of the 
study, but mild indurations appeared, started from day 
5, in the animals from groups II, V and VI except one 
individual from group VI, and remained present, with 
varying intensities, throughout the remainder of the 
study. Mild and moderate indurations were evidenced 
in the groups receiving 10 and 20-fold the TD and in the 
placebo group, which inoculation volume was the larg-
est. Group VI (satellite) remained under observation

up to day 28 of the study in order to evaluate the 
reversibility of these reactions. While they did not 
revert completely, the daily clinical reports evidenced 
a gradual decrease of their severity.

Figure 2. Behavior of food intake (average, in grams) of Sprague-Dawley rats immunized with the 
Quimi-Hib® vaccine adjuvanted in aluminum phosphate during local tolerance testing. At day 0 of the 
study the animals were randomly assigned to the different experimental treatments: group I (placebo, 
excipients plus aluminum phosphate), and groups II to IV (15-, 30- and 45-fold the therapeutic dosage), 
which started to be delivered at day 1. M: males, F: females.
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Table 2. Frequency of appearance of histopathological
alterations per group, in Sprague-Dawley rats im-
munized with Quimi-Hib® adjuvanted in aluminum 
phosphate* during the acute toxicity test*

Groups FG N NAMG
Inoculation site

* One dose was administered during the experiment. Group: I 
(placebo, excipients plus aluminum phosphate), and II to IV (15, 
30 and 45-fold the therapeutic dose of 0.13 μg per animal, res-
pectively). None of the animals exhibited signs of extramedullary 
hematopoiesis, either in liver or spleen. All groups were formed 
by 10 animals. FG: focal granuloma; MG: multiple granuloma; 
N: necrosis; NA: no alterations.

Figure 3. Behavior of body weight (average, in grams) of 
Sprague-Dawley rats immunized with the Quimi-Hib® vaccine 
adjuvanted in aluminum phosphate during local tolerance 
testing. At day 0 (initial day of the study) the animals were 
randomized and the dosages for administration of the four 
doses every 72 h (starting from day 1) were defi ned: group 
I (non-treated control), group II (placebo, i.e. excipients plus 
aluminum phosphate), and groups III to V (1, 10 and 20-fold 
the therapeutic dose, respectively). Group VI: satellite group, 
used to evaluate the reversibility of local adverse effects. 
M: males, F: females.
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The macroscopic observations performed during 
necropsies (at 24 h, 7 and 14 days and 28 days for the 
satellite group) failed to fi nd signs of damage in any 
organ system. There were white nodules at the inocu-
lation site, which size was directly related to dose and 
administration volume.

Histopathological study
There was a noticeable increase in the number of mac-
rophages at the inoculation site after 24 h of the fi rst 
administration, which also exhibited liquid depots of 
the immunogen. These are typical and expected fi nd-
ings after the administration of an antigenic substance 
containing aluminum phosphate as an adjuvant, and 
were also observed during the necropsies performed 
at days 7, 14 and 28 although their intensity was vari-
able, depending on dose number and size.  

At day 7 (after 2 doses) the local reactions led to 
the appearance of diffuse macrophage granulomas 
with eventual liquid depots, a modest cicatrization 
response within the reaction and the infi ltration of 
lymphocytes, especially in the periphery, with varying 
intensity. It should be noted that the granulomatose 
reaction of group III (TD) was also modest. 

At day 14 (Table 3), after 4 doses, the inoculation 
site continued to exhibit the granulomas described 
above, which were most frequent and intense in the 
groups receiving the highest dose (V) and the largest 
volumes of adjuvant (II and V). 

The only symptom of group I (non-treated control) 
was the presence of extramedullary hematopoiesis in 
the liver of two animals at day 7 and four animals at 
day 14, as well as extramedullary hematopoiesis in 
the spleen of fi ve animals at days 7 and 14. No other 
histopathological signs were observed in this group 
during the study. 

There were no cases of extramedullary hematopoi-
esis at the liver for any of the animals of the study at 
24 h after the fi rst inoculation. Likewise, there were 
no cases of alterations in lymph nodes or the thymus 
throughout the study. There was only a moderate in-
fl ammatory response and extramedullary hematopoi-
esis at the spleen of animals belonging to groups 
receiving adjuvant-containing formulations (includ-
ing the adjuvant-only group) and extramedullary 

hematopoiesis in the liver of individuals from group 
III (TD). 

There were evidences of granulation tissue only in 
two animals from group III (TD) at day 14.

Histopathological data for the satellite group was 
only collected at day 28. In this case, there was a 
modest local reaction in four animals, and a moderate 
reaction in another two; there was only one animal 
exhibiting extramedullary hematopoiesis. No other 
alterations were detected in this group.

The frequency of appearance of alterations in the 
other parameters is shown in table 3.

Evaluation of repeated-dose toxicity 

Body weight and food intake
There were no differences regarding body weight be-
tween experimental groups for either sex at the same 
time point (p > 0.05, Anova), although average body 
weight did exhibit a statistically signifi cant increase 
with respect to its initial value (p < 0.05, Anova) that 
was similar for every group (Figure 4).

