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ARTICLE INFO ABSTRACT

Keywords: The pentavalent is a vaccine against Diphtheria, Pertussis, Tetanus, Hepatitis B, and Haemophilus type B influenza. A

Peﬂt?_ival‘_fﬂt child is considered a pentavalent vaccination dropout if they have received the first dosage as advised but have

gaccmatlon not obtained the third dose. In Tanzania, the first-dose receiver of pentavalent was approximately 97 %, whereas
ropout only 89 % received a third dose. Unfortunately, no studies have been done in Tanzania to evaluate the factors at

Tanzania . . . . . .

Zanzibar the national level that are linked with first-versus third-dose pentavalent vaccine dropout; hence, we explored

Immunization these factors here for the first time. A cross-sectional survey of randomly selected households was conducted. The

sample size was calculated to provide overall, age- and sex-specific coverage estimates for measles-rubella
vaccine evaluation among children aged between 9 and 59 months at the national level, as explained else-
where. The fieldwork activities were done for one month from November to December 2019 for both Zanzibar
and Tanzania Mainland. A total of 4460 caregivers of children aged 12-23 months were interviewed for routine
immunization services, and a total of 4403 caregivers were included in this analysis of the uptake of the
pentavalent vaccine. The number of children who received the first dose of the pentavalent vaccine was 4020
(91.5 %), while the number of children who received the third dose of the pentavalent vaccine was 3915 (89.4
%). The overall pentavalent vaccination dropout rate was 2.3 %. The rate was lower in Zanzibar (0.9 %) than in
the Tanzanian mainland (2.4 %). Wealth quintile, sex of caregivers, and education were factors significantly
associated with the pentavalent-3 dropout rate among children aged 12-23 months in Tanzania. Our results
provide strong support for further efforts to improve current vaccination coverage to optimize the use of
prioritized, timely, and appropriate interventions at the regional and district levels and to improve the health
education given to expectant women during their clinic visits so they may comprehend the value of routine
immunization.

1. Introduction

One of the most cost-effective public health initiatives to lower
childhood morbidity and mortality is immunization [1]. Immunizations
prevent nearly 3 million child deaths annually, attributed to vaccine-
preventable diseases (VPD) like measles, diphtheria, tetanus, pertussis
(DTP), and influenza [2]. An estimated two million deaths worldwide
are attributed to VPDs each year, with over 1.5 million of those deaths
happening in children under the age of five, accounting for 15 % of all
deaths among this age group [3]. The Central and Southern regions of
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Sub-Saharan Africa account for about 80 % of child deaths worldwide,
which are attributable to incomplete immunization coverage [4].

The recommended times to dose pentavalent 1 to 3 are 6 weeks, 10
weeks, and 14 weeks, respectively [5]. The pentavalent is a vaccine
against Diphtheria, Pertussis, Tetanus, Hepatitis B, and Haemophilus type b
influenza [6,7]. A child is considered a pentavalent vaccination dropout
if they have received the first dosage as advised but have not obtained
the third dose [8]. Low vaccination dropout rates signify good access to
and usage of immunization services performance [9]. In 2019, 90 % of
newborns globally received the first dose of the diphtheria-pertussis-
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tetanus (DPT1) vaccine, while 85 % of newborns globally received three
doses of the DPT3 vaccine [10]. The DTP-3 vaccination was not given to
19.7 million newborns globally in 2019, a significant indicator of the
ineffectiveness of immunization campaigns [10].

The Global Vaccine Action Plan (GVAP), which uses DPT3 coverage
as a benchmark, emphasizes the significance of geographical parity in
vaccine coverage by establishing dual targets of 90 % national coverage,
and 80 % coverage for all districts within countries by 2020 [11]. Be-
tween 2000 and 2016, DPT1 and DPT3 coverage had increased while
DPT1-3 dropout rates declined in Africa [12].

According to the Tanzania Demographic and Health Survey (TDHS)
2016, the coverage of the first dose of pentavalent was 97 %, whereas
only 89 % received a third dose [13], nationally. According to our re-
view of the literature, no studies have been done in Tanzania to evaluate
the factors at the national level, that are linked with first-versus third-
dose pentavalent vaccine dropout, hence we explored here for the first
time. A study conducted in Gambia showed that, when caregivers
attended fewer than four antenatal care sessions, when children had no
health card or whose card was lost, and resided in urban areas, there
were increased odds of pentavalent dropout [14]. The study conducted
by Shrestha, S.R et al., revealed that the dropout of third dose penta-
valent vaccine was mainly seen in infants of parents living in rented
houses, and according to gender, dropout was high among male infants,
busy parents, forgotten date of immunization, visit to other immuniza-
tion centers and sick infants [15].

This study explored the pentavalent coverage and the factors asso-
ciated with the pentavalent vaccination dropout rate among children
aged 12-23 months in Tanzania.

2. Methods
2.1. Study design

This cross-sectional survey was conducted among caregivers of
children aged 12-23 months from randomly selected households.

2.1.1. Study Settings

The survey was conducted in 31 regions, 26 from Mainland Tanzania
and 5 from Zanzibar. The administrative division structure for Tanza-
nia’s Mainland starts at the regional level, which covers 4-8 districts,
with each district having a population ranging from 150,000-450,000 in
rural areas and up to a million in urban areas. Each district is then
subdivided into divisions, and a division is subdivided into wards, while
the ward is subdivided into villages (rural areas) or streets (urban set-
tings). Furthermore, the village is subdivided into hamlets. In Zanzibar,
the administrative division is the same except that the villages or streets
are named Shehia.

2.1.2. Sample Size and Sampling Procedures

Data for this article were collected during the survey described in the
Mkopi et al. 2021 article [16]. Briefly, the sample size was calculated to
provide overall, age- and sex-specific coverage estimates for measles-
rubella vaccine evaluation among children aged between 9 and 59
months at the national level as explained elsewhere. In summary, the
desired precision of +5 % with an expected coverage of 95 % was used,
69 enumeration areas were sampled in the first stage using probability
proportion to population size from each region yielding a total of 2083
enumeration areas. In the second stage, 7 households with an eligible
child were selected within each sampled enumeration area. Thus, a total
of 4460 caretakers of children aged 12-23 months were interviewed for
routine immunization services, and a total of 4403 caretakers were
included in this analysis of the uptake of the pentavalent vaccine.

