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Abstract

Background and Aims: Scientists and healthcare workers have expressed their con-

cerns on the impacts of the COVID-19 pandemic on vaccination coverage in children

and adolescents. Therefore, we aimed to systematically review the studies addressing

this issue worldwide.

Methods: We conducted a systematic search of relevant studies using the keywords

on databases of PubMed, Web of Science, and Cochrane on May 22, 2021. The iden-

tified records were imported into EndNote software and underwent a two-phase

screening process consisting of title/abstract and full-text screenings against inclu-

sion criteria. The data of the included studies were summarized into a table and the

findings were analyzed in a systematic approach.

Results: From 26 eligible studies, 21 studies demonstrated decreased vaccination

rates in the children during the COVID-19 pandemic, while three studies found

increased or no significant changes only in influenza vaccination. The two remaining

studies from Brazil and Sweden also showed no significant changes in vaccination

rates in the children during the pandemic.

Conclusion: Most of the reports worldwide reported a decline or delay in vaccination

at the time of the COVID-19 pandemic. A sustained catch-up program seems to be

necessary, especially in low-income countries, to avoid any vaccine dose missing.

Facilitating the vaccination process is recommended, such as decreasing the waiting

time for vaccination at the health center, addressing the fear and concerns related to

COVID infection for parents, and enhancing vaccine availability, and promoting

access in remote areas. Countries should ensure proper vaccination to prevent future

pandemics related to vaccine-preventable diseases.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) represents one of the most

challenging and concerning public health crises of the last century.1,2 The

COVID-19 pandemic is a multifaceted health crisis that severely affected

essential health services provision, placing an enormous burden on

healthcare systems and economies of countries.3,4 The unprecedented

spread of COVID-19 and its characteristics have highlighted the need for

quick solutions.5–7 All countries have initiated measures to reduce the out-

break, including social-distancing mandates, closure of nonessential busi-

nesses, quarantine, and shifting healthcare resources to the COVID-19

response.8–10 This will have widespread implications for the control of

other chronic diseases and preventable illnesses.11 Childhood immuniza-

tion is one of the most cost-effective and successful public health

measures that could reduce the morbidity and mortality rates for vaccine-

preventable diseases (VPDs).12

The COVID-19 pandemic is disrupting routine child immunization

services around the world and threatening the gains made in the control

of VPDs for the past two decades.3,13 The World Health Organization

(WHO) has stated that routine immunization programs have been sub-

stantially disrupted in at least 68 countries, affecting more than 80 million

children worldwide, especially in poor countries.14,15 The reduction of

child vaccination coverage, even for brief periods during emergencies,

could cause an increased number of susceptible individuals and raise the

risk of outbreak-prone VPDs such as measles, polio, and pertussis.1,4,16

Outbreaks of VPDs could be dreadful for a health system that is

already battling the impacts of COVID-19, and substantively increase

morbidity and mortality in the age groups most at risk.1 For this

F IGURE 1 PRISMA flow diagram of the study’s selection process. PRISMA, Preferred Reporting Items for Systematic Reviews
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reason, maintaining vaccination services to prevent the outbreak of

VPDs which could be potentially life-threatening is vital for all coun-

tries.8 Several barriers are contributing to child immunization services

during the pandemic, including parental and provider concerns of

exposure to COVID infection, transportation restrictions, and rede-

ployment of healthcare resources to COVID-19.11 The WHO recom-

mends routine immunizations programs to be continuously provided

to maintain high levels of coverage under safe conditions.1,17 The pan-

demic must not be seen as an obstacle to compliance with routine

immunizations, but rather as a reminder of the importance of vaccina-

tion as an essential public health strategy for disease prevention.18,19

Among the financial consequences of VPDs can be diarrhea in chil-

dren under 5 years of age20 and febrile illness among under-five chil-

dren.21 A significant financial burden is borne by the families themselves

for the treatment of diarrhea in children under five due to a lack of medi-

cal insurance.20 It is important to monitor the cost of health care in dif-

ferent types of health centers. The high cost of treatment requires

adequate financial support for all as provided in the Global Health Cover-

age. There is room for indirect cost reduction through appropriate policy

decisions to increase access to and availability of healthcare services.21

We hypothesized that the routine vaccinate rates might have

declined due to the pandemic and its possible effects, such as fear of

getting infected and limited accessability related to the quarantines.

Therefore, The objective of this systematic review was to identify and

summarize the impacts of the COVID-19 pandemic on routine vacci-

nation coverage of children and adolescents.

2 | METHODS

2.1 | Overview

This study was conducted according to the Preferred Reporting Items

for Systematic Reviews 2020 guidelines. We conducted a systematic

search for relevant studies using the keywords on databases of PubMed,

Web of Science, and Cochrane on May 22, 2021. The relevant records,

based on the inclusion criteria, were retrieved and imported into the

EndNote software for further screening. The screening process consisted

of two phases: first, the researchers identified the eligible studies based

on their title and abstract. Then, they carefully read the full-texts of the

studies and included the eligible articles for this systematic review. A

summary of included studies was then extracted into a table.

2.2 | Search strategy

We searched the title/abstract for a combination of relevant key-

words such as “COVID-19,” “vaccination,” and “pediatrics, adoles-
cent.” The final search strategy is illustrated in line [D].

A. [COVID-19] OR [SARS-CoV-2] OR [SARS-CoV2] OR [2019-nCoV]

B. [Vaccine] OR [Vaccination] OR [Immunization] OR [Active

immunization]

C. [Pediatrics] OR [Child] OR [Children] OR [Adolescent] OR [Teen]

OR [Teens] OR [Teenager] OR [Teenagers] OR [Youth]

D. [A] AND [B] AND [C]

2.3 | Study selection

We included the original articles that evaluated the effects of the

COVID-19 pandemic on vaccine coverage of children and adoles-

cents. Articles from any languages and from the start of the pandemic

(December 2019) until May 22 were included. The exclusion criteria

were as follows:

1. Reviews, meta-analyses, and any studies without original data;

2. Abstracts or other studies lacking available full texts;

3. Case reports;

4. Studies on the adult population;

5. Pure laboratory or animal studies without clinical data;

6. Studies not related to routine vaccinations, for example, those

related to COVID-19 vaccines.

2.4 | Data extraction

We extracted and summarize the following information into a table:

authors' names, study type (eg, cross-sectional), country of study,

study population, patient mean age and sex, type of vaccines, vaccine

coverage before and after the COVID pandemic, a summary of main

findings. Measured viral load, and disease outcome, and gathered

them in a specifically designed sheet. Data extraction was performed

by three independent researchers and another researcher reviewed

the tables and resolved any possible discrepancies.

