DE GRUYTER

Open Health 2025; 6: 20250074

Research Article

Ouattara Zieh Moussa*, Kenji Takeuchi

Do cell towers help increase vaccine uptake?
Evidence from Cote d’Ivoire

https://doi.org/10.1515/0he-2025-0074
received May 10, 2025; accepted July 15, 2025

Abstract: Cell towers enable the dissemination and access
to vaccine information through mobile networks. In devel-
oping regions where mobile device sharing is common, the
benefits of cell tower connectivity extend beyond indivi-
dual mobile device ownership. This study provides valu-
able insights into how access to these communication
infrastructures affects vaccination coverage and empiri-
cally examines the extent to which it enhances vaccine
uptake. Combining geocoded cell tower information with
data from a nationally representative household survey in
Cote d’Ivoire, we found that proximity to cell towers was
associated with higher vaccine uptake. Every unit decrease
in the distance to cell towers was associated with about two
additional children vaccinated per 1,000 population. Using
the instrumental variable to address endogeneity in cell
tower distribution, the finding aligns with that obtained
using OLS.

Keywords: Cote d’Ivoire, cell tower, mobile communica-
tion, information, vaccination

1 Introduction

Vaccination is an effective public health intervention to
prevent disease and death. In Africa, around 20% of chil-
dren fail to receive all basic vaccines, resulting in more
than 30 million cases of vaccine-preventable diseases in
children under five annually [1]. One of the principal obsta-
cles to vaccination is the difficulty in providing informa-
tion to parents, especially in rural areas with limited access
to education [2]. According to Obi-Jeff et al. [3], the most
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common reason for non-vaccination is lack of knowledge
about where, when, and why to vaccinate.

The rapid increase in mobile technology usage in
recent decades has helped overcome obstacles to informa-
tion access [4-6]. Mobile technology reduces information
sharing time, facilitates knowledge transfer to less educated
populations [7,8], and enhances the efficiency and use of
healthcare services [8]. Moreover, it creates educational and
economic opportunities and enables access to credit markets,
which can lead to better health outcomes [9].

Despite the growing interest in the impact of mobile
technology on health outcomes, most research has cen-
tered on SMS reminders and mobile phone ownership
[10-18]. Nonetheless, since phone sharing is common, own-
ership alone may not accurately reflect access to and usage
of mobile communication technology [19]. A systematic
review and meta-analysis by Yunusa et al. [20] indicates
that the evidence supporting the positive effect of mobile
phone interventions on health outcomes is still limited. In
addition, some studies linking mobile phone usage with
socio-economic outcomes are susceptible to bias because
of the existence of unobserved confounders [21].

The current study integrates geocoded cell tower infor-
mation with childhood vaccination data and finds that
closer proximity to cell towers is associated with higher
vaccine uptake. To mitigate endogeneity, we build on pre-
vious studies and use lightning intensity as an instru-
mental variable (IV) [21]. The IV estimate aligns with the
Ordinary Least Squares (OLS) coefficient, suggesting that
proximity to cell phone towers enhances vaccine uptake.

This research provides multiple contributions to the
existing body of literature. First, it adds to the existing
research on the socio-economic impact of communication
infrastructures by exploring their effect on vaccination
coverage. Previous studies show that mobile network cov-
erage fosters growth in the retail sector, increases employ-
ment, and decreases the prevalence of gender-biased social
norms and early marriage [22-24]. Some studies have
further documented the negative effects of communication
infrastructures on property values, suggesting that an
increase in distance to cell towers raises property prices
[25-27]. Other researchers suggest that communication
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infrastructures facilitate the dissemination of information
about ongoing conflicts to remote areas, thereby influen-
cing the diffusion of conflicts [28,29].