Food intake also exhibited a homogenous behav-
ior across groups for each time point (15 to 24 g per 
day) (Figure 5). Upon close examination, there was 
a signifi cant decrease of average food intake by day 
7 of the study for the females of group I, which was 
corroborated by the corresponding statistical analysis 
(p > 0.05, Kruskal-Wallis test).

Clinical examination and macroscopic 
observations
No signs of local reaction at the inoculation site or any 
other alterations were detected during the fi rst 4 days 
after starting the study, although indurations at this 
site appeared afterwards in animals from every group 
and remained throughout the experimental stage. Se-
vere induration and nodules were present in animals 
from the placebo, high dose (20 and 30-fold the TD) 
and satellite groups, which received the largest inocu-
lation volumes, but were also observed in mild form 
in animals from group III (10-fold the TD). 

The hematological parameters of treated groups 
were similar to those of animals from the same batch 
which did not receive any test compounds (control 
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 Olfert ED, Cross BM, Mc William A. 14. 
Guide to the care and use of experimen-
tal animals. 2nd ed. Ontario: Canadian 
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Table 3. Frequency of appearance of histopathological alterations at the inoculation site (infl ammatory 
reaction) and the target organs of the immunological response of Sprague-Dawley rats after immunization 
with Quimi-Hib® adjuvanted in aluminum phosphate during local tolerance testing* 

24 h

IR†

D

7 days 14 days

IR IR

EHL EHS D M S EHL EHS GTD M S EHL EHS

Groups

0
2
1
1
2
nd

0
0
3
2
1
nd

0
0
3
1
0
4

0
0
2
0
0
nd

0
1
0
4
5
nd

0
0
1
3
6
2

2
2
0
2
1
nd

0
0
0
0
0
0

0
1
2
2
2
nd

0
5
0
0
0
nd

0
6
0
2
0
0

5
6
6
5
6
nd

4
1
2
3
0
0

5
6
5
5
6
1

I
II
III
IV
V
VI¶

* Data corresponding to two animals per group at 24 h and six animals per group at days 7 and 14. At 24 h post-administration, the 
infl ammatory reaction was only discreet. In addition, there were no alterations of lymph nodes and thymus at any of the evaluated time 
points. The sole fi nding was the presence of granulation tissue (GT) at day 14.
† IR: Infl ammatory reaction. Classifi ed as discreet (D), moderate (M) or severe (S). At 24 h it was evaluated only in 2 animals from groups 
I to V (I: non-treated control; II: vaccine placebo plus aluminum phosphate adjuvant; III: therapeutic dose of 0.13 μg per animal; IV and 
V: 10 and 20-fold the therapeutic dose, respectively).
¶ VI: Satellite group immunized with 20-fold the therapeutic dose, used to evaluate the reversibility of adverse effects. Data obtained 
at day 28.
EHL: extramedullary hematopoiesis in liver; EHS: extramedullary hematopoiesis in spleen; nd: not determined.
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non-treated group). The macroscopic observations 
performed during necropsy confi rmed the results of 
the clinical examinations; their main fi nding was the 
presence of pale formations with a nodular appear-
ance. The weight of all organs remained within the 
normal ranges for the species.

Histopathological study
Muscle tissue samples were examined looking for his-
tological signs of infl ammatory reactions, hemorrhag-
es and cicatrizing foci. However, our sole fi nding was 
the presence, in the animals from the groups receiving 
the largest vaccine doses, of diffuse granulomas in the 
inoculation site, circumscribed mainly to the endomy-
sium of muscle fi bers with liquid depots and evidence 
of cell lysis for the granulomatous tissue, interspersed 
with cicatrization tissue and a few polymorphonuclear 
eosinophils. The individuals from the placebo group 
did not exhibit granulomas, although three individuals 
did develop cicatrization tissue. None of the studied 
animals had evidence of liver damage, and all had his-
topathological evidence of antigenic stimulation on 
spleen and mesenteric lymph nodes. There were no 
differences regarding the magnitude and structure of 
the local reaction between the placebo group and the 
groups receiving multiple TD.

Discussion 
The sustained increase in body weight and stable food 
intake fi gures exhibited by all animals used for the 
preclinical safety testing of the aluminum phosphate-
adjuvanted Quimi-Hib® conjugate vaccine evidence 
that this formulation is not toxic. Body weight in-
creased consistently throughout the experimental 
stage up to the appointed date for euthanasia in all ani-
mals independently of the administered dose, result-
ing in statistically signifi cant differences compared to 
the initial values (p < 0.05). The values of both body 
weight and food intake in every evaluation time point 