3 | RESULTS

In this review, 863 documents were identified using a systematic sea-

rch strategy. In the preliminary review, 284 duplicates were removed,

and the title and abstract of the remaining were reviewed during

which 548 studies were excluded. Finally, after full-text articles were

assessed for eligibility, 26 studies were included (Figure 1). These

studies explored the impact of the COVID-19 pandemic on vaccina-

tion coverage of children and were conducted in the USA (n = 4),

Saudi Arabia (n = 3), Japan (n = 2), Brazil (n = 2), Ethiopia (n = 2), the

Republic of Korea (n = 1), Singapore (n = 1), China (n = 1), Morocco

(n = 1), Italy (n = 1), the African region (n = 1), Switzerland (n = 1),

Pakistan (n = 1), Sweden (n = 1), Sierra Leone (n = 1), Turkey (n = 1),

India (n = 1), and between countries (n = 1). From 26 included studies,

21 reported decreasing in vaccination due to the COVID-19 pan-

demic, three studies show increases or no major changes in the influ-

enza vaccination rate,22–24 and two studies from Brazil25 and

Sweden26 did not provide strong evidence that the COVID-19 pan-

demic affected the immunization of children (Table 1).

SEYEDALINAGHI ET AL. 3 of 12



T
A
B
L
E
1

D
et
ai
ls
o
f
th
e
in
cl
ud

ed
st
ud

ie
s

ID

Fi
rs
t
au

th
o
r

(r
ef
er
en

ce
)

T
yp

e
o
f
st
ud

y
C
o
un

tr
y

St
ud

y
po

pu
la
ti
o
n
(N
)

M
ea

n
A
ge

(%

ye
ar
s)

Fe
m
al
e
(%

)
T
yp

e
o
f
va

cc
in
e

V
ac
ci
na

ti
o
n
co

ve
ra
ge

be
fo
re

2
0
1
9
(%

)

V
ac
ci
na

ti
o
n
co

ve
ra
ge

af
te
r

2
0
1
9
(%

)
Su

m
m
ar
y
o
f
fi
n
d
in
gs

1
A
hm

ed
,T

2
7

C
o
ho

rt
B
an

gl
ad

es
h,

N
ig
er
ia
,a
nd

So
ut
h
A
fr
ic
a

D
at
a
fr
o
m

th
e
n
at
io
na

l

he
al
th

m
an

ag
em

en
t

in
fo
rm

at
io
n
sy
st
em

o
f

B
an

gl
ad

es
h
an

d
2

te
ac
hi
ng

ho
sp
it
al
s

bo
th

in
N
ig
er
ia
&

So
ut
h
A
fr
ic
a

N
/A

N
/A

M
ea

sl
es

an
d
ru
be

lla
#1

3
.5
%

in
M
ar
ch

#5
0
.4
%

in
A
p
ri
l

T
h
er
e
w
as

a
re
d
u
ct
io
n
in

u
ti
liz
at
io
n
o
f

an
te
n
at
al
ca
re

an
d
im

m
u
n
iz
at
io
n

d
u
ri
n
g
A
p
ri
l/
M
ay

2
0
2
0

2
A
lm

o
o
sa
,Z

.2
8

C
ro
ss
-s
ec
ti
o
na

l

st
ud

y

Sa
ud

iA
ra
bi
a

3
7
8
ch

ild
re
n

0
-6

ye
ar
s

4
7
.4
%

B
ir
th

va
cc
in
e,

2
,4

,6
,9

,1
2
,

1
8
m
o
nt
hs

2
an

d
4
-6

ye
ar
s
va
cc
in
e

2
5
.4
%

ha
ve

p
re
vi
o
u
sl
y

de
la
ye

d
th
ei
r
ch

ild

va
cc
in
at
io
n

7
4
.6
%

no
t
d
el
ay
ed

6
6
.9
%

A
lm

o
st

3
3
%

o
f
p
ar
en

ts
d
id

n
o
t

va
cc
in
at
e
th
ei
r
ch

ild
re
n
d
u
ri
ng

th
e

p
an

d
em

ic

T
h
er
e
m
ig
h
t
b
e
an

as
so
ci
at
io
n

b
et
w
ee

n
th
e
ed

u
ca
ti
o
na

ll
ev

el
o
f

p
ar
en

ts
an

d
ad

h
er
en

ce
to

ro
u
ti
n
e

va
cc
in
at
io
n
o
f
ch

ild
re
n

3
A
lr
ab

ia
ah

,A
.2
9

R
et
ro
sp
ec
ti
ve

co
ho

rt

Sa
ud

iA
ra
bi
a

1
5
8
7
0

ch
ild

re
n

0
–1

ye
ar

N
/A

B
ir
th

va
cc
in
e,

2
,4

,6
,9

,

1
2
m
o
nt
hs

va
cc
in
es

4
7
1
2
va
cc
in
at
io
n
vi
si
ts

1
7
3
5
va
cc
in
at
io
n
vi
si
ts

#4
9
.9
3
%

in
M
ar
ch

#7
1
.9
%

in
A
p
ri
l

#6
8
.5
%

in
M
ay

R
ed

u
ct
io
n
o
f
va
cc
in
at
io
n
s
fo
r
b
ir
th

2
,

4
,6

,9
,a
n
d
1
2
m
o
n
th
s
w
er
e
1
6
.5
%
,

8
0
.5
%
,7

4
.7
%

7
2
.9
%
,8

0
%
,a
n
d

7
4
.1
%
,r
es
p
ec
ti
ve

ly

4
A
ls
uh

ai
ba

ni
,M

.3
0

C
ro
ss
-s
ec
ti
o
na

l

st
ud

y

Sa
ud

iA
ra
bi
a

7
4
9
pa

re
nt
s

0
–2

ye
ar
s

P
ar
en

ts
:4

9
.8
%

(3
1
-4
0
ye

ar
s)

M
o
th
er
s:
8
2
.6
%

C
hi
ld
re
n:

N
/A

B
ir
th

va
cc
in
e,

2
,4

,6
,9

,1
2
,1

8
,

2
4
m
o
nt
hs

va
cc
in
es

7
3
.2
%

T
h
e
C
O
V
ID

-1
9
p
an

d
em

ic
af
fe
ct
ed

th
e

ti
m
el
in
es

o
f
im

m
u
n
iz
at
io
n
in

Sa
u
d
i

A
ra
b
ia

5
A
lv
es
,J
.2
5

Sh
o
rt co
m
m
un

ic
at
io
n

B
ra
zi
l

N
/A

0
–1

ye
ar

N
/A

V
ac
ci
na

ti
o
n
pr
o
gr
am

o
f

ch
ild

re
n
un

de
r
1
ye

ar

T
he

m
ax
im

um
n
u
m
b
er

o
f
do

se
s
p
er

ch
ild

w
as

1
3
in

M
ar
ch

2
0
1
7

M
in
im

u
m

o
f
7
d
o
se
s
p
er

ch
ild

in
D
ec
em

b
er

2
0
1
9

T
h
is
an

al
ys
is
d
id

n
o
t
p
ro
vi
d
e
st
ro
n
g

ev
id
en

ce
th
at

th
e
C
O
V
ID

-1
9

p
an

d
em

ic
af
fe
ct

th
e
im

m
u
n
iz
at
io
n

o
f
B
ra
zi
lia
n
ch

ild
re
n
at

th
e
n
at
io
n
al

le
ve

l

6
B
ra
m
er
,C

.3
1

C
o
ho

rt
U
S

9
2
6
9
av
er
ag
e
fo
r
ea

ch

co
ho

rt

0
–2

ye
ar
s

N
/A

1
,3

,5
,7

,1
6
,1

9
,a
nd

2
4
m
o
nt
hs

F
o
r
ag
e
5
m
o
n
th
:

av
er
ag
e
6
6
–6

7
%

1
6
m
o
nt
hs
:7

6
.1
%

5
m
o
n
th
s:
4
9
.7
%

1
6
m
o
n
th
s:
7
0
.9
%

V
ac
ci
n
at
io
n
co

ve
ra
ge

d
ec
lin

ed
in

al
l

ag
e
co

h
o
rt
s
ex

ce
p
t
fo
r
th
e
b
ir
th

d
o
se

o
f
h
ep

at
it
is
B
co

ve
ra
ge

(w
h
ic
h
is
ad

m
in
is
te
re
d
in

th
e

h
o
sp
it
al
at

b
ir
th
)