Second, we add new insights to the literature regarding
the impact of communication infrastructures on health out-
comes. Although there are many compelling pathways (see
Section 2.1) through which access to cell towers could help
increase vaccination coverage, there is a lack of studies ana-
lyzing this relationship. An important body of literature has
focused on the adverse health effects of communication infra-
structures, suggesting that proximity to cell towers increases
the likelihood of serious health problems such as cancer and
muscular pain [30-34]. Ali et al. investigated the effect of
proximity to cell towers on health outcomes and found that
people living closer to the cell tower were more likely to have
health issues [30]. Evidence from a literature review suggests
that proximity to cell towers increases the risk of cancer,
changes in biochemical parameters, and radiofrequency-
related diseases [31]. Hamza et al. documented that indivi-
duals living close to cell towers are more likely to experience
muscle pain, fatigue, and headache [32]. The existing litera-
ture on positive health effects remains limited, primarily con-
centrating on HIV testing and infant mortality [21,35].

The rest of this article is organized as follows. Section 2
provides an overview on how cell towers could affect vac-
cine uptake, the distribution of cell towers, and vaccine
uptake in Cote d’Ivoire. Section 3 describes the data and
methodology employed in this study. Section 4 presents the
OLS results, and Section 5 gives the IV results. Section 6
discusses the results, and Section 7 concludes the study.

2 Background

This section provides an overview of the potential mechan-
isms through which cell towers could help improve vaccine
uptake, cell tower distribution, and how Ivorian authori-
ties have leveraged advances in mobile technology to
enhance childhood vaccination coverage.

2.1 How could cell towers help improve
vaccination coverage

Access to and sharing of information is an important way
in which improved access to cell towers can enhance
vaccine uptake [36]. Mobile networks enable the dissemi-
nation of information about vaccination campaigns, sche-
dules, and locations through SMS, and many other digital

DE GRUYTER

platforms. While health authorities can leverage mobile
networks to inform the public about the benefits and safety
of vaccines, individuals can access vaccine-related infor-
mation on the Internet, which has a positive impact on
vaccination coverage [37].

Enhanced cell phone coverage facilitates appointment
scheduling and the implementation of SMS reminders.
Individuals can book their vaccination appointments online
or via mobile apps, and automated SMS reminders can be
sent to remind them of their appointments, reducing the
risk of missed appointments. A systematic review by
Currie et al. [38] suggests that SMS reminders are effective
in improving childhood vaccination coverage.

In addition, mobile networks help overcome physical
barriers to immunization access, as they minimize the
need to travel long distances to access vaccination services
by providing information on the nearest vaccination sites.
Cell phone coverage facilitates real-time monitoring of vac-
cinators during immunization campaigns, enabling health
authorities to identify uncovered areas and ensure better
coverage [39,40]. It can help gather feedback from the
public about their vaccination experiences, helping to
improve services and address barriers.

Electricity supply is another way in which cell towers
can impact vaccination rates. Vaccines necessitate a “cold
chain,” a transportation and storage system that maintains
the recommended temperature for vaccines, which is chal-
lenging for remote areas where electricity is often scarce.
According to Energize the Chain (EtC), each cell tower
generates excess electricity, sufficient to sustain a refrig-
eration unit for storing vaccines. In 2013, refrigeration
units powered by cell towers were used to preserve “cold
chain” conditions for vaccines sent to rural areas, enabling
the vaccination of 250,000 children in Zimbabwe [41].

2.2 Vaccine uptake and disease incidence in
Cote d’Ivoire

The incidence of vaccine-preventable diseases is alar-
mingly high in Céte d’Ivoire, despite a gradual decline.
Particularly, tuberculosis incidence fell from 367 cases
per 100,000 inhabitants in 2000 to 128 in 2021 [42]. The
disease remains highly endemic and is one of the leading

1 EtC is an organization that collaborates with cell tower companies
and health authorities to provide access to the energy, connectivity,
and data required to extend the vaccine cold chain into developing
countries.
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causes of death among communicable diseases. In 2021, an
estimated 35,000 individuals contracted tuberculosis, of
whom 6,000 succumbed [43]. Although not as severe as
tuberculosis, measles is the second most common vac-
cine-preventable disease. Over the past few decades, fluc-
tuations in the number of reported measles cases have
been observed. Measles-related incidents declined from
around 600 in 2011 to 48 in 2013, remained below 100 until
2016, and then increased to 1,800 in 2021. The incidence of
poliomyelitis has stagnated at 0 since 2013. As of 2021, the
incidence of diphtheria, tetanus, and pertussis was 0, 29,
and 10, respectively.