were similar to those reported for healthy animals of 
this species [15] even in groups receiving dosages 
as high as 45-fold the TD. These fi ndings were con-
fi rmed by the clinical examinations, as there were no 
morphological or etiological alterations attributable 
to the test compound, evidencing the non-toxicity 
of the assayed formulations and treatments. In turn, 
the histopathological studies of each of the three ex-
periments corroborated the fi ndings of the clinical 
examinations. There was an infl ammatory reaction at 
the inoculation site, which has been linked by sev-
eral authors to the presence of aluminum phosphate 
as an adjuvant. This compound has been previously 
shown to effi ciently potentiate effector infl ammatory 
responses [16-18], characterized mainly by the pres-
ence of macrophages, neutrophils and plasma cells. 
The cicatrizing and hemorrhaging foci are simply a 
response to the mechanical trauma of the injections; 
as a matter of fact, there are occasional reports in liter-
ature of lacerations and damage to muscles and skin. 
In any case, most of the animals did not have altera-
tions, further supporting the use of this formulation 
as a vaccine candidate. The histopathological study 
also pointed at aluminum phosphate as the main cause 
of the observed response, as our results coincide with 
those reported by other authors employing vaccines 
adjuvanted with aluminum salts [16-19]. The mag-
nitude of the response corresponded to that expected 
after the repeated inoculation of this adjuvant for 14 
days. The observed adverse effect at the inoculation 
site is not a sign of toxicity, despite the administration 
of an adjuvant concentration larger than that specifi ed 
by the study protocol. These results evidence that the 
safety of the test compound, Quimi-Hib® adjuvanted 
in aluminum phosphate, is similar to that of other vac-
cines approved for clinical use in many other coun-
tries [19-21]. 

There were no differences between placebo and 
three different TD dosages concerning the magnitude 
and structure of the local reaction after the repeated 

Figure 4. Behavior of body weight (averages, in grams) of 
Sprague-Dawley rats immunized with the Quimi-Hib® vaccine 
adjuvanted in aluminum phosphate during repeated-dose toxi-
city testing. At day 0 (initial day of the study) the animals were 
randomized and the dosages for daily administration during 
14 days starting from day 1 were defi ned: group I (NaCl 150 
mM), group II (placebo, excipients plus aluminum phosphate), 
and groups II to V (10-, 20- and 30-fold the therapeutic dose, 
respectively). Group VI: satellite group used to evaluate the 
reversibility of adverse effects. M: males, F: females.
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Figure 5. Behavior of food intake (averages, in grams) of Sprague-Dawley rats immunized with the 
Quimi-Hib® vaccine adjuvanted in aluminum phosphate during repeated-dose toxicity testing. At day 0 
(initial day of the study) the animals were randomized and the dosages for daily administration during 
14 days starting from day 1 were defi ned: group I (NaCl 150 mM), group II (placebo, excipients plus 
aluminum phosphate), and groups II to V (10-, 20- and 30-fold the therapeutic dose, respectively). 
Group VI: satellite group used to evaluate the reversibility of adverse effects. M: males, F: females.
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administration of the vaccine. This demonstrates that 
the detected histological reactions are mainly caused 
by the adjuvant and, especially, its concentration. 
Some authors have demonstrated the presence of alu-
minum at the center of the macrophage granulomas 
observed at the inoculation site after the administra-
tion of similar compounds [19], and others, such as 
Bordet [20], have reported the infi ltration of neutro-
phils, microabscesses and the appearance of giant 
cells as markers of the adverse effect of aluminum 
salts-based adjuvants. However, these fi ndings were 
not replicated by our study despite the use of adjuvant 
concentrations higher than those of other commer-
cially available vaccines, demonstrating that the test 
compound satisfi es all safety requirements for its ex-
amination in future clinical trials. The present investi-
gation, in summary, did not fi nd any effect attributable 
to the administration of the test compound that could 
be interpreted as a sign of potential toxicity. 

The fact that the observed local signs reversed only 
partially coincides with previous observations by oth-
er authors (e.g. Gupta [17] and Goto et al. [22]), who 
reported that the indurations appearing at the inocu-
lation site after the administration of vaccines adju-
vanted with aluminum salts takes from 9 to 12 months 
to disappear both in rabbits and rats. 

Conclusions
Taking into account the data from earlier studies with 
the Quimi-Hib® vaccine and the results of the present 
work, it is concluded that the Quimi-Hib® vaccine 
adjuvanted in aluminum phosphates meets all innocu-
ity and safety requirements for its administration to 
human beings, as well as all national and international 
regulations for the use and marketing of this product 
type. The repeated administration of this product pro-
duces a local reaction characterized by macrophage 
granulomas of varying intensities. In addition, this 
product is not toxic at a systemic level, as its admin-
istration at a wide range of doses to Sprague-Dawley 
rats did not result in morphological alterations in any 
of the studied organs, did not alter their bodyweight 
increase rates and food intake indexes, did not alter 
any of the studied hematological parameters, and did 
not change the weight of the internal organs above 
or beneath the normal limits for healthy animals. The 
only relevant fi nding of the clinical examinations and 
the gross observations performed during necropsies 
was the presence of a local reaction at the administra-
tion site (indurations caused by macrophage granulo-
mas), which has been previously reported for prod-
ucts employing aluminum salts as adjuvant and do not 
represent a sign of toxicity.
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