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Abstract. Background. Vaccines play a critical role in safeguarding public health, particularly for children. It is imperative
to proactively address safety concerns to uphold trust in their effectiveness and safety. Skepticism surrounding vaccines
can have significant adverse effects on the overall well-being of the entire population, potentially leading to individuals
opting out of vital vaccinations, thereby posing risks to public health. Thus, ensuring confidence in vaccine safety remains
paramount. Materials and methods. This phase four clinical trial was conducted as a post-marketing study (PMS) on 2to 7
month old healthy infants (N = 539) to evaluate immunity and safety of Indian pentavalent vaccine containing Diphtheria,
Tetanus, Pertussis, Hepatitis B and Haemophilus influenza type b [DTPW-HEP B-HIB (PRP-T)/PENTAVAC] in four
different centers at Tehran province. Blood samples were collected from eligible infants before receiving the vaccine
(2 months of age) and 1 month after the third dose (7 months of age) to determine antibodies against all antigens in the
pentavalent vaccine using ELISA. Results. The results indicated that the immune responses demonstrated seroprotection
and protective antibody levels after three doses of the vaccine for Haemophilus influenza b, diphtheria, tetanus, hepatitis B
virus and Bordetella pertussis were 99.1%, 98.7%, 99.8%, 99.4% and 69.6%, respectively. Statistical analysis showed that
the P-value for all vaccine components was similar (P < 0.001). The five most common side effects reported were mild
fever (10%), erythema at the vaccination site (9.1%), inflammation (4.3%), pain at the vaccination site (3.3%), and
restlessness (2.6%). Conclusion. This study’s findings demonstrated a significant increase in antibody levels against all
five vaccine components. In light of these results, it can be concluded that the Pentavalent vaccine is not only effective
in enhancing immunity against multiple diseases but also presents minimal risk of side effects in the study population.
These findings contribute to the body of evidence supporting the safety and efficacy of vaccines, underscoring their crucial
role in protecting public health.
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MMMYHOIeHHOCTb U BESOMNMACHOCTb BAKLWUHbI DTPW-HEP B-HIB (PRP-T) (MEHTABAK)
Y MJIALEHLEB B BO3PACTE 2-7 MECALEB: KJIMHU4YECKOE UCIbITATEJIbHOE
MOCTMAPKETUHIOBOE UCCJIEAOBAHUE 4 ®A3bI

Macymu-Aca X.!, Harersu A.!, Bapanapaun X.P.!, Ixxacdapu 9.2, Azusan P.2, @apamap3u M.!

! Yuugepcumem meduyunckux nayk Hpana, Teeepan, Hpan
2 Teeepanckuii ynusepcumem meouyunckux nayx, Teeepan, Hpan