The country advises that all children be immunized
with the four primary vaccines endorsed by the World
Health Organization (WHO): BCG, measles, polio, and
DTP. Of these vaccines, only DTP protects against three
diseases, namely diphtheria, tetanus, and pertussis.
Despite some improvement in the past years, vaccination
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rates have historically remained lower than the 90% target
levels [44]. In 2021, while coverage for the first dose of
measles vaccine was 68%, that for the third dose of DTP
and polio vaccines was 76 and 73%, respectively. Unlike
other vaccines, the coverage for the BCG vaccine increased
significantly from 80% in 2015 to 93% in 2021, surpassing
the target.

2.3 Network coverage and vaccination in
Cote d’Ivoire

Until the early 2000s, only a few cities outside the economic
capital had access to mobile telephone services. However,
in the 2010s, the country experienced a significant expan-
sion in network coverage, resulting in a sharp increase in
mobile phone ownership. Approximately 81% of
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Figure 1: Distribution of cell towers in Céte d’Ivoire in 2015. Source: Author.
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households owned at least one mobile phone [45]. As for
the Internet, its penetration rate fluctuates around 38%
since 2015 [46]. At a median speed of 9.37 Mbps, the average
cost for 1 GB of mobile data is about 2.58 USD [47]. Figure 1
illustrates the distribution of cell towers across the country
in 2015. It shows some disparities in coverage across the
country during our study year.

Over the past decades, Ivorian health authorities have
leveraged advancements in mobile technology to enhance
childhood vaccination rates. In 2011, the country launched
its first vaccination reminder service, which involved
sending voice and text messages to remind parents of vac-
cination dates and emphasize their importance. Mobile
technology has also been utilized to facilitate communica-
tion during vaccination campaigns. For instance, the trans-
parency of the measles vaccination campaign was
enhanced through a mobile communication platform that
allowed volunteers and families to report issues and obtain
information [48]. Another notable example is the use of M
vaccine, a mobile application that registers pregnant
women and mothers of children under 2 years old, creates
digital vaccination records and sends automatic voice
reminders in French and local languages to ensure timely
vaccinations. It also facilitates transitions from paper-
based records to digital systems, allowing for more accu-
rate and efficient tracking of vaccination data [49].

3 Data and methods

3.1 Data

We obtained data from multiple sources. The first data
source was the 2015 Cote d’Ivoire Living Standards
Survey (CILSS), a nationwide household survey that col-
lects socio-demographic data. CILSS is the most recent
household survey providing exhaustive information on
both the vaccination status of children and the adminis-
trative units where households are located. Sub-prefec-
tures are the smallest administrative unit and there are
around 509 in the country. As shown in Figure 1, house-
holds are clustered by sub-prefectures across different
regions.

Second, data on cell towers were drawn from
OpencellID, the world’s largest open database providing
comprehensive information on the global distribution of
cell towers.? Our analysis primarily includes cell towers
that were registered in the database up to 2015, i.e. the
year the household survey was carried out. Since the
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survey data do not provide individual household locations
to protect respondents’ privacy, we calculate the distance
between household cluster centroids and the closest cell
tower as a proxy for mobile network access. This same
approach was used by Iacoella and Tirivayi when studying
the effect of mobile connectivity on HIV testing [35]. Addi-
tionally, we calculated the number of cell towers per 10,000
inhabitants for all geographic clusters as an alternative
indicator of mobile connectivity to check the robustness
of our results (see Appendix Table Al). Moreover, the data-
base does not report the date of construction for each
tower but instead provides the date on which each tower’s
information was added. As such, there may be a time lag
between constructing a new tower and registering it into
the database. Consequently, we also ascertain the robust-
ness of our findings by using cell towers that were regis-
tered in the database up to 2016 to calculate the distance.
The results are presented in Appendix (Table Al). We also
check whether the distance to the cell towers and the
number of cell towers per 10,000 inhabitants are good
alternatives to each other and present the results in Table
A2.