A two-stage stratified cluster sampling procedure was used during
data collection; the first stage involved the selection of enumeration
areas (clusters) from the updated list of 2018 provided by the Nation
Bureau of Statistics (NBS) using a probability proportional to size (PPS)
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of the enumeration areas. The second stage involved a simple random
selection of seven households from each selected enumeration area (EA).
The list of households prepared by village leaders (Tanzania Mainland)
and Shehas (Zanzibar) residing in the selected enumeration areas, was
used as a sampling frame. Households were defined as persons living
together and eating in the same kitchen. Eligible households were
defined as having had a child aged 12-23 months. All caregivers aged
18 years and above who were either usual residents or visitors and slept
in the selected households the night preceding the survey were eligible
for the interview.

2.1.3. Data collection

A total of 171 experienced research assistants (RAs) were recruited
from both the Tanzanian mainland and Zanzibar and trained for 3
consecutive days in Dar es Salaam, followed by a one-day pilot and
feedback session. The RAs were divided into small groups of 4-10 people
depending on workload, with a supervisor for each group to oversee all
research fieldwork activities. A quantitative structured questionnaire
was used to collect information such as household-level and socio-
demographic information and caregivers’ perceived reasons for not
completing the vaccination schedule. The fieldwork activities were done
for one month from November to December 2019 for both Zanzibar and
Tanzania Mainland.

2.1.4. Primary outcome and explanatory variables

The primary outcome variable was pentavalent vaccination dropout,
defined as children aged 12-23 months who received the first recom-
mended dose of the pentavalent vaccine and missed the third recom-
mended dose of it, as assessed by caregivers’ cards and history. In other
words, it was a subtracting the number of children who received the
third dose of pentavalent vaccine from the number who received the first
dose gives the number of dropouts. The number of dropouts was divided
by the number of first dose and multiplied by 100 to get the percent
dropout. To review a child’s vaccination status, the caregiver was
required to present a child’s clinic card. If the child did not have a clinic
card or the caregiver was unable to present the clinic card, the in-
terviewers gathered childhood immunization data for children aged 12
to 23 months based on the caregiver’s memory. Thus, both cards and
verbal history from caregivers were used to assess the childhood im-
munization data as recommended by WHO [17]. Explanatory variables
were categorized into three levels; household, caregivers, and child. The
explanatory variables at the household level were household size
(number of persons in the household), household head’s occupation,
and household wealth quintile. The explanatory variables at the care-
giver level were age, sex, education status, and marital status. The
explanatory variables at the child level were sex, age, and clinic card.

2.1.5. Data management and analysis

Survey questionnaires were administered in Swabhili using the Open
Data Kit (ODK) Collect software on the Samsung Galaxy [18]. Data
management included data quality checks and friendly error messages
as part of the data quality checks. Analysis was done using STATA
(version 16; College Station, Texas, USA). The analysis uses survey-
weights to adjust for study design and unequal sampling probabilities
[19]. The dropout rate of the pentavalent vaccine was calculated by
(Total number of infants receiving the first dose of the pentavalent
vaccine - Total number of infants receiving the third dose of pentavalent
vaccine) / Total number of infants receiving the first dose of pentavalent
vaccine * 100 [20]. We constructed a social economic status (SES) index
with principal component analysis (PCA) [21]. The PCA is a multivariate
statistical technique that reduces the number of variables in a data set to
a smaller number. The main steps in constructing an SES index in this
analysis were the selection of households’ assets, application of PCA,
interpretation of results, and classification of households into fourth
socio-economic groups [22]. The household’s assets used for SES con-
struction were a bicycle, car, motorcycle, radio, fridge, television,
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watch, couch, bed, iron, mattress, wardrobe, water pump, sewing ma-
chine, satellite dish, fan, and cellphone. Vaccination coverage point
estimates and one-sided upper and lower at 95 % confidence bounds
were calculated using sample weights and a Taylor series linearization
method [17]. The logistic regression model was used to assess factors
associated with missing the third of the pentavalent among children
aged 12-23 months while controlling for confounding factors such as sex
and age. The association between routine immunization coverage and
explanatory variables was examined using a logistic regression model.
Explanatory variables were included in a multivariable model if the
association with the primary outcome had a p-value of 0.25 on uni-
variable analysis.

Ethics statement

Ethical clearance and research permits were obtained from ethical
review committees from Ifakara Health Institute’s (IHI) Institutional
Review Board (IHI-IRB), the National Institute for Medical Research
(NIMR), the President’s Office Regional Administration and Local
Government (PORALG) for Tanzania Mainland, as well as the Zanzibar
Medical Research and Ethics Committee (ZAMREC) from Zanzibar. The
details of the clearances are further explained in Mkopi et al. 2021 [16].
Individual written informed consent was obtained from the head of the
household. The study complied with the International Ethical Guidelines
for Biomedical Research Involving Human Subjects [23].