Pestome. Bak1iHbBI UTpalOT KPUTUUECKU BaXKHYIO POJIb B OXpaHe OOIIECTBEHHOTO 3M0POBbsI, 0OCOOEHHO IJISI IETEH.
KpaiiHe BaxXHO aKTMBHO pelaTh Ipo0JIeMbl 0€301TaCHOCTH AJIS IOA IS p>KaHU S TOBepUSI K BaKIMHAIIU Y. CKETITUIIN3M
BOKPYT BaKIIMH MOXET UMETh CYIIECTBCHHBIC HEONArOMPUATHBIC ITOCACACTBUS IJISI OOIIEro 0JaromoJydIusi BCETO
HacelleHU s, TOTCHIIMAJBHO IIPUBOIS K TOMY, YTO JIFOAW OTKA3bIBAIOTCS OT XMU3HCHHO BaXKHBIX IIPUBUBOK, TEM Ca-
MBIM CO3/IaBasi PUCKH JUIST OOIIEeCTBEHHOrO 3apaBooxpaHeHus. CiiemoBarebHO, 00ecTieueHe YBEPEHHOCTH B O€3-
OTIACHOCTM BAKIIMH OCTAaeTCs MEePBOCTENEHHOM 3amaueit. Mamepuans u memods.. Hacrosiee KITMHUYECKOE HC-
MbITAHUE YeTBEPTOI (ha3bl ObLIO MPOBEAECHO B KAUYeCTBE MOCTMAPKETUHIOBOrO ucciaeaoBaHus (PMS) Ha 3m0poBbix
miaaneHunax 2—7 mecsueB (N = 539) aiast oLleHKM UMMYHUTETAa U 0€30MacHOCTU MHAMNACKON MSITUBAaJeHTHOM Bak-
LIMHBI MPOTUB OUdTepuu, cTONOHsIKA, KOoKJIolIa, renatuta B u Haemophilus influenza Tuna b [DTPW-HEPB-HIB
(PRP-T)/PENTAVAC] B yeThIpex pa3JIMUHbIX LEHTPaX B MpoBUHIIMU TerepaH. OOpa3ubl KpOBU 00CI€I0BaHHBIX
MJIafieHLIeB ObIJIM COOpaHbI 0 BBEACHMS BaKIIMHBI (BO3pacT 2 Mecsila) 1 yepe3 1 Mecsll rmociie TpeThelt 103bl (BO3-
pact 7 MecsueB) IS onpeaeaeHuss aHTUTEN MPOTUB BCeX aHTUTEHOB MATHUBAJICHTHOM BaKLUMHBI MeTogoM ELISA.
Pezyabmamest. TlokazaHo, YTO YPOBHU CEPO3AIIMThI M 3aIMTHBIX aHTUTEN MOCJIe TPEX 103 BAaKIIMHBI IPOTUB aHTHU-
reHoB Haemophilus influenza Tuna b, nudrepun, cronbHsKa, BUpyc renaturta B u kokiomnia cocraBunu 99,1%, 98,7%,
99,8%, 99,4% 1 69,6% coorBeTcTBeHHO. CTATUCTUYECKUIA aHAIU3 TI0KA34aJ1, YTO BeJIMYrHa P 1151 BceX KOMIIOHEHTOB
BakIMHBEI ObI1a cormoctaBuMa (P < 0,001). [Tats Hanboee pacIpocTpaHEHHBIX TTOOOUYHBIX 3(PHEKTOB MPUMEHEHU S
BaKIMHBI OBLIM MPENCTaBIeHBl B BUIe yMepeHHOM nuxopaaku (10%), sputembl B MecTe BakimHauuu (9,1%), Boc-
naneHus (4,3%), 6onu B Mecte BakuuHauuu (3,3%) u 0ecrnokoiictsa (2,6%). Bbieodsi. Pe3yabTaThl HACTOSIILETO KC-
CJIeIoBaHMS TTPOJEMOHCTPUPOBAJIM BhIpasKeHHOE YBEJIMUEHNWE YPOBHSI aHTUTEN MPOTUB BCEX MATU KOMIIOHEHTOB
BaKIIMHBI. B cBeTe MOJYyUEHHBIX PE3yJbTaTOB MOXHO 3aKJI0YMTh, YTO BaKlMHa [leHTaBajeHT He TOJbKO 3 dek-
THBHA B TIOBBIIIIEHMY UMMYHMTETa MTPOTUB YKa3aHHBIX 3a00JIeBaHUI, HO U HECET MUHUMAaJIbHBIN PUCK TTOOOYHBIX
addexToB B uccaenyemoit monyasiuu. [IpuBoarmbie pe3yabTaThl BHOCIT BKJIad B COBOKYITHOCTD 10Ka3aTelbCTB,
MOATBEPXKAAIOLIMX 0€30MaCHOCTb U 3¢ (HEKTUBHOCTH BAaKIIMH, OJYEPKHUBAsI UX PEIIAIOIIYIO POJIb B 3alllUTE 00IIIe-
CTBEHHOTO 3IpaBOOXPaHEHUS.

Karoueesvie caosa: ummynumem, maadenusl, neHmMasaieHMHAs 6AKYUHA, YPOSHU aHMUMeN, N0O0UHble d(hhekmbl, 300p08be demell.

Introduction

Vaccines are usually used for the health of the
general public, especially children. Any concerns
about efficacy and safety of vaccines should be seri-
ously investigated [3]. If Suspicion about a vaccine
may increase, it could create dangerous consequenc-
es for everyone’s health as some people will avoid vac-
cination of their children [20]. It is important to eval-
uate the safety of vaccines, especially in the case
of vaccines that have been used in a more limited way
and there are fewer reports of their side effects.

Pentavalent vaccine includes Diphtheria, Tetanus,
Pertussis, Hepatitis B and Haemophilus influenza
type b. This vaccine has entered the national vacci-
nation program for children in Iran since 2014 and
is usually given at the ages of 2, 4, and 6 months [9].

Pentavalent vaccination aims to protect infants
against five major life threatening diseases, includ-
ing diphtheria, whooping cough, tetanus, hepatitis B,
and Haemophilus influenza [13]. To date, no vaccine
has been 100% effective and safe for all individuals
and because of the antigen or other substances in the

vaccine some show a reaction to it [22]. Equally in the
case of neonatal vaccination, the health promotion
of infants should also be considered; therefore it is
important to evaluate the efficacy and safety in in-
fants following pentavalent vaccination.

