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Abstract

Background Equitable access to healthcare for rural, tribal, and underprivileged people has been an emerging area
of interest for researchers, academicians, and policymakers worldwide. Improving equitable access to healthcare
requires innovative interventions. This calls for clarifying which operational model of a service innovation needs to be
strengthened to achieve transformative change and bring sustainability to public health interventions. The current
study aimed to identify the components of an operational model of mobile medical units (MMUs) as an innovative
intervention to provide equitable access to healthcare.

Methods The study empirically examined the impact of scalability, affordability, replicability (SAR), and immunization
performance on the sustainability of MMUs to develop a framework for primary healthcare in the future. Data were
collected via a survey answered by 207 healthcare professionals from six states in India. Partial least squares struc-
tural equation modeling (PLS-SEM) was conducted to empirically determine the interrelationships among various
constructs.

Results The standardized path coefficients revealed that three factors (SAR) significantly influenced immunization
performance as independent variables. Comparing the three hypothesized relationships demonstrates that replicabil-
ity has the most substantial impact, followed by scalability and affordability. Immunization performance was found

to have a significant direct effect on sustainability. For evaluating sustainability, MMUs constitute an essential compo-
nent and an enabler of a sustainable healthcare system and universal health coverage.

Conclusion This study equips policymakers and public health professionals with the critical components of the MMU
operational model leading toward sustainability. The research framework provides reliable grounds for examining

the impact of scalability, affordability, and replicability on immunization coverage as the primary public healthcare
outcome.

Keywords Equity, Health care, Immunization, Mobile medical units, PLS-SEM, Sustainability

*Correspondence:

Deepika Sharma

deepikasharma.iitd@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12939-024-02260-x&domain=pdf

Patel et al. International Journal for Equity in Health (2024) 23:175

Background

As India advances towards universal healthcare with sub-
stantial improvements in coverage, addressing marginal-
ized communities remains a persistent concern for the
current healthcare system [1, 2]. Many improvements
have been made to India’s healthcare system as a result of
the country’s successful efforts to address a wide range of
challenges, such as unequal access to treatment, a dearth
of high-quality medical services, and inaccurate infor-
mation [3-6]. Hesitancy, social stigma, ignorance, and a
shortage of medical professionals have all contributed to
these difficulties and served as roadblocks to enhancing
access to healthcare for India’s rural, tribal, and under-
privileged people [7, 8]. Therefore, it is imperative to
implement broad innovative interventions in India’s cur-
rent primary healthcare system to address these issues
and advance universal health coverage.

In this context, mobile medical units (MMUSs) have
a tremendous potential to provide equal and effective
access to various healthcare facilities, including immuni-
zation clinics for the disadvantaged and immunocompro-
mised population [9, 10]. For communities cut off from
mainstream services due to climatic conditions, geogra-
phy, and social stigma, MMUs can be essential for pro-
viding service to immunocompromised, vulnerable, and
marginalized people living in remote and challenging
places [11, 12].

Research indicates that MMUSs have been crucial in
delivering specialized healthcare services in addition
to primary healthcare in rural regions [13, 14]. Also,
research has indicated that MMU s are particularly effec-
tive in delivering health care to India’s underprivileged
and neglected communities [15]. Hence, MMUs appear
promising in remote areas where local health services
lack the necessary resources. MMUs can provide pri-
mary healthcare services in locations lacking or with
insufficient established facilities and specialized service
delivery [16].

Mobile units, especially in certain areas of emer-
gency and preventive medicine, have shown consider-
able potential in rural regions, but MMUs should not be
adopted without careful assessment. The effective execu-
tion and long-term sustainability of this intervention
depend on evaluating the critical elements of the opera-
tional model for MMUs. While numerous studies have
highlighted the role of mobile medical units (MMUs) in
increasing healthcare accessibility, especially in remote
and underserved areas, there is a limited understand-
ing of the specific operational models adopted by these
units and their impact on healthcare outcomes [9-12].
The diversity in operational strategies, ranging from the
type of services offered, staffing models, technological
integration, to partnership networks, remains largely
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unexplored. Furthermore, while the immediate benefits
of MMU s, such as increased healthcare access, are well-
documented, there is a paucity of research examining
the long-term impact of these units on healthcare out-
comes along with the impact on sustaining these mod-
els for delivering other primary healthcare services. To
improve the operational model for the future and provide
a framework for policy analysis, it is crucial to compre-
hend the impacts of operational model components on
primary healthcare outcomes and the model’s sustain-
ability. Therefore, this study aims to achieve the following
research objectives:

RO1. To empirically determine the potential impact
of scalability, affordability, replicability, and immu-
nization performance on the sustainability of the
MMU:s operational model.