3. Results
3.1. Characteristics of the survey sample

Caregivers from 14,550 households with 6-59-month-old children
were visited in the survey for measles-rubella coverage evaluation [16].
Of these, 4560 households had caregivers of 12-23-month-old children
that were included in this analysis. Out of 4560 households, 3604 (79.8
%) had between 1 and 6 members, while 956 households (20.2 %) had 7
or more members. Of these, 2726 (55.8 %) households were involved in
subsistence farming, 1142 (27 %) were employed and 692 (17.2 %) were
involved in other socio-economic activities. Furthermore, the distribu-
tion of households’ wealth across groups was very similar, ranging from
18.3 % of them in the lowest quintile and 22.9 % in the highest quintile
Table 1. The age distribution of 4461 caregivers was, 1446 (31.5 %)
aged between 18 and 24 years, 1957 (43.9 %) had age range 25-34
years, and 1058(24.6) aged 35 years and above. The majority, 4408
(98.6 %) were female caregivers. Of all the caregivers 2861 (61.6 %) had
primary education or none while 950 (24.6 %) had acquired secondary
education or above. The majority 3782 (84.5 %) of the caregivers were
married or cohabited, while 394 (9 %) were divorced/separated, and
216 (4.9 %) caregivers were single. Out of 4403 children, 2230 (51.5 %)
were male and 2173 (48.5 %) were female. About half of the children
were aged from 12 to 17 months (53.2 %) while 46.8 % were aged from
18 to 23 months.

3.2. Pentavalent vaccine coverage and pentavalent-3 dropout rate among
children aged 12-23 months

Approximately 91.5 % (95 % CI: 90.5-92.5 %) of children nation-
wide between the ages of 12 and 23 months received their first dose of
the pentavalent vaccination. These estimates were slightly higher in
Zanzibar at 93.4 % (95 % CIL: 87.3-96.7 %) compared to Mainland
Tanzania at 91.4 % (95 % CI: 90.3-92.4 %). The pentavalent-1 coverage
varied across the regions, from 85.2 % (95 % CI: 79.5-89.5 %) in Tabora
to 100 % in Kusini Unguja.

Overall, an estimated 90.7 % (95 % CI: 89.9-91.7 %) of the children
aged 12-23 months received the second dose of the pentavalent vaccine.
These estimates were slightly higher in Zanzibar at 94.1 % (95 % CIL:
87.9-97.2 %) compared to Mainland Tanzania at 90.5 % (95 % CL:
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Table 1
Socio-demographic characteristics among caregivers of children aged 12-23
months interviewed for routine immunization services in Tanzania, 2019.

Variable Weighted % (95 % CI) n
Household related variables (N = 4560)

Household size (persons)

1-6 79.8 (78.3-81.2) 3604
7 or more 20.2 (18.8-21.7) 956
Household head’s occupation

Subsistence farming 55.8 (53.8-57.8) 2726
Employed 27 (25.3-28.7) 1142
Other 17.2 (15.7-18.7) 692
Household wealth quintile

Lowest 18.3(17.1-19.7) 916
Second 18.7 (17.4-20.1) 894
Middle 19 (17.8-20.4) 897
Fourth 21.1 (19.7-22.5) 942
Highest 22.9 (21.2-24.6) 911
Caregiver-related variables (N = 4461)

Caregiver’s age (years)

18-24 31.5 (30-33.1) 1446
25-34 43.9 (42.3-45.5) 1957
>35 24.6 (23.1-26.1) 1058
Caregiver’s sex

Male 1.4 (0.9-1.9) 53
Female 98.6 (98.1-99) 4408
Caregiver’s education

None and Primary 61.6 (59.8-63.4) 2861
Secondary and above 24.6 (23-26.3) 950
Don’t know / Missing 13.8 (12.5-15.1) 650
Caregiver’s marital status

Single 4.9 (4.2-5.7) 216
Widowed 1.6 (1.23-2.2) 69
Divorced/Separated 9 (8-10) 394
Married/Cohabited 84.5 (83.2-85.7) 3782
Child-related variables (N = 4403)

Child’s sex

Male 51.5 (49.9-53.2) 2230
Female 48.5 (46.8-50.1) 2173
Child’s age (months)

12-17 months 53.2 (51.5-54.9) 2332
18-23 months 46.8 (45.1-48.5) 2071

89.3-91.5 %). The pentavalent-2 coverage varied across the regions,
from 80.6 % (95 % CI: 74.7-85.4 %) in Tabora to 100 % in Kusini Unguja
(Table 2).

At the national level, the pentavalent vaccination was administered
to an estimated 89.4 % (95 % CI: 88.3-90.5 %) of children between the
ages of 12 and 23 months. These estimates were slightly higher in
Zanzibar 93.1 % (95 % CL 85.7-96.8 %) compared to Mainland
Tanzania 89.1 % (95 % CI: 88-90.2 %). The pentavalent-3 coverage
varied across the regions, from 74.4 % (95 % CI: 67.9-80 %) in Tabora to
100 % in Kusini Unguja (Table 2).

Nationally, an estimated 2.3 % (95 % CI: 1.8-2.8 %) of the children
aged 12-23 months dropped out of the third dose of the pentavalent
vaccine. These estimates were slightly lower in Zanzibar at 0.9 % (95 %
CL: 0.1-6.3 %) compared to Mainland Tanzania at 2.4 % (95 % CL
1.9-6.3 %). The pentavalent vaccination dropout rate varied across the
regions, from 0 % to 11.2 % (95 % CI: 7.4-16.7 %) (Fig. 1D). Out of 31
regions, 8 (Kusini Unguja, Kagera, Njombe, Kaskazini Pemba, Kaskazini
Unguja, Mbeya, Kusini Pemba and Katavi) had no dropout (Table 2).

Tanzania regions are classified into 9 zones: 1. eastern zone (Moro-
goro, Pwani, and Dar es Salaam) 2. northern zone (Arusha, Kilimanjaro,
and Tanga); 3. lake zone (Kagera, Mwanza, and Mara); 4. western zone
(Kigoma, Tabora, and Shinyanga); 5. the central zone (Dodoma,
Manyara, and Singida); 6. southwest highlands (Katavi, Mbeya, and
Rukwa); 7. southern highlands Zone (Iringa, Njombe, and Ruvuma); 8.
southern zone (Lindi and Mtwara) and 9. Zanzibar zone. Pentavalent
1-3 coverage rates ranged from 95.1 % to 100 % in the southern,
eastern, and Zanzibar zones (Fig. 1A, Fig. 1B, and Fig. 1C). The same
coverage rates were in Ruvuma, Kigoma, and Shinyanga. Related to the
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Table 2
Pentavalent vaccine coverage rate and pentavalent-3 dropout rate among children aged 12-23 months by region in Tanzania, 2019.