7
B
uo

ns
en

so
,D

.3
2

R
et
ro
sp
ec
ti
ve

cr
o
ss

se
ct
io
na

ls
tu
dy

Si
er
ra

Le
o
ne

A
bo

ut
5
0
0
0

0
–5

ye
ar
s

N
/A

V
ac
ci
na

ti
o
n
pr
o
gr
am

o
f

ch
ild

re
n
un

de
r
5
ye

ar
s

#5
0
–8

0
%

5
0
–8

0
%

d
ro
p
in

va
cc
in
at
io
n
in

2
0
2
0

co
m
p
ar
ed

to
2
0
1
9

8
C
ar
ia
s,
C
.3
3

C
o
ho

rt
U
S

N
/A

N
/A

N
/A

M
ea

sl
es

8
5
%

5
0
%

M
ea

sl
es

va
cc
in
at
io
n
co

ve
ra
ge

d
ec
re
as
ed

9
C
ha

nd
ir
,S

.3
4

C
ro
ss

se
ct
io
na

l

st
ud

y

P
ak
is
ta
n

>
3
.1

m
ill
io
n
ch

ild
re
n

en
ro
lle
d

0
–2

3
m
o
nt
h

N
/A

B
C
G
,P

o
lio

,p
en

ta
,P

C
V
1
0
,

ro
ta
vi
ru
s,
an

d
m
ea

sl
es

#5
2
.5
%

T
h
er
e
w
as

a
5
2
.5
%

d
ec
lin

e
in

va
cc
in
at
io
n
s
an

d
th
e
h
ig
h
es
t

d
ec
lin

e
w
as

se
en

fo
r
B
C
G
(4
0
.6
%
)

1
0

R
us
so
,R

.3
5

C
ro
ss

se
ct
io
na

l

st
ud

y

R
o
m
e,

It
al
y

1
4
7
4

0
–1

1
ye

ar
s

N
/A

ch
o
le
ra
,m

ea
sl
es
,

m
en

in
gi
ti
s,
po

lio
,

te
ta
nu

s,
ty
ph

o
id
,a
nd

ye
llo

w
fe
ve

r

N
/A

N
o
rt
h
o
f
It
al
y
(3
3
.8
9
),

C
en

tr
e
o
f

It
al
y,
2
6
,4
2
So

u
th

o
f
It
al
y

(4
0
.0
9
)

M
o
re

th
an

o
n
e
th
ir
d
(3
4
%
)o

f
th
em

sk
ip
p
ed

th
e
va
cc
in
e
ap

p
o
in
tm

en
t

as
th
ey

w
er
e
af
ra
id

o
f
SA

R
S-
C
o
V
-

2
-v
ir
u
s
(4
4
%
),
va
cc
in
at
io
n
se
rv
ic
es

p
o
st
po

n
ed

th
e
ap

p
o
in
tm

en
t

(4
2
%
)o

r
w
as

cl
o
se
d
to

th
e
p
u
b
lic

(1
3
%
)

4 of 12 SEYEDALINAGHI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

ID

Fi
rs
t
au

th
o
r

(r
ef
er
en

ce
)

T
yp

e
o
f
st
ud

y
C
o
un

tr
y

St
ud

y
po

pu
la
ti
o
n
(N
)

M
ea

n
A
ge

(%

ye
ar
s)

Fe
m
al
e
(%

)
T
yp

e
o
f
va

cc
in
e

V
ac
ci
na

ti
o
n
co

ve
ra
ge

be
fo
re

2
0
1
9
(%

)

V
ac
ci
na

ti
o
n
co

ve
ra
ge

af
te
r

2
0
1
9
(%

)
Su

m
m
ar
y
o
f
fi
n
d
in
gs

1
1

Se
ile
r,
M
.2
2

C
ro
ss

se
ct
io
na

l

st
ud

y

Sw
it
ze
rl
an

d
6
6
2

N
/A

N
/A

In
fl
ue

nz
a

7
.2
%

(4
7
/6

5
4
)

2
0
.4
%

(1
3
4
/6

5
7
).

T
h
e
m
aj
o
ri
ty

o
f
ch

ild
re
n
(9
2
%
;

6
0
2
/6

5
4
)w

er
e
up

-t
o
-d
at
e
o
n
th
ei
r

va
cc
in
at
io
n
sc
h
ed

u
le
.I
n

2
0
1
9
/2

0
2
0
,

7
.2
%

(4
7
/6

5
4
)w

er
e
va
cc
in
at
ed

ag
ai
n
st

in
fl
u
en

za
.C

h
ild

re
n

w
it
h
ch

ro
n
ic
ill
n
es
se
s
w
er
e
m
o
re

fr
eq

u
en

tl
y
va
cc
in
at
ed

th
an

h
ea

lt
h
y
ch

ild
re
n
(1
9
.2
%

vs
5
.6
%
;

P
=

.0
0
2
)

1
2

Si
lv
ei
ra

M
.F

.3
6

C
ro
ss
-s
ec
ti
o
na

l

st
ud

y

B
ra
zi
l

2
4
3
9

0
–3

ye
ar
s

1
1
8
0

(B
C
G
),
di
ph

th
er
ia
,t
et
an

us
,

pe
rt
us
si
s,
he

m
o
ph

ilu
s

in
fl
ue

nz
a
B
an

d
he

pa
ti
ti
s

B
,p

o
lio

,m
ea

sl
es
,

m
um

ps
,a
nd

ru
be

lla

va
cc
in
e

8
0
%

6
0
%

T
h
e
o
ve

ra
ll
re
sp
o
n
se

ra
te

in
th
e

n
at
io
nw

id
e
su
rv
ey

w
as

5
5
%
,

d
u
e
to

lo
gi
st
ic
d
if
fi
cu

lt
ie
s
d
u
ri
n
g
th
e

lo
ck
d
o
w
n
p
er
io
d
.N

o
fa
m
ily

m
em

b
er
s

w
er
e
at

h
o
m
e
in

2
2
%

o
f
th
e

h
o
u
se
ho

ld
s
an

d
in

an
o
th
er

2
3
%

th
e
re
si
d
en

ts
re
fu
se
d
to

u
n
d
er
go

a

te
st

fo
r
C
O
V
ID

an
ti
b
o
d
ie
s

1
3

So
ko

lR
.L
.2
3

C
ro
ss

se
ct
io
na

l

st
ud

y

U
S

1
8
9
3

ag
es

6
m
o
nt
hs

to
5
ye

ar
s

9
1
2

In
fl
ue

nz
a

2
5
%

3
8
%

T
h
e
C
O
V
ID

-1
9
p
an

d
em

ic
al
o
n
e
d
o
es

n
o
t
ap

p
ea

r
su
ff
ic
ie
n
t
to

en
co

u
ra
ge

th
e
u
p
ta
ke

o
f
p
ed

ia
tr
ic
se
as
o
n
al

in
fl
u
en

za
va
cc
in
at
io
n
.