Third, we included data on health facilities, electricity,
and road infrastructure to control for factors that can
affect the use of mobile technology and access to vaccina-
tion. We utilized the spatial database of health facilities
released by the World Health Organization (WHO) in
2019 to determine the number of health facilities per
capita. We calculated the electricity grid per capita using
data from Meta’s Electrical Distribution Grid Maps.
Population data were sourced from the 2014 General
Census of Population and Housing. Additionally, we com-
puted the distance from each cluster centroid to the closest
main road using data extracted from OpenStreetMap,
released by the World Food Programme in 2017.

3.2 Econometric specification

To examine the impact of cell towers on vaccine uptake, we
specify our empirical model as follows:

Yir = ﬁo + ,Bltowercr + ,Bincr + ,Bgzr + Eicrs @

where Y., is a dummy variable indicating if child i in
cluster ¢ within region r is fully vaccinated. Tower is our
key explanatory variable and represents the distance from

2 Cell towers consist of 2G and 3G towers, as 4G towers were not
available in the year the household survey was conducted.
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Table 1: Descriptive statistics

Variable Obs Mean Std. Dev. Min Max

Vaccine uptake

BCG 8,124 0.85 0.36 0 1

DTP 7,954 0.80 0.40 0 1

Polio 8,237 0.87 0.33 0 1

Measles 7,978 0.77 0.42 0 1

Distance to cell 9,170 20.35 28.26 0.05 195.73

tower (km)

Population density 9,170 637.51 1991.33 5.07 7947.84

Hospital per 10,000 9,170 0.93 0.73 0 7.01

Distance to the nearest 9,170  7.05 8.22 0.01 44.21

road (km)

Electricity grid per 9,170 1422 1277 0 93.42

10,000

Gender of 9,170 0.84 0.36 0 1

household head

Parents living together 9,170  0.91 0.29 0 1

Household head age 9,70 40.46 11.90 16 102

Rural residence 9,170 0.63 0.48 0 1
Obs %

Income (tertile)

Low 3,069 33.47

Middle 3,050 33.26

High 3,051 33.27

Household head

education

None 6,088 66.95

Primary 1,446  15.90

Secondary or higher 1,560 17.15

a household cluster location to the nearest cell tower. X;., is
a vector of socio-economic control variables described in
Table 1, and Z, is a vector of region fixed effects.

While the inclusion of region fixed effects controls for
unobserved factors that may differentially impact vaccine
uptake across regions, it may not fully address endogeneity
concern arising from the non-random placement of cell
towers across household locations. If the choice of cell
tower location is correlated with unobserved factors that
affect vaccine uptake, our estimates could be biased. To
tackle this issue, we use the maximal annual lightning
strike intensity® as an IV. Previous studies using lightning
strike as an IV suggest that it hinders the propagation of
communication infrastructure and disrupts connectivity
[21,51]. Manacorda and Tesei argue that electrostatic dis-
charges during thunderstorms damage communication
infrastructure and weaken network performance, thereby
reducing the supply and demand for mobile phone services
[51]. Consequently, areas with a higher incidence of