Regions Pentavalent-1 Pentavalent-2 Pentavalent-3 Dropout rate
(Pent-1 - Penta-3)

Weighted % n/N Weighted % n/N Weighted % (95 % CI)  n/N Weighted % (95 % CI) n/N

(95 % CI) (95 % CI)
Overall 91.5 (90.5-92.5)  4020/4403  90.7 (89.9-91.7)  3975/4403  89.4 (88.3-90.5) 3915/4403 2.3 (1.8-2.8) 112/4403
Tanzania Mainland ~ 91.4 (90.3-92.4)  3889/4263  90.5 (89.3-91.5)  3843/4263  89.1 (88-90.2) 3784/4263 2.4 (1.9-3) 111/4263
Zanzibar 93.4 (87.3-96.7) 131/140 94.1 (87.9-97.2) 132/140 93.1 (85.7-96.8) 131/140 0.9 (0.1-6.3) 1/140
Kusini Unguja 100 14/14 100 14/14 100 14/14 0 0
Kagera 90.5 (83.9-94.6) 223/244 90.5 (83.9-94.6) 223/244 90.5 (83.9-94.6) 223/244 0 0
Njombe 92.3 (82.1-96.9) 50/56 92.3 (82.1-96.9) 50/56 92.3 (82.1-96.9) 50/56 0 0
Kaskazini Pemba 93.5 (67.7-99) 20/21 93.5 (67.7-99) 20/21 93.5 (67.7-99) 20/21 0 0
Kaskazini Unguja 100 13/13 100 13/13 100 13/13 0 0
Mbeya 92.4 (85-96.3) 177/191 92.4 (85-96.3) 177/191 92.4 (85-96.3) 177/191 0 0
Kusini Pemba 91.8 (58.6-98.9) 15/16 91.8 (58.6-98.9) 15/16 91.8 (58.6-98.9) 15/16 0 0
Katavi 75.7 (56.5-88.2) 33/45 75.7 (56.5-88.2) 33/45 75.7 (56.5-88.2) 33/45 0 0
Dar es Salaam 94.1 (90.9-96.2) 411/436 94.2 (90.9-96.3) 411/436 93.8 (90.6-96) 409/436 0.2 (0.1-0.9) 2/436
Manyara 94 (88.5-97) 134/143 94 (88.5-97) 134/143 93.4 (87.9-96.5) 133/143 0.7 (0.1-4.5) 1/143
Kilimanjaro 81 (72-87.5) 126/154 80.6 (71.7-87.1) 125/154 80.3 (71.6-86.8) 125/154 0.7 (0.1-4.6) 1/154
Pwani 95.8 (88.2-98.6) 76/80 95 (87.5-98.1) 75/80 94.6 (86.9-97.9) 75/80 1.2 (0.2-7.5) 1/80
Kigoma 95.8 (91.9-97.9) 231/242 95.5 (91.6-97.6) 230/242 94.4 (90.3-96.8) 228/242 1.4 (0.4-4.5) 3/242
Mara 92.4 (75.4-90) 178/207 83.4 (74.9-89.4) 177/207 82.5 (74.2-88.6) 175/207 1.5 (0.5-4.5) 3/207
Ruvuma 99.3 (95-99.9) 120/121 99.3 (95-99.9) 120/121 97.5 (92.6-99.2) 118/121 1.8 (0.4-6.8) 2/121
Mjini Magharibi 90.6 (80.1-95.5) 69/76 91.8 (81.4-96.6) 70/76 90 (76.8-96) 69/76 1.9 (0.3-11.5) 1/76
Lindi 96.1 (84.9-99.1) 61/65 96.1 (84.9-99.1) 61/65 94.2 (82.7-98.2) 60/65 1.9 (0.3-12.9) 1/65
Arusha 92 (85.7-95.7) 125/137 92 (85.7-95.7) 125/137 90.1 (83.4-94.2) 123/137 1.9 (0.4-0.9) 2/137
Mtwara 97.4 (93-99.1) 167/179 96.9 (92.5-98.7) 129/134 95.5 (90.4-97.9) 127/134 1.9 (0.6-6.4) 3/134
Songwe 92.9 (83.3-97.1) 64/69 91.9 (82.5-96.5) 63/69 90.9 (81.7-95.8) 62/69 2(0.5-7.3) 2/69
Tanga 88.3 (82.4-92.4) 147/167 87.5(80.9-92.1) 146/167 86.9 (90.9-91.3) 145/167 2(0.6-6.2) 3/167
Geita 94.8 (91.4-97) 225/239 94.1 (90.2-96.5) 223/239 92.8 (88.4-95.7) 220/239 2.4 (1-6.1) 6/239
Shinyanga 96 (91.7-98.2) 144/150 94.7 (89.2-97.4) 142/150 93.1 (86.5-96.6) 140/150 3(0.9-8.8) 4/150
Dodoma 91 (83.6-95.2) 145/159 89.6 (81-94.6) 143/159 88.5 (80.4-93.6) 142/159 3.2(1.1-8.6) 4/159
Morogoro 91.8 (85.6-95.5) 167/179 91.1 (84.9-94.9) 165/179 88.2 (81.7-92.6) 161/179 3.7 (1.6-8) 6/179
Iringa 93.1 (82.6-97.5) 78/85 91.3 (81.5-96.2) 76/85 89 (79.2-94.6) 73/85 4.1 (1.7-9.5) 5/85
Mwanza 93.6 (89.6-96.1) 270/290 91.7 (87.5-94.6) 265/290 89.7 (84.7-93.2) 260/290 4.2 (2-8.4) 11/290
Simiyu 87.3 (81-91.8) 205/234 86.3 (79.6-91) 202/234 83.5 (76.7-88.6) 196/234 4.3(2.2-8.3) 10/234
Singida 90.9 (82.7-95.4) 101/110 86.7 (78.9-91.9) 96/110 86.2 (78.1-91.6) 95/110 4.7 (1.9-11.3) 6/110
Rukwa 75.3 (61.2-85.4) 55/76 69.2 (54.2-81.1) 51/76 68.1 (53.2-79.9) 50/76 7.2 (2.9-16.4) 5/76
Tabora 85.2 (79.5-89.5) 213/250 80.6 (74.7-85.4) 201/250 74.4 (67.9-80) 184/250 11.2 (7.4-16.7) 30/250
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Fig. 1A. Pentavalent-1 vaccination coverage rate among children with 12-23
months by regions.