1
4

T
eg

eg
ne

A
.W

.3
7

C
ro
ss

se
ct
io
na

l

st
ud

y

E
th
io
pi
a

1
3
0
0

A
ge

d
1
0
–

2
3
m
o
nt
hs

N
/A

(B
C
G
),
di
ph

th
er
ia
,t
et
an

us
,

pe
rt
us
si
s,
he

m
o
ph

ilu
s

in
fl
ue

nz
a
B
an

d
he

pa
ti
ti
s

B
,p

o
lio

,m
ea

sl
es
,

m
um

ps
,a
nd

ru
be

lla

va
cc
in
e

F
ro
m

al
lt
h
e
re
sp
o
n
d
en

ts
,

1
1
1
0
(8
5
.4
%
)t
o
o
k
b
o
th

B
C
G
an

d
O
P
V
va
cc
in
es
,

fr
o
m

1
1
1
0
B
C
G
st
ar
te
d

ch
ild

re
n
o
n
ly

7
9
8

(7
1
.8
%
)o

f
th
e
ch

ild
re
n

co
m
p
le
te

th
ei
r

im
m
u
n
iz
at
io
n
.O

f
th
e

to
ta
l1

3
0
0
ch

ild
re
n,

1
9
0

(1
4
.6
%
)o

f
th
em

w
er
e

n
o
t
ta
ki
n
g
an

y
va
cc
in
e

at
al
l.
O
ve

ra
ll
1
0
8
8

(8
3
.7
%
)o

f
th
em

re
ce
iv
ed

b
o
th

P
C
V
o
n
e

an
d
P
en

ta
o
n
e,
1
0
8
2

(8
3
.2
%
)r
ec
ei
ve

d
ro
ta
1

an
d
7
9
8
(6
1
.4
%
)

re
ce
iv
ed

m
ea

sl
es

va
cc
in
e.

V
ar
ia
b
le
s
si
gn

if
ic
an

tl
y
as
so
ci
at
ed

w
it
h

in
co

m
p
le
te

im
m
u
n
iz
at
io
n
am

o
n
g

ch
ild

re
n
ag
ed

1
0
–2

3
m
o
n
th
s
w
er
e

ti
m
e
w
ai
ti
n
g
at

a
h
ea

lt
h
fa
ci
lit
y,

p
la
ce

o
f
d
el
iv
er
y,
ed

u
ca
ti
o
na

l

st
at
u
s
o
f
th
e
w
o
m
en

,n
o
t

u
n
d
er
st
an

d
in
g
th
e
se
p
ar
at
io
n
ca
re

o
f
C
O
V
ID

-1
9

1
5

Y
u
J.
H
.3
8

C
ro
ss
-s
ec
ti
o
na

l

st
ud

y

R
ep

ub
lic

o
f
K
o
re
a

N
/A

U
nd

er
th
e
ag
e
o
f

6
ye

ar
s

N
/A

(B
C
G
),
di
ph

th
er
ia
,t
et
an

us
,

pe
rt
us
si
s,
H
ep

at
it
is
B
,

po
lio

,m
ea

sl
es
,m

um
ps
,

ru
be

lla
,D

T
aP

,I
P
V
,P

V
C
,

M
M
R
,J
E

(9
7
%
)

T
h
e
va
cc
in
at
io
n
ra
te

in
ch

ild
re
n
ag
ed

0
–3

5
m
o
n
th
s
in

K
o
re
a

d
id

n
o
t
d
ec
re
as
e
si
gn

if
ic
an

tl
y,

w
h
er
ea

s
th
e
va
cc
in
at
io
n
ra
te

fo
r

ch
ild

re
n
ag
ed

4
–6

ye
ar
s
d
ec
re
as
ed

b
y
1
.4
-1
.9
%
.T

h
e
o
ve

ra
ll
in
ci
d
en

ce

o
f
V
P
D
s
d
ec
re
as
ed

b
y
1
0
–5

0
%

(C
o
nt
in
u
es
)

SEYEDALINAGHI ET AL. 5 of 12



T
A
B
L
E
1

(C
o
nt
in
ue

d)

ID

Fi
rs
t
au

th
o
r

(r
ef
er
en

ce
)

T
yp

e
o
f
st
ud

y
C
o
un

tr
y

St
ud

y
po

pu
la
ti
o
n
(N
)

M
ea

n
A
ge

(%

ye
ar
s)

Fe
m
al
e
(%

)
T
yp

e
o
f
va

cc
in
e

V
ac
ci
na

ti
o
n
co

ve
ra
ge

be
fo
re

2
0
1
9
(%

)

V
ac
ci
na

ti
o
n
co

ve
ra
ge

af
te
r

2
0
1
9
(%

)
Su

m
m
ar
y
o
f
fi
n
d
in
gs

b
et
w
ee

n
2
0
1
9
an

d
2
0
2
0
,

es
p
ec
ia
lly

w
it
h

va
ri
ce
lla

1
6

Z
ho

ng
Y
.3
9

M
ul
ti
ce
nt
er

re
tr
o
sp
ec
ti
ve

co
ho

rt

Si
ng

ap
o
re

N
/A

1
2
-m

o
nt
h
to

2
-y
ea

r-
o
ld
s

N
/A

M
M
R
V
va
cc
in
e,
th
e

pe
nt
av
al
en

t

D
ip
ht
he

ri
a-
T
et
an

us
-

P
er
tu
ss
is
-i
na

ct
iv
at
ed

P
o
lio

-

H
ae
m
op

hi
lu
s
in
flu

en
za

(5
-i
n-

1
)v

ac
ci
ne

,i
nc

lu
di
ng

th
e

he
xa
va
le
nt

D
ip
ht
he

ri
a-
T
et
an

us
-

P
er
tu
ss
is
-i
na

ct
iv
at
ed

P
o
lio

-H
ae
m
op

hi
lu
s

in
flu

en
za
-h
ep

at
it
is
B

(6
-i
n-
1
),
an

d
th
e

1
3
-v
al
en

t
P
ne

um
o
co

cc
al

co
nj
ug

at
e
va
cc
in
e

T
h
e
au

th
o
rs

fo
u
n
d
a
2
5
.6
%

to
7
3
.6
%

d
ro
p
in

M
M
R
u
p
ta
ke

ra
te
s,
0
.4
–

1
0
.3
%

d
ro
p
fo
r
D
ip
h
th
er
ia
-T
et
an

u
s-

P
er
tu
ss
is
-i
n
ac
ti
va
te
d
P
o
lio

-

H
ae
m
op

hi
lu
s
in
flu

en
za

(5
-i
n
-1
),
an

d

8
.0
-6
7
.8
%

d
ro
p
fo
r
P
C
V
ac
ro
ss

al
l3

si
te
s.

