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ARTICLE INFO ABSTRACT

Keywords: The World Health Organization (WHO) recommends a minimum of 90% coverage of diphtheria three-dose
Diphtheria complete vaccination scheme (DPT) as part of routine immunization programs in children. However, diph-
Vaccination theria coverage in Peru has not reached the minimum recommended during the last decades. Our study aimed to
EDI;I?ES determine the complete three-dose DPT coverage and factors associated with compliance towards complete
Peru vaccination in Peru between 2010-2019. We conducted a secondary cross-sectional study using the “Encuesta

Demografica y de Salud Familiar (ENDES)”- Demographic and Family Health Survey, which is a survey that
targets mothers between 15 and 49 years of age. DPT vaccination coverage was 72.4% and several factors were
associated with the DPT scheme completion. Women in the age groups 18 to 24 (ORa = 2.31, 95%CI: 2.11-2.52),
25 to 34 (ORa = 3.37, 95% CI: 3.08-3.69), and 35 to 49 (ORa = 4.74, 95% CI: 4.29-5.22) were more likely to
complete their children's DPT vaccination scheme compared to those between 15 to 17 years of age. Both Spanish
(ORa = 1.39, 95% CI: 1.31-1.48) and Quechua (ORa = 1.34, 95% CI: 1.25-1.43) as first spoken language were
associated with DPT completion compared to native language speaking mothers. Women who worked (ORa =
1.72, 95% CI: 1.57-1.88), studied (ORa = 1.47, 95% CI: 1.33-1.62), or were housewives (ORa = 1.41, 95% CI:
1.29-1.54) during the previous week were more likely to complete their children's DPT scheme compared to
participants that did not work during the previous week. Women with the financial capability to access health
care were less likely to complete the DPT scheme (ORa = 0.95, 95% CI: 0.92-0.97). Considering the accessibility
to health care centers, women who knew the nearest location (ORa = 1.07, 95% CI: 1.03-1.11), had geographic
accessibility (ORa = 1.09, 95% CI: 1.06-1.13) or a current transport (ORa = 1.06, 95% CI: 1.02-1.09) were more
likely to complete their children ‘s DPT scheme. Our results highlight low diphtheria vaccine coverage levels in
Peru, with values lower than what is recommended by the WHO. Results may serve as a baseline for future studies
to improve vaccination programs, reduce barriers and increase DPT coverage in Peru.

1. Introduction Since 1974, the DPT three-dose vaccination program promoted by the

World Health Organization (WHO) was established in Peru to reduce

Diphtheria is a highly transmissible toxic-infectious disease whose
three-dose vaccination completion is recognized as a marker of preven-
tion effectiveness [1]. The diphtheria vaccine is included in the Peruvian
national pentavalent scheme, including Diphtheria, Pertussis, Tetanus,
Hepatitis B, and Haemophilus influenzae type b (DPT-HepB-Hib), which is
applied during the first months of age [2, 3]. DPT vaccine (Diphtheria,
Pertussis, and Tetanus) has two subsequent boosters scheduled at 18 and
48 months of age to increase the immune response, which completes the
three-dose vaccination scheme [2].
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diphtheria incidence, emphasizing its use in children under five years of
age, and a minimum coverage of 90% [3, 4, 5]. No diphtheria cases were
reported in Peru since 1999, which is consistent with the introduction of
the DPT vaccine in the Peruvian national vaccination scheme [6].
However, DPT vaccination between 2016-2019 achieved only 70-80%
coverage nationwide [7]. Several factors are associated with vaccine
program completion worldwide, including access to healthcare facilities,
hesitancy, and the emergence of other health priorities, which overall
decrease coverage rates [8, 9].
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During epidemiological weeks 44 and 45 of 2020, 16 suspected and
four confirmed cases were reported, along with a five-year-old girl who
died due to associated myocarditis, representing the first diphtheria cases
after more than 20 years of epidemiological silence [7]. Even though
diphtheria is a preventable disease among children, little is known about
the factors associated low diphtheria vaccine coverage in Peru, a country
known for its geographic variability and inequitable healthcare services
distribution [10]. This study aimed to determine the three-dose DPT
coverage and factors associated with compliance toward vaccination in
Peru between 2010-2019.