Fig. 1B. Pentavalent-2 vaccination coverage rate among children with 12-23
months by regions.

pentavalent vaccination dropout, the western zone’s Tabora region had
a high dropout rate of over 10 %. The regions of Simiyu, Mwanza,
Singida, Iringa, and Rukwa had dropout rates, ranging from 5 % to 9 %

(Fig. 1D).
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Fig. 1D. Pentavalent vaccination dropout rate among children with 12-23
months by regions.

3.3. Factors associated with pentavalent-3 dropout rate among children
aged 12-23 months

Three factors were significantly associated with the pentavalent
vaccination dropout rate among children aged 12-23 months in
Tanzania. One factor at the household level was the household wealth
quintile. In multivariate analysis, children living in households with the
middle (AOR: 0.47; 95 % CI: 0.25-0.86; p = 0.016), fourth (AOR: 0.46;
95 % CI: 0.25-0.85; p = 0.013), and highest wealth quintile (AOR: 0.27;
95 % CI: 0.13-0.53; p < 0.001) were less likely to dropout from
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pentavalent vaccination compared to children living in a household with
the lowest wealth quintile. Two factors at the caregiver’s level were the
caregiver’s sex and education. In univariate analysis, children of female
caregivers had a 2 % less likelihood to drop out of the pentavalent
vaccine compared to those of male caregivers (AOR: 0.02; 95 % CI:
0.019-0.03; p < 0.001). In multivariate analysis, children of caregivers
who attended school were significantly less likely to drop out in the
pentavalent vaccine compared to those of caregivers who did not attend
school (AOR: 0.47; 95 % CI: 0.29-0.77; p < 0.001) (Table 3).

4. Discussion

We revealed that in 2019, the overall pentavalent vaccination
dropout rate was 2.3 % which is significantly lower than the 8.0 %
dropout rate reported by the TDHS in 2015 [13]. The overall lower
dropout rate indicates a significant improvement in immunization
coverage in Tanzania. The DHS survey of data from 33 sub-Saharan
African countries, which was conducted between 2010 and 2020 using
a multilevel mixed-effect analysis showed that pentavalent vaccination
dropout was 20.9 % [24]. The 2.3 % dropout rate is less than the 20.9 %
overall pentavalent vaccine dropout rate. The potential explanation for
these discrepancies may be due to differences in aggregate data used in
Sub-Saharan African countries, while this study used individual country
data of Tanzania. Thus, the aggregated data results may show the
highest results of pentavalent vaccination dropout rates compared to the
individual data in Tanzania. However, some of the Sub-Saharan coun-
tries used individual data but still had higher pentavalent vaccination
dropout rates than Tanzania. The countries were; Gambia (4.3 %) [14],
West Africa (16.3 %) [25], and Ethiopia (17 %) [26]. However, this
suggests that Tanzania’s stated overall low dropout rate of 2.3 %, re-
flects high access to and use of immunization services. There were
notable regional differences in the pentavalent vaccination dropout
rates among 12-23-month-old children in Tanzania. Eight regions were
reported to have no pentavalent vaccination dropouts. In contrast, the
dropout rates in the remaining 21 regions, range from 0.2 % to 11.2 %.
The World Health Organization (WHO) states that a dropout rate of
more than 10 % indicates that many people do not use the services [27].
The pentavalent dropout rate in the Tabora region is the highest at 11.2
%. There is a chance that children in the Tabora region could potentially
contract VPDs.

In our study, there were factors associated with the pentavalent
vaccination dropout rate among children aged 12-23 months in
Tanzania. We found that children living in the household with the
higher (middle, fourth, and highest) wealth quintiles, were less likely to
drop out of the pentavalent vaccination compared to children living in a
household with the lowest wealth quintile. Similar findings indicated
that household wealth is a major factor in the utilization of vaccination
services [28,29]. We also found that children of female caregivers were
less likely to drop out of the pentavalent-3 vaccine compared to those of
male caregivers. However, the conducted in Ethiopia showed that
caregivers who were less gender-empowered had increased odds of
pentavalent vaccination dropout [30]. Our study also found that chil-
dren of caregivers who attended school were less likely to drop out in the
pentavalent vaccination compared to those of caregivers who did not
attend school. This finding was consistent with studies conducted in
Kenya [31], Nepal [15], and Ethiopia [32]. The reason behind this could
be that caregivers with higher educational levels probably can under-
stand the importance of child vaccination than caregivers with lower
education levels.

The associated factors elucidated the reasons why pentavalent
vaccination dropout occurs. To achieve a pentavalent vaccination
dropout of less than 10 % in all regions, it is necessary to improve im-
munization access and utilization. Therefore, it is necessary to enhance
programmatic monitoring in vaccine deployment and to improve the
activities of immunization campaigns and communication strategies in
parts of Tanzania and other sub-Saharan African nations where the
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Table 3
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Crude and adjusted odds ratios for factors associated with pentavalent-3 dropout rate among children aged 12-23 months in Tanzania, 2019.