3 Data on lightning strike intensity come from [50].
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lightning strikes may exhibit a lower rate of mobile tech-
nology adoption. This assumption is supported by the
result of our first stage regression presented in Table 5.
The key identification assumption is that our instrument
influences the deployment of cell towers without
impacting vaccine uptake. However, there may be poten-
tial indirect pathways through which lightning influences
vaccination coverage. Indeed, lightning strikes could be
correlated with the availability of other infrastructures
or services such as electricity or healthcare logistics. To
mitigate this issue, Manacorda and Tesei [51] included a
range of locational control variables. We used a similar
approach in our study and therefore controlled for vari-
ables such as the number electricity grids and hospitals per
10,000 inhabitants, as well as other variables presented in
Table 1. Moreover, we conducted an additional analysis to
check whether our instrument affects vaccine uptake only
through its effect on access to cell towers. The signal
strength of cell towers decreases as the distance increases.
In our sample, the median distance to the closest cell tower
was around 10.67km. We considered areas within the
median distance and those above it as areas of high and
low connectivity, respectively. Then, we regressed vaccine
uptake on our instrument separately for high and low con-
nectivity areas, and the results are presented in Appendix
(Table A3).

4 Results

Table 2 presents our OLS estimates from baseline specifica-
tions that include all the vaccines presented in Table 1. All
estimates represent the absolute change in our outcome
variable. Column 1 shows the estimated effect of mobile
phone coverage on vaccine uptake, excluding control vari-
ables and fixed effects. The estimated coefficient is nega-
tive and statistically significant, suggesting that one unit
decrease in the distance to towers increases the probability
of a child being vaccinated by about 0.11%. In addition to
the control variables described in Table 1, columns 2 and 3
incorporate spatial fixed effects, with column 3 also
including vaccine fixed effects. The resulting estimates
are similar, indicating that reducing the distance to cell
towers by one unit increases the likelihood of a child being
vaccinated by approximately 0.14%. This corresponds to
approximately two additional children vaccinated per
1,000 inhabitants as the distance decreases by one unit.
The results still suggest that proximity to cell towers
increases the probability of being vaccinated when we
analyze each vaccine separately (Table 3). Nonetheless,
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Table 2: Access to cell tower and vaccine uptake
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Table 4: Heterogeneity by socio-economic characteristics

Vaccine uptake

Vaccine uptake

Variables 1) (2) 3)
Distance to cell tower -0.0011%** -0.0014*** -0.0014***
(0.0001) (0.0002) (0.0002)

Control variables No Yes Yes

Region fixed effects No Yes Yes
Vaccine fixed effects No No Yes
Observations 32,293 32,021 32,021
R-squared 0.0067 0.0548 0.0659

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p <0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.

the estimated coefficient is the highest for the BCG vaccine,
which is associated with the disease having the highest
incidence.

We further analyzed the heterogeneities in the associa-
tion between communication infrastructure access and
vaccine uptake. We began by examining the differences
between rural and urban residences, with the results pre-
sented in Column 1 of Table 4. Both the baseline effect and
the coefficient for the interaction between distance to cell
towers and rural residence are negative and significant.
This indicates that reducing the distance to cell towers
significantly increases the likelihood of a child being vac-
cinated, with a more pronounced effect in rural areas. We
also explore differences between low-, middle-, and high-
income groups, with high income being the baseline group.
Compared with the high-income group, the probability of
being vaccinated in the low-income group increases more
significantly as the distance from cell towers decreases.

Table 3: Heterogeneity among vaccines

(1 (2) (3) (4)
Variables BCG DTP Polio Measles
Distance to -0.0021*%**  —0.0011*** -0.0012*** -0.0012***
cell tower

(0.0004) (0.0004) (0.0003) (0.0004)
Control Yes Yes Yes Yes
variables
Region fixed Yes Yes Yes Yes
effects
Observations 8,056 7,886 8,169 7,910
R-squared 0.0983 0.0809 0.0484 0.0444

Variables 1) 2)
Distance to cell tower -0.0010***  -0.0012***
(0.0002) (0.0002)
Distance to cell tower x rural residence  —0.0006***
(0.0002)
Distance to cell tower x lower income -0.0006***
(0.0002)
Distance to cell tower x middle income -0.0000
(0.0002)
Control variables Yes Yes
Region fixed effects Yes Yes
Observations 32,021 32,021
R-squared 0.0662 0.0664

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p < 0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.

However, the result does not indicate any difference
between middle- and high-income groups.