C
o
n
se
q
u
en

t
h
er
d
im

m
u
n
it
y

re
d
u
ce
s

to
7
4
–8

4
%

am
o
n
g
1
2
-m

o
n
th
-
to

2
-y
ea

r-
o
ld
s,
w
el
lb

el
o
w

th
e
9
5
%

co
ve

ra
ge

th
at

is
p
ro
te
ct
iv
e
fo
r

m
ea

sl
es

1
7

N
.C

he
kh

la
bi

4
0

C
ro
ss
-s
ec
ti
o
na

l

st
ud

y

M
o
ro
cc
o

1
0
3
pe

di
at
ri
ci
an

s
3
9

8
2
.5
%

1
,2

,3
,4

,9
,1

2
,1

8
m
o
nt
hs

8
2
.5
%

o
f
p
ar
en

ts
w
er
e

h
es
it
an

t
to

co
m
e
to

th
e

o
ff
ic
e
to

ge
t
th
e
va
cc
in
e,

6
%

re
fu
se
d
to

d
o
th
e

va
cc
in
e
d
u
ri
n
g
th
e

C
O
V
ID

1
9
p
er
io
d
an

d

1
1
.5
%

o
f
p
ar
en

ts
,o

n
th
e

o
th
er

h
an

d
,i
n
si
st
ed

o
n

d
o
in
g
th
e
va
cc
in
e
o
n

ti
m
e

P
ed

ia
tr
ic
ia
n
s
q
u
ic
kl
y
ch

an
ge

d
th
ei
r

va
cc
in
at
io
n
st
ra
te
gy

in
fa
vo

r
o
f

st
re
n
gt
h
en

in
g
an

d
ca
tc
h
in
g
u
p
in

o
rd
er

to
co

m
p
en

sa
te

fo
r
th
is

sl
ac
ke

n
in
g

1
8

F
al
ke

ns
te
in

H
ag
an

de
r
K
.2
6

C
ro
ss
-s
ec
ti
o
na

l
Sw

ed
en

2
1
R
eg

io
na

lc
hi
ld

he
al
th

o
ff
ic
es

M
ea

sl
es

m
um

ps
ru
be

lla

va
cc
in
e

di
ph

th
er
ia
-t
et
an

us
-

pe
rt
us
si
s-
po

lio

#9
0
%

T
h
e
Sw

ed
is
h
im

m
u
n
iz
at
io
n
p
ro
gr
am

w
as

re
si
lie
n
t
d
u
ri
n
g
th
e
ea

rl
y

C
O
V
ID

-1
9
p
an

de
m
ic
,t
h
an

ks
to

su
st
ai
n
ab

le
o
rg
an

iz
at
io
n
co

-

o
rd
in
at
ed

b
y
Sw

ed
en

’s
n
et
w
o
rk

o
f

re
gi
o
n
al
ch

ild
h
ea

lt
h
o
ff
ic
es
.

1
9

H
o
u
Z
.2
4

C
ro
ss
-s
ec
ti
o
na

l

o
nl
in
e
su
rv
ey

st
ud

y

C
hi
na

1
6
5
5
ch

ild
re
n
ag
ed

3
to

1
7
ye

ar
s

3
–1

7
5
0
%

In
fl
ue

nz
a

D
ur
in
g
th
e
2
0
1
9
fl
u

se
as
o
n,

5
4
.7
%

(9
0
5
/1

6
5
5
)o

f

fa
m
ili
es

h
ad

ta
ke

n

th
ei
r
ch

ild
re
n
o
r

ad
o
le
sc
en

ts
to

re
ce
iv
e
th
e

in
fl
ue

nz
a

va
cc
in
at
io
n

8
0
.9
%

(1
3
3
9
/1

6
5
5
)o

f

p
ar
en

ts
in
te
n
d
ed

to

va
cc
in
at
e
th
ei
r
ch

ild
re
n

o
r
ad

o
le
sc
en

ts
ag
ai
n
st

in
fl
u
en

za
in

th
e
fu
tu
re

af
te
r
th
e
ep

id
em

ic
,a

ra
te

m
u
ch

h
ig
h
er

th
an

th
at

b
ef
o
re

th
e
ep

id
em

ic

P
re
ve

n
ti
o
n
b
eh

av
io
rs

an
d
at
ti
tu
d
es

to
w
ar
d
in
fl
u
en

za
va
cc
in
at
io
n
h
av
e

im
p
ro
ve

d
d
u
ri
n
g
th
e
C
O
V
ID

-1
9

ep
id
em

ic
.P

u
b
lic

h
ea

lt
h
p
re
ve

n
ti
o
n

m
ea

su
re
s
sh
o
u
ld

b
e
co

n
ti
n
u
o
u
sl
y

p
ro
m
o
te
d,

p
ar
ti
cu

la
rl
y
am

o
n
g
gi
rl
s,

p
ar
en

ts
w
it
h
lo
w
er

ed
u
ca
ti
o
n

le
ve

ls
,a
n
d
la
rg
er

fa
m
ili
es
.

M
ea

n
w
h
ile
,m

is
in
fo
rm

at
io
n
ab

o
u
t

C
O
V
ID

-1
9
re
m
ai
n
s
a
se
ri
o
u
s

ch
al
le
n
ge

an
d
n
ee

d
s
to

b
e

ad
d
re
ss
ed

b
y
p
u
b
lic

h
ea

lt
h

st
ak
eh

o
ld
er
s

6 of 12 SEYEDALINAGHI ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

ID

Fi
rs
t
au

th
o
r

(r
ef
er
en

ce
)

T
yp

e
o
f
st
ud

y
C
o
un

tr
y

St
ud

y
po

pu
la
ti
o
n
(N
)

M
ea

n
A
ge

(%

ye
ar
s)

Fe
m
al
e
(%

)
T
yp

e
o
f
va

cc
in
e

V
ac
ci
na

ti
o
n
co

ve
ra
ge

be
fo
re

2
0
1
9
(%

)