Dropout rate

Univariate analysis

Multivariate analysis

At the household level (N = 4560) YES NO OR
Household size (persons)

1-6 87 3517 1

7 or more 25 931 0.98
Household wealth quintile

Lowest 40 876 1
Second 23 871 0.69
Middle 17 880 0.47
Fourth 19 923 0.46
Highest 13 898 0.27
Household head’s occupation

Other occupation 16 676 1
Subsistence farming 74 2652 1.56
Employed 22 1120 1.05
At the caregiver level (N = 4461) YES NO OR
Caregiver’s age (years)

18-24 39 1407 1
25-34 41 1616 0.74
>35 33 1025 1.11
Caregiver’s sex

Male 0 53 1
Female 113 4295 0.02
Caregiver’s marital status

Single 5 211 1
Widowed 2 67 0.76
Divorced/Separated 9 385 0.92
Married/Cohabited 97 3685 0.89
Caregiver’s education

Not attended School 26 608 1
Attended school 87 3740 0.46
At the child level (N = 4403) YES NO OR
Child’s sex

Male 53 2177 1
Female 59 2114 1.07
Child’s age (months)

12-17 months 64 2268 1
18-23 months 48 2023 0.92
Child’s clinic card

NO 0 667

YES 112 3624

95 % CI p-value AOR 95 % CI p-value
0.59-1.64 0.950

- - 1 - -
0.38-1.25 0.215 0.69 0.38-1.25 0.215
0.25-0.86 0.016 0.47 0.25-0.86 0.016
0.25-0.85 0.013 0.46 0.25-0.85 0.013
0.13-0.53 <0.001 0.27 0.13-0.53 <0.001
0.87-2.81 0.134

0.51-2.16 0.892

95 % CI p-value AOR 95 % CI p-value
- - 1 - -
0.46-1.20 0.225 0.73 0.45-1.19 0.205
0.67-1.84 0.673 1.27 0.98-1.64 0.836
0.01-0.03 <0.001 Omitted

0.14-4.01 0.749

0.29-2.93 0.885

0.36-2.19 0.807

- - 1 - -
0.28-0.76 0.002 0.47 0.29-0.77 < 0.001
95 % CI p-value AOR 95 % CI p-value
- - 1 - -
0.72-1.59 0.735 0.89 0.55-1.42 0.616

- - 1 - -
0.61-1.39 0.699 0.84 0.51-1.36 0.475
Omitted

pentavalent vaccination dropout rate is more than 10 %.

The present study’s limitation is that, in the absence of vaccination
records, the caregivers’ recall was used to compile data on children’s
immunization in this national survey. The vaccine coverage rate may be
overestimated or underestimated as a result of the caregivers’ poor
recall. No independent mapping was done, which might likely introduce
selection bias among the caregivers interviewed.

In conclusion, our study indicates that the overall pentavalent
vaccination dropout was less than 10 % which met targets set by the
WHO. However, variation in individual regions still exists as the study
found that, one of the regions, had more than 10 % of the pentavalent
vaccination dropout. Our results provide strong evidence for further
efforts to improve current vaccination coverage and to optimize the use
of the following recommendation interventions: 1) To prioritize timely
and appropriate interventions at the regional and district levels, it is
necessary to analyze the data already available from immunization
program to track the development of vaccine coverage. 2) The Ministry
of Health must improve the health education given to expectant women
during their clinic visits so they may comprehend the value of routine
immunization.

Funding sources

This work was supported by the WHO country office, in Dar es
Salaam, Tanzania.

CRediT authorship contribution statement

Robert Tillya: Writing - review & editing, Writing — original draft,
Investigation. Gumi Abdallah: Writing — review & editing. Hajirani
Msuya: Writing — original draft. Shraddha Bajaria: Writing — review &
editing. Sally Mtenga: Writing — review & editing. Charles Festo:
Writing — review & editing. Grace Mhalu: Writing - review & editing.
Josephine Shabani: Writing — review & editing. Ibrahim Msuya:
Writing — review & editing, Visualization. William Mwengee: Writing —
review & editing. Honorati Masanja: Writing — review & editing.
Abdallah Mkopi: Writing — review & editing, Writing — original draft,
Project administration, Methodology, Investigation, Formal analysis,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Data availability

Data will be made available on request.

Acknowledgment

We would like to express our heartfelt gratitude to the WHO office in



R. Tillya et al.

Tanzania for financial support and technical guidance. First and fore-
most, we would like to thank the staff of the IVD in the Ministry of
Health (MoH) for the collaborative effort that enabled the post-measles-
rubella campaign evaluation survey to take place. Indeed, we are so
grateful to Jethro Magwati from Harare’s WHO office in Zimbabwe, who
supported the team in study design. We also wish to thank NBS Tanzania
for the selection of the enumeration areas (EAs). Further, we thank the
regional supervisors and interviewers who collected the data. Shraddha
Bajaria is a Research Associate at the Africa Academy for Public Health,
Tanzania. The presented manuscript is not linked to her currently
affiliated institution and is merely a work of collaboration as an inde-
pendent researcher.

References

[1] Subaiya S, Dumolard L, Lydon P, Gacic-Dobo M, Eggers R, Conklin L. Morb Mortal
Wkly Rep 2015;64(44):1252-5. https://www.jstor.org/stable/24856881.

[2] Young B, Sarwar G, Hossain I, Mackenzie G. Trans R Soc Trop Med Hyg 2022;116
(11):1063-70. https://doi.org/10.1093/trstmh/trac051.

[3] Kaoje A, Yahaya M, Olayinka RM, Hauwau S, Abubakar J, Ambursa AH. Global
Journal of Medicine and Public Health 2017;6(4):10. https://www.academia.edu/
download/110530793/05-Vo6No4.pdf.

[4] Ezbakhe F, Pérez-Foguet A. Demogr Res 2020;43:1263-96. https://www.jstor.org/
stable/26967840.

[5] WHO. Vaccine 2019;37(2):219-22. https://doi.org/10.1016/j.
vaccine.2017.07.066.

[6] Chambongo PE, Nguku P, Wasswa P, Semali I. Pan Afr Med J 2016;23(1). https://
doi.org/10.11604/pamj.2016.23.162.8925.

[7] Malhame M, Baker E, Gandhi G, Jones A, Kalpaxis P, Igbal R, et al. Vaccine 2019;X
2:100033. https://doi.org/10.1016/j.jvacx.2019.100033.