In this study we assessed the immunogenicity and
safety of pentavalent vaccine administrated at 2, 4,
6 months of age, as well as the possible complications
after the injection of the pentavalent vaccine with-
in the first 48 hours, one week and 2 months after
injection.

Materials and methods

Study group. Participants for this study included
healthy male and female infants aged 2—6 months
who were referred to four Health Centers in two
districts of Tehran, covered by Iran University
of Medical Sciences, who were scheduled to receive
routine pentavalent vaccine between July 2, 2018,
and February 20, 2019.

Inclusion criteria included the infant’s with arm-
pit temperature of less than 38.5, and normal clini-
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cal examination at the time of vaccination, who were
born from a normal pregnancy with a gestational age
of 38—42 weeks from a mother seronegative for HBs-
Ag, and received the 2/4/6 months vaccination in the
same clinic and were available up to two months
after the last vaccination. Infants with the histo-
ry of transfusion of blood or blood products or use
of immunoglobulin since birth, with significant and
chronic heart, respiratory, kidney, liver and blood
disease, history of any type of allergic disease or any
type of sensitivity that may be exacerbated by vac-
cine components, history of seizures or neurological
disorders, congenital or genetic immunodeficiency
were excluded. Moreover, the participants who used
any type of vaccine or investigational drug except
the study vaccine during the study, or received one
of the other routine vaccines during the study except
BCG and OPYV, were also excluded.

Vaccine. The PENTAVAC vaccine [DTPW-
HEPB-HIB (PRP-T)] used in this study is manufac-
tured by the Serum Institute of India and contained
a combination of: Diphtheria toxoid < 25 Lf (> 30IU),
Tetanus toxoid > 2.5 Lf (> 40 1U), Bordetella pertus-
sis (whole cell) < 16 OU (> 4.0 1U), HBsAg (rDNA)
> 10 ug, Purified capsular Hib polysaccharide (PRP)
conjugated to Tetanus Toxoid (carrier protein) 10 ug,
< 0.01% Thiomersal as preservative and Al** content
as aluminum phosphate < 1.25 mg.

The pentavalent vaccination was administrated
based on the routine national protocol of vaccina-
tion and the infants were observed for 30 min after
each vaccination for immediate effects and then
for 48 hours, one week and 2 months after injection
following the vaccination for any complications such
as fever > 38.3°C, drowsiness, restlessness, persistent
crying, seizure, and anaphylaxis which were regis-
tered in the questionnaire form for possible compli-
cations by parents.

Serology. For determination of antibodies against
all antigens in the pentavalent vaccine, blood sam-
ples were collected at 2 months of age (pre-first
vaccination) and at 7 months of age (1-month after
the third vaccination). The trial was registered with
the Trial Registry of Iran (IRCT2016042027498N1),
the sampling protocols were approved by the Ethics
Committee of Iran University of Medical Sciences,
and written consent was obtained from parents/
guardians of patients prior to data collection.

Antibody titers were measured by ELISA Kits
from DeMeditec Diagnostics GmbH (Germany).
The seroprotection was considered as immune if
antibody concentration were defined as follows:
Anti Diphtheria IgG antibody titer of > 0.1 1U/ml,
Anti Tetanus IgG antibody titer of > 0.1 IU/ml, Anti
Pertussis IgG titer of > 16 IU/ml, Anti HepB IgG an-
tibody titer of > 10 IU/ml, and Anti PRP IgG titer
of > 0.15 ug/ml.

Data analysis. The categorical variables were ex-
pressed as frequencies, percentages and mean, and

differences in variables were assessed by Fisher’s ex-
act test. The data were analyzed using SPSS software
version 22. Two-sided P values of less than 0.05 were
considered statistically significant.

Results

In the first stage, a total of 658 participants en-
tered the study and received the first dose of vac-
cination. As some of the parents refused to con-
tinue participating in the project due to traveling
and changing their place of residence, in the sec-
ond stage, the number of participants was reduced
to 553. Fourteen other samples were discarded
due to tube breakage, lack of volume and presence
of clots, and eventually the blood samples of 539
infants including 261 girls (48.4%) and 278 boys
(51.6%) who participated in both sampling times
were included in results. The participant’s flowchart
is shown in Figure.