2. Materials and methods
2.1. Data collection

We performed a secondary cross-sectional study using data from the
2010-2019 editions of the “Encuesta Demografica y de Salud Familiar
(ENDES, Demographic and Family Health Survey)” including results on
diphtheria immunization, demographic, and household characteristics
(Supplementary material S1). ENDES is an annual, public survey carried
out by the Instituto Nacional de Estadistica e Informatica (INEI, Peru's-
National Institute of Statistics and Information). Results are considered a
representative estimate at a national and regional level [11]. For the
study, data from 133,884 women aged 15-49 years with at least one
live-born child and complete information regarding their diphtheria
vaccination scheme were included. All participants with duplicated or
missing data were dropped from the study (Figure 1). The specific

Women with at least one
liveborn child
by ENDES 2010-2019
(n=287,491)

-Women not between
15-49 years of age

> -Duplicated/missing data

(n=153,607)

A

Surveyed women By year of study

considered for analysis

2010: 7,620
(n=133,884)

2011: 7,561
2012: 8,000
2013.7,539
2014: 8,135
2015: 20,215
2016: 18,087
2017:18,513
2018:19,813
2019: 18,401

Figure 1. Flowchart of the selection of study participants, ENDES 2010-2019.
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sampling, processing, and data collection methods are detailed in the
ENDES technical report [12].

2.2. Statistical analysis

The outcome variable, complete DPT vaccination, was defined as a
child vaccinated with the three doses of the DPT vaccine and modelled as a
binary variable [3]. The following covariates were included: age in years
(15-17/18-24/25-34/35-49), first spoken language (Spanish/Quechua/-
others: Ashaninka, Awajun, Shipibo, Aimara, and others), highest educa-
tional level achieved (no education or elementary/secondary/higher),
marital status (single/cohabiting or married/divorced or widowed),
wealth index (low/middle/high), work related activities during the last
week (don't have a job/have a job/study/housewife), household's head
(child's mother/partner/grandfather or grandmother/other), region
(Lima/rest of the coastline/highlands/jungle), trimester of pregnancy (not
pregnant/first/second/third), last birth (in-hospital/out-of-hospital),
number of siblings, health insurance status (no insurance/Integrated
Health Insurance (SIS)/standard insurance), healthcare financial capa-
bility (yes/no), knowledge about the location of the nearest health center
(yes/no), geographic accessibility to the health center (yes/no), and hav-
ing a current private or public transport to the health center (yes/no).

Bivariate analysis was performed using Chi-square, Fisher Exact, and
Mann-Whitney tests as appropriate. A logistic regression model was
performed using the complete diphtheria vaccination scheme as the
outcome. Crude and adjusted odds ratios (OR) with their respective 95%
confidence intervals (CI) were calculated. The multiple regression model
included variables with a p-value <0.20 in the crude analysis. The vari-
ance inflation factor (VIF) was generated to diagnose multicollinearity
among the independent variables. A cut-off VIF equal to or greater than
ten indicated significant multicollinearity and unstable regression co-
efficients. Data management and statistical analysis were performed with
a 95% confidence level using STATA 16 (Stata Corp., College Station,
TX). All survey data were collected and analyzed anonymously.

2.3. Ethics statement

The ENDES survey is freely and publicly available. Our study involves
an analysis of secondary aggregated data in the public domain that does
not allow the identification of the participants. All ENDES surveys are
approved by the Ethics Committee (IRB) of the Demographic and Health
Surveys (DHS) Program, which ensures that the survey complies with the
U.S. Department of Health and Human Services regulations for the pro-
tection of human subjects (45 CFR 46) [13]. Additionally, this study was
reviewed and approved by the Ethics Committee of the Universidad
Peruana Uni6n (No. 1141-2021/UPEU-FCS—CF) in Lima, Peru.

3. Results

A total of 133,884 women with complete information regarding the
diphtheria vaccination scheme of their children were included in the
analysis (Figure 1). Most of them (46.0%) were adults between 25 and 34
years, and 78.2% identified Spanish as their mother tongue. The most
frequent educational level achieved was up to secondary education with
59.6%. Overall, 84.6% were currently married or cohabiting with their
partners. Most women (53.4%) were classified into the lowest wealth
index, and 67.4% lived in rural areas. According to Peru's natural regions,
36.8% lived in the coast, not considering Lima, 31.3% in the highlands,
and 20.9% in the jungle. Only 3.9% were pregnant, and the median
number of siblings per family was 2.5 (IQR:1-3). A total of 89.9% of
women gave birth at a hospital, and 80.5% had health insurance,
including Peru's free healthcare system SIS (Integrated Health Insurance)
and standard insurance. Regarding accessibility to health facilities, only
14.1% knew the location of the nearest health center, 59.9% had access
problems, and 60.2% did not have an available private or public trans-
port method to reach the health facility (Table 1).
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Table 1. Description of participants included in the study. ENDES, Peru
2010-2019.