[8] Wirth M, Wirth E, Delamonica E, Sacks D, Balk A. A. CIESIN/UNICEF: Minujin,

New York; 2006. https://www.researchgate.net/profile/Emma-Sacks/publication/

228813229 _Monitoring_health_equity_in_the_ MDGs_a_practical_guide/links/Ofcf

d5093201e8b701000000/Monitoring-health-equity-in-the-MDGs-a-practical-gui

de.pdf.

Baguune B, Ndago JA, Adokiya MN. Arch Public Health 2017;75:1-8. https://link.

springer.com/article/10.1186/5s13690-017-0186-8.

[10] Chard AN. MMWR Morb Mortal Wkly Rep 2020;69. https://www.cdc.gov/mm
wr/volumes/69/wr/mm6945a7.htm.

[11] WHO. Global vaccine action plan 2011-2020. World Health Organization
vaccination 2013. Secretariat annual report 2020 ISBN 92-4-001432-9,
https://books.google.co.tz/books?hl=e
n&lr=&id=PHcOEQAAQBAJ&oi=fnd&pg=PP6&ots=fuitulSLNH&sig=CVe
OLPaax_aC2tpY60203WuRmQQ&redir_esc=y#v=onepage&q&f=false.

[12] Mosser JF, Gagne-Maynard W, Rao PC, Osgood-Zimmerman A, Fullman N,
Graetz N, et al. Lancet 2019;393(10183):1843-55. https://doi.org/10.1016/
S0140-6736(19)30226-0.

[9

[}

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

Vaccine 54 (2025) 126962

MoH Tanzania. Demographic and health survey and malaria indicator survey
(TDHS-MIS) 2015-16, Dar Es Salaam, Tanzania, and Rockville. Maryland, USA:
MoHCDGEC, MoH, NBS, OCGS, and ICF, Dar es Salaam, Tanzania; 2016. https://
www.dhsprogram.com/pubs/pdf/FR321/FR321.pdf.

Ntenda PA, Sixpence A, Mwenyenkulu TE, Mmanga K, Chirambo AC, Bauleni A,
et al. BMC Public Health 2022;22(1):520. https://link.springer.com/artic
le/10.1186/512889-022-12914-6.

Shrestha SR, Shakya B, Oli R. Nepal Med Coll J 2020;22(3):106-10. https://doi.
org/10.3126/nmc;j.v22i3.32624.

Mkopi A, Mtenga S, Festo C, Mhalu G, Shabani J, Tillya R, et al. Vaccine 2021;39
(41):6041-9. https://doi.org/10.1016/j.vaccine.2021.09.017.

WHO. World health organization vaccination coverage cluster surveys: reference
manual. World Health Organization Geneva 2018 (WHO/IVB/18.09). Licence: CC
BY-NC-SA 3.0 IGO, https://apps.who.int/iris/bitstream/handle/10665/272820/
WHO-IVB-18.09-eng.pdf.

A. Raja, A. Tridane, A. Gaffar, T. Lindquist, K. Pribadi, Online Journal of Public
Health Informatics 5(3) (2014) 228. https://ojphi.jmir.org/2013/3/e61286/PDF.
Chen Q, Gelman A, Tracy M, Norris FH, Galea S. New York, NY: Columbia
University20; 2012. p. 20. https://stat.columbia.edu/~gelman/research/unpubl
ished/weighting%20adjustments%20for%20panel%20surveys.pdf.

Legesse E, Dechasa W. BMC Pediatr 2015;15:1-14. https://link.springer.com/arti
cle/10.1186/s12887-015-0345-4.

Abdi H, Williams LJ. Wiley interdisciplinary reviews: computational statistics2(4);
2010. p. 433-59. https://doi.org/10.1002/wics.101.

Vyas S, Kumaranayake L. Health Policy Plan 2006;21(6):459-68. https://doi.org/
10.1093/heapol/cz1029.

CIOMS. Bull Med Ethics 2002;182:17-23. https://pubmed.ncbi.nlm.nih.gov/
14983848/.

Zegeye AF, Mekonnen CK, Kindie H, Workneh BS, Asmamaw DB, Tamir TT.
Vaccine 2024;X:100465. https://doi.org/10.1016/j.jvacx.2024.100465.

Kazungu JS, Adetifa IM. Wellcome open research 2017;2. https://pmc.ncbi.nlm.
nih.gov/articles/PMC5407439/.

Muluye M, Oljira L, Eyeberu A, Getachew T, Debella A, Deressa A, et al. BMC
Pediatr 2022;22(1):268. https://link.springer.com/article/10.1186/512887-022
-03320-3.

Mmanga K, Mwenyenkulu TE, Nkoka O, Ntenda PA. Int Health 2022;14(3):250-9.
https://doi.org/10.1093/inthealth/ihab038.

Hajizadeh M. Vaccine 2019;37(44):6609-16. https://doi.org/10.1016/j.
vaccine.2019.09.054.

Adamu AA, Uthman OA, Sambala EZ, Ndwandwe D, Wiyeh AB, Olukade T, et al.
Hum Vaccin Immunother 2019;15(5):1191-8. https://doi.org/10.1080/
21645515.2019.1575163.

Shiferie F, Gebremedhin S, Andargie G, Tsegaye DA, Alemayehu WA, Mekuria LA,
et al. Front Pediatr 2023;11. https://doi.org/10.3389/fped.2023.1280746.