V
ac
ci
na

ti
o
n
co

ve
ra
ge

af
te
r

2
0
1
9
(%

)
Su

m
m
ar
y
o
f
fi
n
d
in
gs

2
0

K
ar
a
A
.4
1

R
et
ro
sp
ec
ti
ve

cr
o
ss
-

se
ct
io
na

ls
tu
dy

T
ur
ke

y
F
am

ily
pr
ac
ti
ti
o
ne

rs
,

pe
di
at
ri
ci
an

s,
an

d

pe
di
at
ri
c
in
fe
ct
io
us

di
se
as
e
sp
ec
ia
lis
ts

V
ac
ci
n
at
io
n
ra
te
s
in

A
n
ka
ra

h
av
e
d
ec
re
as
ed

2
–5

%

d
u
ri
n
g
th
e
p
an

d
em

ic
,

an
d
th
e
gr
ea

te
st

d
ec
re
as
e
w
as

o
b
se
rv
ed

fo
r
va
cc
in
es

ad
m
in
is
te
re
d
af
te
r

1
8
m
o
n
th
s
o
f
ag
e

2
1

K
it
an

o
T
.4
2

C
ro
ss

se
ct
io
na

l
Ja
pa

n
Ja
pa

ne
se

po
pu

la
ti
o
n

H
ae
m
op

hi
lu
s
in
flu

en
za
e

ty
pe

b

9
7
%

7
3
%

T
h
e
p
er
si
st
en

t
d
ec
lin

e
o
f
th
e
H
ib

va
cc
in
at
io
n
ra
te

d
u
e
to

C
O
V
ID

-1
9

ca
u
se
s
an

in
cr
em

en
ta
ld

is
ea

se

b
u
rd
en

ir
re
sp
ec
ti
ve

o
f
th
e
p
o
ss
ib
le

d
ec
lin

e
o
f
th
e
H
ib

tr
an

sm
is
si
o
n

ra
te

b
y
C
O
V
ID

-1
9
m
it
ig
at
io
n

m
ea

su
re
s.
R
ap

id
re
co

ve
ry

o
f

va
cc
in
at
io
n
co

ve
ra
ge

ra
te

ca
n

p
re
ve

n
t
th
is
p
o
ss
ib
le

in
cr
em

en
ta
l

d
is
ea

se
b
u
rd
en

2
2

K
it
an

o
T
.4
3

C
ro
ss
-s
ec
ti
o
na

l
Ja
pa

n
Ja
pa

ne
se

po
pu

la
ti
o
n

P
ne

um
o
co

cc
al
va
cc
in
e

A
p
er
si
st
en

t
d
ec
lin

e
in

th
e
ch

ild
h
o
o
d

p
n
eu

m
o
co

cc
al
va
cc
in
at
io
n
ra
te

d
u
e

to
th
e
im

p
ac
ts

o
f
C
O
V
ID

-1
9
co

u
ld

re
su
lt
in

an
in
cr
ea

se
in

th
e
IP
D

in
ci
d
en

ce
an

d
an

in
cr
em

en
ta
l

d
is
ea

se
b
u
rd
en

.T
h
es
e
in
cr
ea

se
s

ar
e
p
ri
m
ar
ily

b
ec
au

se
o
f
an

in
cr
ea

se
in

V
T
IP
D
.A

ra
p
id

re
co

ve
ry

in
th
e
va
cc
in
at
io
n

co
ve

ra
ge

ra
te

co
u
ld

p
re
ve

n
t
th
is

p
o
ss
ib
le

in
cr
ea

se
in

th
e
d
is
ea

se

b
u
rd
en

.S
u
st
ai
n
in
g
a
h
ig
h

p
n
eu

m
o
co

cc
al
va
cc
in
at
io
n
ra
te

is

im
p
o
rt
an

t
fo
r
m
in
im

iz
in
g
th
e

d
is
ea

se
b
u
rd
en

o
f
ch

ild
h
o
o
d
IP
D
,

ev
en

th
o
u
gh

th
e
im

p
ac
t
o
f

va
cc
in
at
io
n
ap

p
ea

rs
to

b
e
m
in
im

al

d
u
e
to

se
ro
ty
p
e
re
p
la
ce
m
en

t

2
3

M
as
re
sh
a
B
.G

.4
4

C
ro
ss
-s
ec
ti
o
na

l
A
fr
ic
an

co
un

tr
ie
s

A
fr
ic
an

po
pu

la
ti
o
n

D
ip
ht
he

ri
a-
pe

rt
us
si
s-

te
ta
nu

s

m
ea

sl
es

1
3
o
f
th
e
1
5
co

u
n
tr
ie
s

sh
o
w
ed

a
d
ec
lin

e
in

th
e

m
o
n
th
ly
av
er
ag
e

n
u
m
b
er

o
f
va
cc
in
e

d
o
se
s
p
ro
vi
d
ed

,w
it
h
6

co
u
n
tr
ie
s
h
av
in
g
m
o
re

th
an

1
0
%

d
ec
lin

e.
N
in
e

co
u
n
tr
ie
s
h
ad

a
lo
w
er

m
o
n
th
ly
m
ea

n
o
f

re
ci
p
ie
n
ts

o
f
fi
rs
t
d
o
se

m
ea

sl
es

va
cc
in
at
io
n
in

th
e
se
co

n
d
q
u
ar
te
r
o
f

2
0
2
0
as

co
m
p
ar
ed

to

th
e
fi
rs
t
q
u
ar
te
r.
G
u
in
ea

,

C
o
u
n
tr
ie
s
w
it
h
lo
w
er

im
m
u
n
iz
at
io
n

co
ve

ra
ge

in
th
e
p
re
-C

O
V
ID

p
er
io
d

ex
p
er
ie
n
ce
d
la
rg
er

d
ec
lin

es
in

th
e

n
u
m
b
er

o
f
ch

ild
re
n
va
cc
in
at
ed

im
m
ed

ia
te
ly

af
te
r
th
e
C
O
V
ID

-1
9

p
an

d
em

ic
w
as

d
ec
la
re
d
.P

ro
lo
ng

ed

an
d
si
gn

if
ic
an

t
re
d
u
ct
io
n
in

th
e

n
u
m
b
er

o
f
ch

ild
re
n
va
cc
in
at
ed

p
o
se
s
a
se
ri
o
u
s
ri
sk

fo
r
o
u
tb
re
ak
s

su
ch

as
m
ea

sl
es
.C

o
u
n
tr
ie
s
sh
o
u
ld

m
o
n
it
o
r
co

ve
ra
ge

tr
en

d
s
at

n
at
io
na

la
n
d
su
b
n
at
io
n
al
le
ve

ls
,a
n
d

u
n
d
er
ta
ke

ca
tc
h
-u
p
va
cc
in
at
io
n

ac
ti
vi
ti
es

to
en

su
re

th
at

ch
ild

re
n

(C
o
nt
in
u
es
)

SEYEDALINAGHI ET AL. 7 of 12



T
A
B
L
E
1

(C
o
nt
in
ue

d)

ID

Fi
rs
t
au

th
o
r

(r
ef
er
en

ce
)

T
yp

e
o
f
st
ud

y
C
o
un

tr
y

St
ud

y
po

pu
la
ti
o
n
(N
)

M
ea

n
A
ge

(%

ye
ar
s)

Fe
m
al
e
(%

)
T
yp

e
o
f
va

cc
in
e

V
ac
ci
na

ti
o
n
co

ve
ra
ge

be
fo
re

2
0
1
9
(%

)