51V

As previously mentioned, the placement of cell towers is
not random; it is influenced by various factors, some of
which may correlate with unobserved variables affecting
vaccine uptake. Therefore, our OLS estimates may be
biased. To mitigate endogeneity issue, we use lightning

Table 5: 1V regression

) (2)

Panel a: First stage Distance to cell tower

Lightning intensity 41.4624*** 35.5680***
(1.1260) (1.2140)

F statistic 1356.03 858.45

Panel b: Second stage Vaccine uptake

Distance to cell tower -0.0026*** -0.0013*
(0.0004) (0.0007)

Control variables No Yes

Region fixed effects No Yes

Vaccine fixed effects No Yes

Observations 32,293 32,021

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p <0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p < 0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.
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strike intensity as an IV. The results of the first and second
stages are displayed in Panels a and b of Table 5, respec-
tively. The estimates from the first step indicate that higher
lightning intensity is associated with increased distance to
cell towers. Moreover, the F-statistic is above the threshold,
suggesting that our instrument is not weak. In the second
step, the IV estimates indicate that reducing the distance to
cell towers increases vaccine uptake. Although the coeffi-
cient sign is consistent with the OLS estimate, when we
exclude the control variables and fixed effects (column 1
of Table 5) the IV estimate is larger in absolute value than
the OLS (column 1 of Table 2). However, after including the
control variables and fixed effects, the IV estimate (column
2 of Table 5) is similar to the OLS estimates (columns 1 and
2 of Table 2). This may suggest that the inclusion of controls
has helped reduce the bias related to potential indirect
pathways through which our instrument could affect the
outcome variable.

6 Discussion

In this study, we examined the association between access
to cell towers and vaccine uptake. We primarily used the
distance between household clusters and the closest cell
tower to approximate mobile technology access. The
results suggest that a decrease in the distance to cell tower
increases the probability of a child being vaccinated. The
results remained consistent when we used the number of
cell towers per 10,000 inhabitants as an alternative proxy
for mobile connectivity. These findings align with those of
other studies exploring the relationship between commu-
nication facilities and health outcomes. According to
Iacoella and Tirivayi, a unit decrease in distance from
the closest cell tower is associated with 0.5% increase in
the probability that women test for HIV [35]. Flickiger and
Ludwig found that access to mobile phone coverage
reduces childhood mortality risk by 0.9% [21]. The coeffi-
cient size in our study is smaller than that found in pre-
vious studies. The difference may arise from the fact that
these studies employ different outcome variables and focus
on multiple countries rather than a specific country in sub-
Saharan Africa.

Other findings of interest relate to the heterogeneity ana-
lyses. We found that reducing the distance to cell towers
increases the likelihood of a child being vaccinated, with a
more pronounced effect in rural areas. Moreover, for the low-
income group, the probability of being vaccinated increases
more significantly as the distance from cell towers decreases
than for the high-income group. However, the result does not
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show any difference between middle and high-income
groups. These findings are in line with previous studies,
which suggest that the effect of communication infrastructure
is greater for people and areas with limited access to informa-
tion and health services [21,23].

Our study has some limitations that need to be high-
lighted. First, although our findings suggest a relationship
between access to cell towers and vaccine uptake, we are
unable to empirically investigate the potential mechanisms
due to data constraints. Instead, we discussed about the
mechanisms building on previous studies. Second, household
location details were unavailable; therefore, we calculated
the distance from cluster centroids to the closest cell tower.
However, our findings remain consistent when we used the
number of cell towers per 10,000 inhabitants. Finally, the cell
tower database did not provide construction date of cell
towers but rather the date each tower was registered.
Hence, there could be a lag between the construction and
registration dates. We checked the robustness of our findings
by using a sample of cell towers that were registered in the
database up to one year after the household survey, and the
results aligned with our main findings.