Haji A, Lowther S, Ngan’Ga Z, Gura Z, Tabu C, Sandhu H, et al. BMC Public Health
2016;16:1-8. https://link.springer.com/article/10.1186/s12889-016-2823-5.
Desalew A, Semahegn A, Birhanu S, Tesfaye G. Global Pediatric Health 2020;7.
https://doi.org/10.1177/2333794X20968681. 2333794X20968681.


https://www.jstor.org/stable/24856881
https://doi.org/10.1093/trstmh/trac051
https://www.academia.edu/download/110530793/O5-Vo6No4.pdf
https://www.academia.edu/download/110530793/O5-Vo6No4.pdf
https://www.jstor.org/stable/26967840
https://www.jstor.org/stable/26967840
https://doi.org/10.1016/j.vaccine.2017.07.066
https://doi.org/10.1016/j.vaccine.2017.07.066
https://doi.org/10.11604/pamj.2016.23.162.8925
https://doi.org/10.11604/pamj.2016.23.162.8925
https://doi.org/10.1016/j.jvacx.2019.100033
https://www.researchgate.net/profile/Emma-Sacks/publication/228813229_Monitoring_health_equity_in_the_MDGs_a_practical_guide/links/0fcfd5093201e8b701000000/Monitoring-health-equity-in-the-MDGs-a-practical-guide.pdf
https://www.researchgate.net/profile/Emma-Sacks/publication/228813229_Monitoring_health_equity_in_the_MDGs_a_practical_guide/links/0fcfd5093201e8b701000000/Monitoring-health-equity-in-the-MDGs-a-practical-guide.pdf
https://www.researchgate.net/profile/Emma-Sacks/publication/228813229_Monitoring_health_equity_in_the_MDGs_a_practical_guide/links/0fcfd5093201e8b701000000/Monitoring-health-equity-in-the-MDGs-a-practical-guide.pdf
https://www.researchgate.net/profile/Emma-Sacks/publication/228813229_Monitoring_health_equity_in_the_MDGs_a_practical_guide/links/0fcfd5093201e8b701000000/Monitoring-health-equity-in-the-MDGs-a-practical-guide.pdf
https://doi.org/10.1186/s13690-017-0186-8
https://doi.org/10.1186/s13690-017-0186-8
https://www.cdc.gov/mmwr/volumes/69/wr/mm6945a7.htm
https://www.cdc.gov/mmwr/volumes/69/wr/mm6945a7.htm
https://books.google.co.tz/books?hl=en&amp;lr=&amp;id=PHcOEQAAQBAJ&amp;oi=fnd&amp;pg=PP6&amp;ots=fuituI8LNH&amp;sig=CVe0LPaax_aC2tpY6O2o3WuRmQQ&amp;redir_esc=y#v=onepage&amp;q&amp;f=false
https://books.google.co.tz/books?hl=en&amp;lr=&amp;id=PHcOEQAAQBAJ&amp;oi=fnd&amp;pg=PP6&amp;ots=fuituI8LNH&amp;sig=CVe0LPaax_aC2tpY6O2o3WuRmQQ&amp;redir_esc=y#v=onepage&amp;q&amp;f=false
https://books.google.co.tz/books?hl=en&amp;lr=&amp;id=PHcOEQAAQBAJ&amp;oi=fnd&amp;pg=PP6&amp;ots=fuituI8LNH&amp;sig=CVe0LPaax_aC2tpY6O2o3WuRmQQ&amp;redir_esc=y#v=onepage&amp;q&amp;f=false
https://doi.org/10.1016/S0140-6736(19)30226-0
https://doi.org/10.1016/S0140-6736(19)30226-0
https://www.dhsprogram.com/pubs/pdf/FR321/FR321.pdf
https://www.dhsprogram.com/pubs/pdf/FR321/FR321.pdf
https://doi.org/10.1186/s12889-022-12914-6
https://doi.org/10.1186/s12889-022-12914-6
https://doi.org/10.3126/nmcj.v22i3.32624
https://doi.org/10.3126/nmcj.v22i3.32624
https://doi.org/10.1016/j.vaccine.2021.09.017
https://apps.who.int/iris/bitstream/handle/10665/272820/WHO-IVB-18.09-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/272820/WHO-IVB-18.09-eng.pdf
https://stat.columbia.edu/&tnqh_x223C;gelman/research/unpublished/weighting%20adjustments%20for%20panel%20surveys.pdf
https://stat.columbia.edu/&tnqh_x223C;gelman/research/unpublished/weighting%20adjustments%20for%20panel%20surveys.pdf
https://doi.org/10.1186/s12887-015-0345-4
https://doi.org/10.1186/s12887-015-0345-4
https://doi.org/10.1002/wics.101
https://doi.org/10.1093/heapol/czl029
https://doi.org/10.1093/heapol/czl029
https://pubmed.ncbi.nlm.nih.gov/14983848/
https://pubmed.ncbi.nlm.nih.gov/14983848/
https://doi.org/10.1016/j.jvacx.2024.100465
https://pmc.ncbi.nlm.nih.gov/articles/PMC5407439/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5407439/
https://doi.org/10.1186/s12887-022-03320-3
https://doi.org/10.1186/s12887-022-03320-3
https://doi.org/10.1093/inthealth/ihab038
https://doi.org/10.1016/j.vaccine.2019.09.054
https://doi.org/10.1016/j.vaccine.2019.09.054
https://doi.org/10.1080/21645515.2019.1575163
https://doi.org/10.1080/21645515.2019.1575163
https://doi.org/10.3389/fped.2023.1280746
https://doi.org/10.1186/s12889-016-2823-5
https://doi.org/10.1177/2333794X20968681

	Associated factors for dropout of first versus third doses of pentavalent vaccination in Tanzania
	1 Introduction
	2 Methods
	2.1 Study design
	2.1.1 Study Settings
	2.1.2 Sample Size and Sampling Procedures
	2.1.3 Data collection
	2.1.4 Primary outcome and explanatory variables
	2.1.5 Data management and analysis


	Ethics statement
	3 Results
	3.1 Characteristics of the survey sample
	3.2 Pentavalent vaccine coverage and pentavalent-3 dropout rate among children aged 12–23 ​months
	3.3 Factors associated with pentavalent-3 dropout rate among children aged 12–23 ​months

	4 Discussion
	Funding sources
	CRediT authorship contribution statement
	Declaration of competing interest
	datalink3
	Acknowledgment
	References