V
ac
ci
na

ti
o
n
co

ve
ra
ge

af
te
r

2
0
1
9
(%

)
Su

m
m
ar
y
o
f
fi
n
d
in
gs

N
ig
er
ia
,G

h
an

a,
A
n
go

la
,

G
ab

o
n
,a
n
d
So

u
th

Su
d
an

ex
p
er
ie
n
ce
d
a
d
ro
p
in

th
e
m
o
n
th
ly

n
u
m
b
er

o
f

ch
ild

re
n
va
cc
in
at
ed

fo
r

D
P
T
3
an

d
/o

r
M
C
V
1
o
f

gr
ea

te
r
th
an

2
st
an

d
ar
d

d
ev

ia
ti
o
n
s
at

so
m
e
p
o
in
t

in
th
e
se
co

n
d
q
u
ar
te
r
o
f

2
0
2
0
as

co
m
p
ar
ed

to

th
e
m
ea

n
fo
r
th
e

m
o
n
th
s
Ja
n
u
ar
y–

Ju
n
e
o
f

2
0
1
8
an

d
2
0
1
9

w
h
o
h
av
e
m
is
se
d
sc
h
ed

u
le
d

va
cc
in
es

re
ce
iv
e
th
em

at
th
e

ea
rl
ie
st

p
o
ss
ib
le

ti
m
e

2
4

M
ir
et
u
D
.G

.4
5

C
ro
ss
-s
ec
ti
o
na

l
E
th
io
pi
a

6
3
3
ch

ild
re
n
ag
ed

1
5
–

2
3
m
o
nt
hs

A
ge

-e
lig
ib
le

va
cc
in
at
io
n
co

ve
ra
ge

d
u
ri
n
g
th
e
C
O
V
ID

-1
9
o
u
tb
re
ak

w
as

1
2
.5
%

lo
w
er

th
an

b
ef
o
re

th
e

o
u
tb
re
ak

2
5

O
’L
ea

ry
S.

T
.4
6

C
ro
ss

se
ct
io
na

l
U
SA

0
-1
8
ye

ar
s
o
ld

(H
ae

m
o
ph

ilu
si
nf
lu
en

za
e

ty
pe

b;
1
3
-v
al
en

t

pn
eu

m
o
co

cc
al

co
nj
ug

at
e;

an
d
m
ea

sl
es
,

m
um

ps
,a
nd

ru
be

lla

va
cc
in
es
)

In
in
d
iv
id
u
al
s
ag
ed

0
–2

ye
ar
s,
th
e
ra
te

o
f
im

m
u
n
iz
at
io
n
s
d
ro
p
p
ed

b
y
4
5
8
1

(9
5
%

C
I,
2
9
6
5
–6

1
9
6
)

im
m
u
n
iz
at
io
n
s
p
er

w
ee

k
(P

<
.0
0
1
).

In
in
d
iv
id
u
al
s
ag
ed

3
to

9
ye

ar
s,
it

d
ro
p
p
ed

b
y
2
4
8
6
(9
5
%

C
I,
5
6
8
–

4
4
0
8
)i
m
m
u
n
iz
at
io
n
s
p
er

w
ee

k

(P
>
.9
9
),
an

d
in

in
d
iv
id
u
al
s
ag
ed

1
0

to
1
7
ye

ar
s,
it
d
ro
p
p
ed

b
y
4
0
6
0

(9
5
%

C
I,
2
1
5
6
–5

9
6
5
)

im
m
u
n
iz
at
io
n
s
p
er

w
ee

k
(P

<
.0
0
1
)

2
6

Ja
in
,R

4
7

R
et
ro
sp
ec
ti
ve

cr
o
ss
-

se
ct
io
na

ls
tu
dy

In
di
a

2
1
4
4

C
hi
ld
re
n
un

de
r

1
ye

ar
o
ld

(c
hi
ld
re
n
th
at

tu
rn
ed

A
t
le
as
t

1
2
m
o
nt
hs

o
ld

be
tw

ee
n

Ja
nu

ar
y
an

d

O
ct
o
be

r
2
0
2
0
)

4
8
%

F
ir
st

ye
ar

im
m
un

iz
at
io
n
lik
e

m
ea

sl
es

7
4
.5
%

9
.7
%

to
1
4
.0
%

re
d
u
ct
io
n

d
u
ri
n
g
lo
ck
d
o
w
n

9
.7
%

to
1
4
.0
%

re
du

ct
io
n
o
f
fi
rs
t
ye

ar

im
m
u
n
iz
at
io
n
d
u
ri
n
g
lo
ck
d
o
w
n

D
ec
lin

e
is
la
rg
er

in
p
o
o
re
r
&
le
ss

ed
u
ca
te
d
fa
m
ili
es

D
u
ri
n
g
lo
ck

d
o
w
n
ch

ild
re
n
w
er
e
le
ss

lik
el
y
to

b
ei
m
m
u
n
iz
ed

at
o
r
b
ef
o
re

9
m
o
n
th
s
b
u
t
m
o
re

lik
el
y
to

b
e

im
m
u
-n
iz
ed

at
1
0
-1
2
m
o
n
th
s

C
o
ve

ra
ge

d
ro
p
p
ed

to
7
0
.4
%

an
d

6
4
.1
%

in
p
ar
ti
al
ly
ex

p
o
se
d
an

d

h
ea

vi
ly
ex

p
o
se
d
ch

ild
re
n

re
sp
ec
ti
ve

ly
an

d
in
cr
ea

se
d
to

7
1
%

in
p
o
st
ex

p
o
su
re

ch
ild

re
n

A
bb

re
vi
at
io
ns
:C

O
V
ID

-1
9
,c
o
ro
na

vi
ru
s
di
se
as
e
2
0
1
9
;I
P
D
,i
nv

as
iv
e
pn

eu
m
o
co

cc
al
di
se
as
e;

M
M
R
V
,m

ea
sl
es
-m

um
ps
-r
ub

el
la
-v
ar
ic
el
la
;P

C
V
,p

ne
um

o
co

cc
al
co

nj
ug

at
e
va
cc
in
e;

V
P
D
s,
va
cc
in
e-
pr
ev

en
ta
bl
e
di
se
as
es
.

8 of 12 SEYEDALINAGHI ET AL.



The present study results showed that the COVID-19 pandemic

significantly decreased the vaccination coverage in children.

4 | DISCUSSION

This review aimed to evaluate the vaccination coverage of pediat-

rics and the potential decline due to the COVID-19 pandemic.

Twenty-one of 26 studies included in this review revealed a

decrease in the children vaccination rate during the pandemic or

delay in vaccination,24,27–37,39–46 up to 80% decrease in some cases

compared to the time before the pandemic.29 The COVID-19 pan-

demic influenced the public health priorities and changed their

directions inadvertently; thus, many preventive programs failed to

continue and function properly as they did before.27Our findings

suggest the following reasons for this event:

1. Parental hesitation in well-child visits existed in almost all the stud-

ies reporting decreased immunization. Parents refused to bring

their children to vaccination centers due to fear of COVID infec-

tion32,39; some mothers even preferred to labor at home; there-

fore, the first vaccine doses were missed.32COVID-19 fear

overshadowed the importance of routine immunization in the pub-

lic eye in the UK during the pandemic.48 In a survey in Italy, 44%

of parents skipped their child’s immunization program due to

uncertainties about the safety of the immunization centers and the

risk of contacting COVID-19.35 Moreover, in a study from

Saudi Arabia, the main reason for vaccination delay was the unwill-

ingness of the parents to get their children vaccinated.30 Similar

behavior was observed in Singapore, Pakistan, and African coun-

tries.34,39,49 Reluctance toward health services has been reported

in past epidemics, and apparently the COVID-19 pandemic is not

an exception.50 Fear of contagion mixed with lack of information

or misinformation concerning both vaccination and COVID-19

raise the vaccine hesitancy.51 Prepandemic awareness-raising cam-

paigns regarding the importance of vaccination were suspended

due to some countries’ quarantine, further expanding the public

uncertainties toward vaccination.44

2. Social distancing policies and lockdown implementation contrib-

uted to disrupted immunization in high-income countries as many

healthcare centers were shut down. The US studies demonstrated

a decline in vaccination uptake after implementing the stay-at-

home orders and quarantine policies.18,33,52 A study in Colorado

showed a sharp decline in vaccination rate immediately after the

release of social distancing guidance.46 Canceled vaccine appoint-

ments due to closed health centers were reported in African coun-

tries, Pakistan, China, and Saudi Arabia.30,34,49,53 In Pakistan,

suspended transportation and cease in the outreach vaccination

program was reported to the reason for vaccination delay.34 While

in countries like Sweden, vaccine-providing centers were primarily

open during the lockdown, and in China, the 75% delay in vaccina-

tion was due to the closure of vaccination centers alongside the

public concerns about COVID-19.53 In this regard, Sweden

provided sustained national immunization programs during the

pandemic, while China did not have such programs for some time,

which may correlate to the observed changes in the subsequent

vaccination rates.26

3. Severe shortages of healthcare providers and disruptions in the

supply chain due to border closures and travel restrictions, contrib-

ute to disrupted immunization programs in many countries, espe-

cially developing countries.13 Developing countries with weaker

health systems are at greater risk of heath service disruptions.54

Redistribution of health workers and the budget was a major con-

tributing factor in declined vaccination rate in Pakistan and some

African countries.34,49 Some reports in developing countries

showed that most of the health budget and centers were diverted

on COVID-19, leaving little focus on other health services, includ-

ing vaccination.49 In Pakistan, postpandemic policies eliminated

outreach vaccination services by not sending vaccinators out. As a

result, a 79% decline in the vaccination rate of children using these

services happened, who were already at greater risk of missing

vaccination before the pandemic.34

4. The absence of clear guidelines and recommendations for non-

COVID-19 issues and ineffective communication between

healthcare staff and policy makers lead to confusion and heteroge-

nous decision making in health centers in some countries, including

Pakistan, Bangladesh, and Nigeria.34,49 Lack of personal protective

equipment, including masks, shields, and hand sanitizers for health

workers in the absence of comprehensive guidelines, made the

staff reluctant to engage with patients in primary health centers.

5. Despite the drop in uptake of most pediatric vaccines, influenza

vaccine demand increased in some countries.22,53 In a

postpandemic survey in Switzerland, parents expressed tremen-

dous enthusiasm for influenza vaccination of their children, more

than double the rate from the last year.22 Similar behavior was

observed in China, with 80% of parents in a study declaring their

willingness for the influenza vaccine.53 Moreover, a study in the

USA reported that parents with a history of vaccinating their chil-

dren against influenza intended to continue influenza vaccination

during pandemic.23 The global issue of COVID-19 seems to change

public behavior toward influenza vaccination in counties over-

whelmed by COVID-19 the most.22,24,55

A significant drop in vaccination rate, especially in the low-income

countries, may result in dangerous sequels regarding child health.32,34

It can potentially increase the mortality and morbidity from polio,

measles, and other VPDs, particularly in countries with low cover-

age.34 Subsequent outbreaks may occur when the vaccination cover-

age drops and this would impose an additional burden on the already

overloaded health system in the COVID-19 era.35 Concerning the

importance of immunization in children, not disrupting it even for a

short time, the WHO declared the immunization guideline during the

pandemic in the document “Guidance on routine immunization ser-

vices during COVID-19 pandemic in the WHO European Region”.56

In a study by Zhong et al., as high as 25.6% to 73.6% decline in

measles-mumps-rubella (MMR) vaccination was observed.39The
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vaccine coverage among 1-2 years old infants will be less than the tar-

get for herd immunity (95% coverage) given a missed MMR dose.

Thus, the emergence of measles outbreaks is not unimaginable, as

experienced before in not highly vaccinated populations.39,57 Also,

Kitano et al. warned about the consequences of a decline in Hib and

pneumococcal conjugate vaccine and projected an increase in the inci-

dence of Hib and invasive pneumococcal disease (IPD) and the related

burden of the disease if the decline in vaccination persists during the

pandemic.42,43

While most of our studies reported disruptions in routine pediat-

ric vaccination schedules, some countries sustained their immuniza-

tion program via catch-up strategies, only facing brief periods of

decline in immunization rate. In the Republic of Korea, the pediatric

vaccination program remained sustained due to the high-powered

national vaccination program and minimal cost of vaccination. Simi-

larly, the pediatric immunization program was proceeding on the usual

schedule in Switzerland and Sweden.22 In other studies, this sustained

vaccination was due to the fact that these studies merely evaluated

vaccination rate of newborns and infants. Given the fact that their

vaccines, including BCG and hepatitis B are administered at the labor

room, missing them seemed less likely.25,36

It appeared that the infants were less likely to miss their vaccina-

tion than older toddlers during the COVID pandemic.26,53 This may

suggest that parents put the vaccination of their infants at priority.

Besides, toddlers are more active than infants, thus at greater risk of

catching VPDs. Consequently, missed vaccinations and greater expo-

sure to diseases make older children a target population for potential

future outbreaks.

To avert the reported vaccination disruptions, World Health

Organization released guiding principles suggesting compensation

strategies for the disrupted immunization plan.58 Re-opening health

centers while gaining public trust in vaccination clinics is a milestone.

Several measures minimize the possibility of COVID-19 exposure in

the vaccination process. These include devoting places and times to

vaccination-only services, using safety protocols by the vaccinators,

limiting the number of people in clinics, and changing public percep-

tion of vaccination and consequences of the delay. Vaccination sites

can expand by adding in-car and in-home vaccination programs to the

routine in-clinic immunization or establishing mobile vaccination cen-

ters.26,59,60 Skipped pediatric vaccinations can be detected in elec-

tronic health records. By implementing the Reminder/Recall system,

parents can be informed via email, text messages, or phone calls dur-

ing the pandemic.61,62

Our study faced limitations mainly due to included studies' limita-

tions. Most of the included studies have a retrospective or cross-

sectional design, making it difficult to compare the vaccination cover-

age before and after the COVID-19 pandemic. In some included stud-

ies, parents involved in the study were not representatives of all

parents at the research site. Also, some studies reported a low rate of

response from the study population. In addition, the time period of

studies was short and only represented a specific period. In this

regard, studies are unable to differentiate between postponed or can-

celed vaccination. The trend of immunization among children and

fluctuation of vaccination is also different during multiple periods of

the pandemic.

5 | CONCLUSION

Most of the reports worldwide represent a decline or delay in vaccina-

tion during the COVID-19 pandemic. Continuation of childhood vacci-

nation programs is essential to the child’s health and must be

prioritized and sustained even during pandemics. A sustained catch-

up program is necessary, especially in low-income countries, to avoid

any vaccine dose missing. Facilitating the vaccination process is rec-

ommended, such as decreasing the waiting time for vaccination at the

health center, addressing the concerns and fears related to the

COVID-19 for parents, and enhancing vaccine availability, and pro-

moting access in remote areas. Timely and persistent vaccination is

the key to preventing future inadvertent epidemics from VPDs.
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