Characteristics N %

Age group (years)

15-17 2,321 1.7
18-24 32,507 24.3
25-34 61,621 46.0
35-49 37,420 28.0
First language

Others 5,798 4.3
Quechua 23,414 17.5
Spanish 104,672 78.2

Highest educational level

No education/Elementary 34,204 25.6
Secondary 79,802 59.6
Higher 19,878 14.9
Marital status

Single 7,513 5.6
Cohabiting/Married 113,231 84.6
Divorced/widowed 13,140 9.8
Wealth index

Low 70,972 53.4
Middle 27,693 20.8
High 34,288 25.8
Place of residence

Rural 89,279 67.4
Urban 43,108 32.6
Last week activity

Don't have a job 69,857 54.5
Have a job 45,778 35.7
Study 10,207 8
Housewife 2,340 1.8
Household's head

Child's mother 83,166 62.1
Partner 28,268 21.1
Grandfather/grandmother 14,997 11.2
Other 7,453 5.6
Region

Lima 14,416 10.9
Rest of the coastline 48,464 36.8
Highlands 41,273 31.3
Jungle 27,593 20.9
Trimester of pregnancy

Not pregnant 128,586 96.1
First 1,261 0.9
Second 2,182 1.6
Third 1,855 1.4
Last birth

In-hospital 120,448 89.9
Out-of-hospital 13,418 10.1
Number of siblings’ 2.5 [1-31"
Health insurance

No insurance 26,049 19.5
SIS 79,133 59.1
Standard insurance 28,702 21.4
Healthcare financial capability

No 57,200 42.7
Yes 76,683 57.3
Known location of health center

No 115,080 85.9
Yes 18,804 14.1
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Table 1 (continued)

Characteristics N %

Geographic accessibility to health center

No 80,310 59.9
Yes 53,572 40.1
Transport to health center

No 80,635 60.2
Yes 53,248 39.8
Complete three-dose DPT scheme

Yes 96,065 72.4
No 36,666 27.6

1 Median (P25-P75).

Only 72.4% reported completing the three-dose diphtheria scheme
(DPT). Participants between 25 and 34 years represented the highest
frequency (46.9%) of mothers whose children received the complete DPT
scheme. Women who reported Spanish as their mother tongue were more
likely to complete their children's DPT scheme (78.5%) compared to
women who reported Quechua (17.8%) or other languages (3.7%) as
their mother tongue. According to their highest educational level,
women with complete secondary education were more likely to complete
their children's DPT scheme (59.5%). Moreover, women currently mar-
ried or living with their partners represented the highest frequency
(84.8%) of participants that completed their children's vaccination
scheme, whereas only 5.5% were single mothers. Regarding the wealth
index, the highest proportion of women whose children had the complete
DPT scheme occurred in the lowest status (52.6%). Women without a
current job were more likely to complete their children 's DPT vaccina-
tion scheme (56%) compared to participants who were housewives
(1.6%), students (7.7%), or who were employed (34.7%). Moreover,
women who self-reported as the household's head were more likely to
complete their children's DPT vaccination scheme (63.6%) (Table 2).

Among participants, 68% of mothers who completed their children's
vaccination lived in rural areas, compared to 32% in urban areas. Women
that lived on the coastline (not considering Lima) and in the highlands
were more likely to complete the DPT vaccination scheme, with a fre-
quency of 36.8% and 3%, respectively. Women with geographic acces-
sibility to health centers (57.5%) were more likely to complete their
children's vaccination. However, only 13.5% and 38.9% of participants
who knew the location of the nearest health centeror had an available
transport method completed their children's DPT vaccination scheme,
respectively.