7 Conclusions

This study reveals that better access to mobile technology is
associated with increased vaccine uptake, particularly among
individuals with limited resources. In light of these findings,
we recommend that policymakers collaborate with mobile
network operators to deploy cell towers in areas that still
lack or have poor connectivity. However, given that cell
towers can have adverse health effects, network operators
should optimize the distance between homes and cell towers
so that they are beneficial without causing harm.
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Appendix

As discussed earlier, we calculated the number of cell
towers per 10,000 inhabitants for each geographic cluster
as an alternative proxy of mobile network access to check
the robustness of our results. The estimated coefficient in
column 1 of Table Al suggests that a unit increase in the
number of cell towers per 10,000 inhabitants is associated
with an increase of 0.31% in the likelihood of a child being
vaccinated. This finding aligns with that in column 3 of
Table 2; however, the estimates may not be comparable
as we used a different proxy of mobile network access.
Another concern relates to the fact that the database does
not report the date of construction for each tower but instead
provides the date on which each tower’s information was
added. As such, there may be a time lag between constructing
a new tower and registering it in the database. Thus, some cell
towers built in 2015, particularly at the end of the year, may
have been registered in the database in 2016. Consequently,
we also ascertain the robustness of our findings by using cell
towers that were registered in the database up to 2016 to
calculate the distance. The result presented in column 3 of
Table 2 is consistent with that in column 3 of Table 2. However,
the estimated coefficient is higher in absolute value. This may
be because by including towers registered in 2016, we have
captured the effect of some towers built in 2015 and missing
from the 2015 sample. It should be noted, however, that when
using cell towers recorded in the database up to 2016, our final
dataset would include cell towers that were actually built in
2016, one year after the household survey was conducted. This
could also have an effect on the estimated coefficient size.
We also check whether the distance to the closest cell
tower and the number of cell towers per 10,000 inhabitants
are good alternatives to each other. We regress the number

Table A1: Robustness checks

Vaccine uptake

Variables 1) (2)
Number of cell towers per 10,000 0.00371***
inhabitants

(0.0012)
Distance to cell tower -0.0019***

(0.0002)

Control variables Yes Yes
Region fixed effects Yes Yes
Vaccine fixed effects Yes Yes
Observations 32,021 32,021
R-squared 0.0635 0.0665

DE GRUYTER

of cell towers per 10,000 inhabitants on the distance to the
closest cell tower, and the results are presented in Table
A2. The results suggest that there is a relationship between
these two indicators. Specifically, an increase in the dis-
tance to the closest cell tower is associated with a decrease
in the number of cell towers per 10,000 inhabitants.
Finally, we test whether our instrument affects vaccine
uptake only through its impact on access to cell towers. To
this end, since the signal strength on cell towers decreases as
the distance increases, we consider areas within the median
distance and those above it as areas of high and low connec-
tivity, respectively. Then, we regress vaccine uptake on our
instrument separately in high and low connectivity areas.
The results shown in Table A3 indicate that lightning strikes
incidence affects vaccine uptake only in areas of high con-
nectivity. This may suggest that our instrument affects the
vaccine uptake only through its impact on cell towers.

Table A2: Association between the distance and number of cell towers
per 10,000 inhabitants

Number of cell towers per 10,000

inhabitants
Variables 1) (2)
Distance to cell tower ~ —0.0532*** -0.0404***
(0.0009) (0.0006)
Region fixed effects No Yes
Observations 36,680 36,680
R-squared 0.1369 0.8207

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p < 0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.

Table A3: Association between lightning strikes and vaccine uptake

Vaccine uptake

High connectivity Low connectivity

Variables (V)] (2)
Lightning strikes —0.1853*** -0.0197
(0.0530) (0.0306)
Control variables Yes Yes
Region fixed effects Yes Yes
Vaccine fixed effects Yes Yes
Observations 16,194 15,827
R-squared 0.0593 0.0823

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p <0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.

Robust standard errors in parentheses.

***means p < 0.01, the coefficient is significant at the 1% level. **means
p <0.05, the coefficient is significant at the 5% level. *means p < 0.1, the
coefficient is significant at the 10% level.
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