Tables 1 and 2 present the immunogenicity data
for the pentavalent vaccine. The observed immune
responses to each vaccine component considering
the cut-off point of ELISA-IgG or the protective
antibody showed that the average anti-Bordetella
antibody titer in 2- and 7-month-old infants was
9.336+0.411 and 24.380%£0.574, respectively, and
69.6% have been immunized against Bordetella per-
tussis. The average anti- Haemophilus influenzae anti-
body in 2-month-olds is 0.490+0.04 and in 7-month-
olds it is 5.491%0.169 and 99.1% of 7-month-olds
have been immunized against Haemophilus influen-
zae type b after 3 doses of the vaccine. The average
anti-diphtheria antibody titer in 2- and 7-month-olds
was 0.2420+£.014 and 0.919+0.016, respectively, and
after 3 doses of the vaccine 98.7% of 7-month-olds
have been immunized against diphtheria. The aver-
age level of anti-tetanus antibody in a 2-month-old
infant before vaccine injection was 1.127+0.047 and
after three doses of vaccine was 3.497£0.078, and
99.8% got immunized against tetanus. The average
antibody titer against surface antigen of hepatitis B
virus (HBs-Ab) was 40.15+5.137 and 544.67+12.183
in 2 and 7-month-olds, respectively, and 99.4% pro-
tection have been achieved against hepatitis B vi-
rus. Comparison of the level of the antibodies and
side effects of 5 vaccine in boys and girls revealed
no significant differences in all 4 medical centers.
As indicated in Table 3, inspecting the side effects
after receiving each dose of the vaccine, which were
monitored 48 hours, one week and two months later
in person or by phone, showed mild fever (38—38.9)
with 10%, erythema at the vaccination site with 9.1%,
inflammation with 4.3%, pain with 3.3% and rest-
lessness with 2.6% were five common vaccine side ef-
fects. Complications such as abscess, lymphadenitis,
encephalopathy and encephalitis, meningitis, con-
vulsions, drowsiness, anaphylactic shock were not
observed in any of the children.
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Excluded (n = 33)
- Not meeting inclusion
criteria

Excluded (n = 14)
- Other reasons

Screened

[ (n=691)

Excluded (n = 119)

- Parents refusing

to continue participation
- Not meeting inclusion
criteria

Figure. The participant’s flowchart

Analyzed
(n=1539)

Enrolled
in first sampling stage
(n=1658)
Enrolled
in second sampling stage
(n=553)

Table 1. Antibody titers before (2 months old) and after (7 months old) Immunization

Before Vaccination, No =539 After Vaccination, No =539
Variables Non-lImmune Immune Non-Immune Immune P
N (%) N (%) N (%) N (%)

Tetanus <0.11U/ml >0.11U/ml <0.11U/ml >0.11U/ml <0001
IgG 36 (6.7) 503 (93.3) 1(0.2) 538 (99.8)
HBs Ab <10 1U/ml >10 IU/ml <101U/ml >10 [U/ml 0.053
IgG 251 (46.5) 288 (53.4) 3(0.6) 536 (99.4) '
Diphtheria <0.11U/ml >0.11U/ml <0.11U/ml >0.11U/ml 0.008
I9G 272 (50.5) 267 (49.5) 7(1.3) 532(98.7)
Hib Anti PRP <0.15ug/ml >0.15 ug/ml < 0.15 ug/mi >0.15 ug/ml 0028
IgG 175 (32.5) 364(67.5) 5(0.9) 534 (99.1)
Pertussis <16 1U/ml >16 1U/ml <16 1U/ml 2 16 1U/ml <0.001
IgG 453 (84) 86 (16) 164 (30.4) 375 (69.6)

Note. HBs: hepatitis B surface antigen; Hib: Haemophilus influenzae type b; PRP: polyribosyl ribitol phosphate.

Table 2. Average antibody concentration before (2 months old) and after (7 months old) Immunization

Vaccine components Immunization state Mean Std. Error Mean p

e L e
Bef 40.15051 13737

HBs :ft?erre 543.:706556 152.138339796 <0.001

e Soro0r Boreats ] <0

Aor 349708 sarzer ] <O

Bordetella B;‘ft(()arre 2%1'.3338608997 8 ;1225 <0001

Note. Hib: Haemophilus influenzae type b; HBs: hepatitis B surface antigen.
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Table 3. Observed adverse effects associated with pentavalent vaccination

Symptoms Primary First Booster Second Booster p
Fever 54 (10) 55(10.2) 37 (6.9) 0.043
Pain 12(2.2) 18 (3.3) 17 (3.2) 0.461
Erythema 3(0.6) 10(9.1) 8(1.5) 0.128
Inflammation 23(4.3) 14 (2.6) 8 (1.5) 0.015
Restlessness 8 (1.5) 14 (2.6) 22 (2.4) 0.022
Anorexia 5(0.9) 2(0.4) 1(0.2) 0.197
Allergic symptoms 0 3(0.6) 0 -
Vomiting 0 0 5(0.9) -
Long-term crying 0 1(0.2) 0 -

Note. Variables are represented by No. (%).