We found that age was statistically associated with DPT vaccination
scheme completion. Women in the age groups 18 to 24 (ORa = 2.31, 95%
CL: 2.11-2.52), 25 to 34 (ORa = 3.37, 95% CI: 3.08-3.69), and 35 to 49
(ORa = 4.74, 95% CI: 4.29-5.22) were more likely to complete their
children's DPT vaccination scheme, compared to those between 15 to 17
years of age. Women who identified Spanish (ORa = 1.39, 95% CI:
1.31-1.48) and Quechua (ORa = 1.34, 95% CI: 1.25-1.43) as their
mother tongues were more likely to complete the DPT vaccination
scheme compared to other languages. Regarding the highest educational
level achieved, women with secondary school (ORa = 0.91, 95% CI:
0.88-0.94) or higher (ORa = 0.94, 95% CI: 0.89-0.99) levels were less
likely to complete their children's DPT vaccination scheme, compared to
women without education or elementary school only. According to their
marital status, women who cohabited with their partners or were
currently married (A ORa = 0.89, 95% CI: 0.85-0.95) had a lower
probability of completing the scheme than single participants (Table 3).

Women who worked (ORa = 1.72, 95% CI: 1.57-1.88), studied (ORa
= 1.47, 95% CI: 1.33-1.62), or were housewives (ORa = 1.41, 95% CI:
1.29-1.54), were more likely to complete their children's DPT scheme
compared to mothers that were unemployed during the previous week.
Mother's partner identified as the household's head was associated with
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Table 2. Participant's background characteristics by three-dose DPT scheme
completion. ENDES, Peru 2010-2019.

Characteristics Complete DPT p-value*
Yes (96,065) No (36,666)

Age group (years) <0.001

15-17 1,128 (1.2) 1,163 (3.2)

18-24 22,110 (23.0) 10,086 (27.5)

25-34 45,025 (46.9) 16,171 (44.1)

35-49 27,796 (28.9) 9,237 (25.2)

First language <0.001

Others 3,540 (3.7) 2,156 (5.9)

Quechua 17,071 (17.8) 6,106 (16.6)

Spanish 75,454 (78.5) 28,404 (77.5)

Highest educational level <0.001

No education/Elementary 23,851 (24.8) 9,860 (26.9)

Secondary 57,192 (59.5) 22,044 (60.1)

Higher 15,022 (15.7) 4,762 (13.0)

Marital status 0.002

Single 5,265 (5.5) 2,157 (5.8)

Cohabiting/Married 81,474 (84.8) 30,281 (84.1)

Divorced/widowed 9,326 (9.7) 3,688 (10.1)

Wealth index <0.001

Low 50,202 (52.6) 19,994 (54.9)

Middle 20,047 (21.1) 7,440 (20.4)

High 25,117 (26.3) 9,006 (24.7)

Place of residence <0.001

Rural 64,598 (68.0) 24,069 (66.3)

Urban 30,355 (32.0) 12,219 (33.7)

Last week activity <0.001

Don't have a job 51,628 (56.0) 17,548 (50.2)

Have a job 31,912 (34.7) 13,576 (38.8)

Study 7,089 (7.7) 2,999 (8.6)

Housewife 1,481 (1.6) 846 (2.4)

Household's head <0.001

Child's mother 61,074 (63.6) 21,385 (58.3)

Partner 19,545 (20.4) 8,490 (23.2)

Grandfather/grandmother 10,724 (11.2) 4,149 (11.3)

Other 4,722 (4.8) 42,642 (7.2)

Region <0.001

Lima 10,438 (11.0) 3,901 (10.8)

Rest of the coastline 34,738 (36.8) 13,417 (37.2)

Highlands 30,671 (32.5) 10,190 (28.2)

Jungle 18,678 (19.7) 8,578 (23.8)

Trimester of pregnancy

Not pregnant 92,149 (95.9) 35,421 (96.6) <0.001

First 931 (1.0) 303 (0.8)

Second 1,603 (1.7) 516 (1.4)

Third 1,382 (1.4) 426 (1.2)

Last birth <0.001

In-hospital 87,679 (91.3) 31,874 (87.0)

Out-of-hospital 8,378 (8.7) 4,782 (13.0)

Number of siblings 2 (1-3) 2 (1-3) <0.001'

Health insurance status <0.001

No insurance 17,202 (17.9) 8,589 (23.4)

SIS (Integrated Health Insurance) 57,407 (59.8) 20,978 (57.2)

Standard insurance 21,456 (22.3) 7,099 (19.4)

Healthcare financial capability <0.001

No 41,636 (43.3)
Yes 54,429 (56.7)

15,192 (41.3)
21,473 (58.7)
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Table 2 (continued )

Characteristics Complete DPT p-value*
Yes (96,065) No (36,666)

Known location of health center <0.001

No 83,086 (86.5) 31,062 (84.7)

Yes 12,979 (13.5) 5,604 (15.3)

Geographic accessibility to health

center

No 15,597 (42.5) 37,399 (38.9) <0.001

Yes 21,068 (57.5) 58,665 (61.1)

Transport to health center <0.001

No 58,665 (61.1) 21,068 (57.5)

Yes 37,399 (38.9) 15,597 (42.5)

* Chi square test, 95% confidence level, 1 Mann-Whitney U test, 95% confidence
level.

increased children's DPT completion (ORa = 1.22, 95% CI: 1.18-1.29),
compared to families where mothers were in charge. In contrast, in
families where the grandfather or grandmother (ORa = 0.91, 95% CI:
0.87-0.96) or other family members (ORa = 0.77, 95% CI: 0.72-0.88)
were identified as the household head had a lower probability of
completing the scheme, compared with families where mothers auto
reported as the family head. Pregnant women who were at first (ORa =
1.22, 95% CI: 1.05-1.37), second (ORa = 1.24, 95% CI: 1.11-1.38), or
third (ORa = 1.31, 95% CI: 1.17-1.47) trimester of pregnancy were more
likely to complete the vaccination scheme, compared to women who
were not pregnant during the interview. Moreover, having siblings
reduced the probability of completing the DPT vaccination scheme (ORa
= 0.82, 95% CI:0.81-0.83).

Mothers who did not give birth to their most recent child at a hospital
(ORa = 0.77, 95% CI: 0.74-0.81) had a lower probability of completing
their children's DPT scheme than women who did. According to health
insurance status, women with SIS (ORa = 1.45, 95% CI: 1.40-1.49) or
standard insurance (ORa = 1.25, 95% CI: 1.20-1.30) were more likely to
complete the DPT vaccination scheme. Surprisingly, women with the
financial capability to access health care were less likely to complete the
DPT scheme (ORa = 0.95, 95% CIL: 0.92-0.97). Considering the accessi-
bility to health centers, women who knew the nearest location (ORa =
1.07,95% CI: 1.03-1.11), had geographic accessibility (ORa = 1.09, 95%
CI: 1.06-1.13) or a current transport (ORa = 1.06, 95% CI: 1.02-1.09)
were more likely to complete their children's DPT scheme.

4. Discussion

Our study aimed to determine the coverage and factors associated
with the DPT scheme completion in Peru. Between 2010-2019, a 72%
coverage of complete DPT immunizations was achieved. However, it is
still under the minimum 90% recommended by the WHO [14, 15].
Similar results have been found in Latin America and the Caribbean,
where only 44% of countries have achieved the recommended coverage
levels. Limited logistics for implementing vaccine programs, weak health
systems, other health priorities, and inadequate distribution of limited
resources are the main reasons for the vaccination gaps in the region
[16]. We identified several factors associated with DPT three-dose
scheme completion, including age, mother tongue, educational level,
marital status, last-week activity, pregnancy trimester, family head of
household, number of siblings, birthing location, health insurance,
wealth index, health financial capability, and health center accessibility
(known location, geographic access, transport).

An increase in maternal age was statistically associated with their
children's DPT scheme completion. The oldest age group (35-49 years)
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Table 3. Crude and adjusted odds ratios of factors associated with complete
three-dose DPT scheme. ENDES, Peru 2010-2019.

Characteristics OR. CI 95% p-value OR, CI 95% p-value
Age group (years)

15-17 Ref. Ref.

18-24 226 2.08-246 <0001 231 211-252 <0.001
25-34 2.87 2.64-3.12  <0.001 3.37 3.08-3.69  <0.001
35-49 310 2.85-3.38 <0.001 4.74 4.29-5.22  <0.001
First language

Others Ref. Ref.

Quechua 1.70  1.60-1.81 <0.001 1.34 1.25-1.43  <0.001
Spanish 1.62 1.53-1.71 <0.001 1.39 1.31-1.48  <0.001
Highest educational

level

No education/ Ref. Ref.