Discussion

There are many benefits for combination vac-
cines, such as reduced number of injections, patient’s
discomfort and costs. Whereas the complications

in this context are mainly pain, erythema, fever,
restlessness, weakness, vomiting, irritability or sen-
sitivity, diarrhea and unusual crying [23]. In recent
years the pentavalent vaccination has been widely
used for the prevention of DTP, hepatitis B and
Hib [12], and different studies have been conducted
to highlight its preventive effect.

Our results showed that one month after the third
dose of the Pentavalent vaccine, immunogenicity
levels increase significantly and the participants had
no serious complications. In the study of Aspinall et
al. which evaluated the immunogenicity and safety
of Quinvaxem vaccine used in Switzerland, it was
found that one month after the injection of the vac-
cine in 90% of the infants showed increased levels
of immunity to all three antigens and the injection
of the vaccine had not any complications [1]. Also,
in another study in El Salvador, it was found that
Quinvaxem vaccine was highly effective in terms
of immunogenicity and safety [21].

In this study the protective antibody levels
for Haemophilus influenza b, diphtheria, tetanus,
hepatitis B virus and Bordetella pertussis was 99.1%,
98.7%, 99.8%, 99.4% and 69.6%, respectively.
In a study conducted in India, which investigated
two types of pentavalent vaccines (PENTAVAC and
Eastfive), the immunogenicity of both vaccines was
100% for all vaccine components, except Bordetella
pertussis, which was 95% and 96% for PENTAVAC
and Eastfive, respectively [18].

In the study of Roa et al. which was conducted
for three types of pentavalent vaccines common
in India, the immunogenicity rate obtained for per-
tussis is 89.94%, 76.60% and 92.39% in Shan5, Easy
five and TritanrixHB vaccines, respectively [4].
Although this study showed that the immunogenic-
ity of the pertussis is less immunogenic than other
antigens of the pentavalent vaccine, compared to this
study, our results indicate lower amounts of anti-per-
tussis immunogenicity. Not only development of an-

tibody to pertussis is less than other vaccines but also
antibody against pertussis wanes overtime. To com-
bat this issue more researches is needed and addition-
al booster doses of vaccine should be used [14, 16].

In this study, 67.5% of 2 months old infants showed
protective antibodies against Haemophilus influen-
zae b before receiving the vaccine that has reached
to nearly 100% after receiving three doses, which
is similar to other studies [6, 10, 15, 19]. Increased
levels of antibody before vaccination is due to moth-
ers’ immunogenicity levels, which indicates the high
prevalence Haemophilus influenzae infection in the
society, as the mothers had not have a history of re-
ceiving Haemophilus influenzae vaccine.

In this study, 93.3% of the infants due to maternal
immunity were immune against tetanus before vacci-
nation, which increased to 99.8% at the time of second
evaluation 1 month after the third dose of the vaccine.
Other studies also showed similar results [7, 11]. Our re-
sults also showed that 53.4%, 49.5% and 16% of the in-
fants were immune against Hepatitis B virus, Diphtheria
and Pertussis before vaccination, respectively, which
is similar to the results of other studies [2, 5, 6].

The five most common complications of the vac-
cine were mild fever, erythema, inflammation, pain
and restlessness, which is similar to observations
documented in other studies [6, 11, 17]. No com-
plications such as abscess, lymphadenitis, encepha-
lopathy and encephalitis, meningitis, convulsions,
drowsiness, anaphylactic shock were observed in any
of the children who received the vaccine.

In another study conducted on 1119 children less
than one year of age, the side effects of Pentavalent
vaccine 48 hours after injection showed 15.8% in-
flammation, 10.9% erythema, 44.2% pain, 12.6%
mild fever, 15.0% decreased appetite, 32.9% irrita-
bility, 4.6% nausea and 5.5% continuous crying, and
none of the children showed complications such as
seizures or encephalopathy [8].

Conclusion

According to the results, this study effectively
evaluated the immunogenicity of the PENTAVAC
vaccine in infants, demonstrating promising out-
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comes. Despite preliminary participant deduction,
the analysis became primarily based on samples from
539 cases, revealing significant immune responses
to all five vaccine components (diphtheria, tetanus,
pertussis, Hib and hepatitis B) with significant im-
munogenicity levels. Furthermore, the monitor-
ing of vaccine side effects showed that slight fever,
erythema, inflammation, pain, and restlessness have
been the most commonplace, without any severe
complications determined. These findings support
the effectiveness and safety of the pentavalent vac-
cine in infants. Overall, this research offers precious
insights for healthcare specialists and policymakers,
highlighting the significance of successful vaccina-
tion programs for infant health.
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