Elementary

Secondary 1.07 1.04-1.10 <0.001 0.91 0.88-0.94 <0.001
Higher 1.30 1.25-1.36  <0.001 0.94 0.89-0.99 0.017
Marital status

Single Ref. Ref.

Cohabiting/Married 1.07 1.04-1.10 <0.001 0.89 0.85-0.95 0.001
Divorced/widowed 1.30 1.25-1.36  <0.001 0.99 0.92-1.06  0.685
Wealth index

Low Ref.

Middle 1.07  1.04-1.11 <0.001 1.00 0.97-1.04 0.801
High 1.11 1.08-1.14 <0.001 0.99 0.96-1.04 0.967
Place of residence

Rural Ref.

Urban 1.08  1.05-1.11 <0.001 0.96 0.94-1.01  0.041
Last week activity

Don't have a job Ref.

Have a job 1.68 1.54-1.83  <0.001 1.72  1.57-1.88  <0.001
Study 1.35 1.23-1.48 <0.001 1.47 1.33-1.62 <0.001
Housewife 1.34 1.23-1.46  <0.001 1.41 1.29-1.54  <0.001
Household's head

Child's mother Ref.

Partner 1.1 1.06-1.15  <0.001 1.22 1.18-1.29  <0.001
Grandfather/ 0.89 0.85-0.93 <0.001 091 0.87-0.96 <0.001
grandmother

Other 0.69 0.65-0.73 <0.001 0.77 0.72-0.88  <0.001
Region

Lima Ref.

Rest of the 097 0.93-1.01 0.123 1.22  0.97-1.06  0.661
coastline

Highlands 1.12 1.08-1.17 <0.001 1.18 1.13-1.24 <0.001
Jungle 0.81 0.78-0.85 <0.001 0.97 0.92-1.02 0.198
Trimester of pregnancy

Not pregnant Ref.

First 1.18 1.04-1.35 0.012 1.22  1.05-1.37  0.004
Second 1.19 1.08-1.32 0.001 1.24 1.11-1.38 <0.001
Third 1.25 1.12-1.39  <0.001 1.31 1.17-1.47  <0.001
Last birth

In-hospital Ref

Out-of-hospital 0.64 0.61-0.66 <0.001 0.77 0.74-0.81 <0.001
Number of siblings  0.92  0.91-0.93  <0.001 0.82  0.81-0.83 <0.001
Health insurance status

No insurance Ref.

SIS (Integrated 1.37 1.33-1.41 <0.001 1.45  1.40-1.49  <0.001
Health

Insurance)

Standard insurance 1.51 1.45-1.57 <0.001 1.25 1.20-1.30 <0.001

Healthcare financial capability
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Table 3 (continued)

Characteristics OR, CI 95% p-value OR, CI 95% p-value
No Ref

Yes 1.08 1.06-1.08 <0.001 0.95 0.92-0.97 <0.001
Known location of health center

No Ref

Yes 1.15 1.12-1.19 <0.001 1.07 1.03-1.11 0.001
Geographic accessibility to health center

No Ref

Yes 1.16 1.13-1.19 <0.001 1.09 1.06-1.13 <0.001
Transport to health center

No Ref.

Yes 1.15 1.13-1.18 <0.001 1.06 1.02-1.09 0.001

OR,: crude odds ratio; OR,: adjusted odds ratio with all the variables present in
the column.

was four times more likely to complete the scheme than the youngest
group (15-17). The influence of age has been previously reported: older
women are more likely to complete their children's vaccination schemes
[17]. Quechua and Spanish were also associated with a higher proportion
of DPT vaccination completion compared to other languages (Ashaninka,
Awajun, Shipibo, Aimara, and others). Both are considered Peru's official
languages, and their use is widespread across the country. The first
spoken language identified as theirs mother tongue is a critical barrier to
accessing health systems [18, 19], mainly among less-used ones. Thus,
during the last decade, the Peruvian government has included multi-
language programs and guidelines to promote health in different settings,
including courses for healthcare professionals and promotional cam-
paigns for the general population [20, 21, 22]. Our results highlight the
need to plan interventions to increase DPT coverage focusing on younger
groups and reinforcing multilanguage strategies.

Rurality has been commonly associated with less geographic access
and transportation difficulties toward healthcare facilities, becoming a
barrier to effective health system interventions such as vaccination pro-
grams [23, 24, 25]. Surprisingly, we found that participants living in
Peru's highlands and rural areas were more likely to complete their
children's DPT vaccination scheme. During the last five years, the Peru-
vian government has launched programs that strengthen multilanguage
health programs and promote the construction of healthcare facilities in
rural regions [20, 21, 22].

Women with higher levels of education can access information
regarding the benefits and side effects of vaccination, which can directly
impact a favorable decision to vaccinate their children [15, 26, 27, 28,
29]. However, we found that women with a higher level of education
were less likely to complete their children's DPT scheme. Vaccine hesi-
tancy has been recognized as a problem in high- and middle-income
countries, where people with greater access to information and educa-
tion reject vaccination [30, 31, 32]. Moreover, vaccination refusal has
also been reported among academics and healthcare students, showing
high levels of hesitancy and resistance to vaccination against other in-
fectious diseases such as SARS-CoV-2 [33].

Previous studies have shown an increased risk of under-vaccination
among children raised by single mothers [34]. One-parent families usu-
ally have economic distress, directly affecting their children's health
[35]. However, our study found that cohabiting or married women were
less likely to complete their children's vaccination scheme than single
mothers. In recent years, single mothers have shown more economic
independence and empowerment, allowing them to prioritize their
children's health and welfare [36]. Moreover, in Peru, women's access to
job opportunities has increased over the past years, giving them a more
significant economic income [37].

The last week's economic activity of the mothers was associated with
a greater probability of completing their children's DPT scheme, in which
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women who work were more likely to complete the vaccination scheme.
In addition, having healthcare financial capability and health insurance
were also factors associated with completing the DPT scheme. Even
though DPT vaccines are freely available in all health facilities nation-
wide by the Peruvian Ministry of Health, other expenses such as trans-
port, medication for adverse reactions, and healthcare with a general
practitioner are not covered [32, 33]. Employment gives women eco-
nomic independence, empowerment, and prioritization of their chil-
dren's welfare and health [36]. Moreover, having no insurance [15, 38,
39] or low income [30] has been reported to cause financial distress and
vaccination hesitancy.

Pregnancy status, birth location, and the number of siblings were
associated with DPT scheme completion. Pregnant participants at the
survey were more likely to complete their children's DPT vaccination
scheme. Moreover, an increase in pregnancy trimester was also associ-
ated with DPT completion. Pregnant women near their due date are more
informed about healthcare programs such as child vaccination schemes
and, as a result, have more confidence and acceptance of the national
vaccination program [34]. Participants who gave birth out of a health-
care facility were less likely to complete their children's vaccination
scheme. Hospital births allow mothers to connect early with healthcare,
developing a pro-vaccination attitude toward their children [39]. A
greater number of siblings was related to a lower probability of
completing the DPT vaccination scheme. Having more kids stresses the
family economy and negatively impacts children's healthcare resources,
impacting the completion of vaccination schemes [15, 40].

Women who knew the location of the nearest health center were more
likely to complete their children's DPT scheme. Moreover, vaccination
completion was also associated with available transportation and
geographical accessibility. Less geographic access and transportation
availability increase difficulties in reaching healthcare facilities, espe-
cially considering Peru's diverse geographical characteristics and the
wide dispersion of healthcare facilities across the country [34, 41, 42].
The Peruvian government has developed new health policies to improve
health system decentralization [43]. However, our results highlight the
need to establish strategies for constructing community healthcare fa-
cilities to strengthen rural health networks.

Our study had limitations. The cross-sectional design does not allow
for establishing causality, given the absence of temporality. Moreover,
this study involves the analysis of secondary data, and there is the pos-
sibility of record imprecision and memory bias from the respondents.
Despite the limitations, the ENDES is a nationally representative survey
and uses standardized instruments and DHS methodology [13] to study
the health status of the Peruvian population.

Our results highlight low diphtheria vaccine coverage levels in Peru,
with percentage values lower than recommended by the WHO. Diph-
theria is a preventable infectious disease included in the Peruvian
childhood vaccination schedule, and the application of the complete
scheme is the only strategy to reduce the emergence of diphtheria cases.
We found several factors associated with DPT three-dose scheme
completion, including economic, geographic, and sociodemographic
characteristics. Our results may serve as a baseline for future quantitative
and qualitative studies to improve vaccination programs that could
reduce vaccination barriers and increase vaccine coverage in Peru.
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