RO2. To develop a framework of MMUs for future
innovations in primary healthcare.

This study will empirically analyze the operational
model of MMUs to confirm the impact on performance
and sustainability. Jharkhand, Maharashtra, Megha-
laya, Karnataka, Telangana, and Tamil Nadu have been
selected as the sample states where the where the case
organization has been operationally implemented and
subjected to a thorough evaluation of these factors. The
relay of work can be used to revisit the components of
the operational model for MMUs by the practitioners
and policymakers. The theoretical underpinnings of this
study are presented in the following sub-sections, along
with the hypotheses developed for empirical validation.

Scalability
Various studies have identified scalability as a prominent
driver for improving healthcare outcomes [17, 18]. Scal-
ability is often associated with sustainability and higher
performance in terms of efficiency and increased immu-
nization coverage. Scalability in regard to a healthcare
intervention refers to its potential suitability for scal-
ing up. It is essential to have a clear understanding of
the term ‘scalability’ in the context of public health to
develop an effective health promotion intervention. Vari-
ous studies have been conducted to explore the indicators
for accurately measuring the scalability of public health
interventions and examining their impact on health out-
comes, such as immunization coverage and performance
[19, 20]. In this study we measured scalability by examin-
ing the delivery system, the availability of technical assis-
tance, the organizational capacity, management, financial
support, and partnerships.

Aspects like a delivery system that would ensure the reach
and expansion of mobile clinics are essential components
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of an efficient strategy. Similarly, technology plays a sig-
nificant role in the seamless dispersal of the immuniza-
tion program, and a technical assistant helps blur the lines
between the digital and physical worlds. Such integration
keeps the delivery of vaccines, scheduling of vaccination
drives, and other logistical concerns in check and ensures
accountability with regard to the number of individuals
immunized [21]. Another component that influences scal-
ability is the organizational capacity of the stakeholders, for
example in the mobile clinics employed in the COVID-19
vaccination drive. Mapping various areas of coordination
and utilizing the organizational capacity for various opera-
tional purposes has helped mobile clinics to achieve their
immunization targets. Advanced planning, timely delivery
of vaccines, transportation, securing of awareness creation,
mobilization of beneficiaries, proper registration, safe vac-
cination, and dispersal of certificates were crucial for criti-
cal ordination. All the elements discussed above require
decision support as well as financial support. Decision sup-
port should focus on the inclusiveness of the tribal areas for
immunization programs [22]. Similarly, financial support
was also directed toward achieving immunization targets
for the marginalized population, including tribal people,
daily wage workers, street vendors, sex workers, etc. [23].
The partnership between mobile clinics and government
agencies led to the creation of robust and scalable processes
that integrated infrastructural and digital spaces for the
successful deployment of a vaccine program [7].

Affordability

Affordability is essential for the government to provide
healthcare services to ensure vaccines for all. Especially
in a developing country like India, which comprises a
large population, where health budgets have to be out-
lined judiciously [24]. Specific mechanisms are needed
to ensure sustainable financing of vaccines available to
individuals from marginalized populations [25]. The abil-
ity of mobile clinics to cover the hard-to-reach parts of
the state was made possible only because of well-planned
transportation by a network of ambulances. Close man-
agement of the transportation costs was of immediate
need as the goal of the program was to bring a mobile
clinic within reach of everyone to vaccinate the marginal-
ized population [3]. Vaccination procurement and alloca-
tion were done appropriately by the government agencies
to smoothly execute the plan [8].

Consideration was not limited to transportation costs,
however, and the mobile clinic’s team was also concerned
about limiting waste as the vaccine solutions have a shelf-
life of around four hours after opening. Keeping the vac-
cine cold to limit waste helped to cut down the cost of
the vaccine and increase affordability [26]. Strong coor-
dination was needed between the mobile clinics’ team
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and government agencies to monitor and regulate the
deployment of vaccines once they were removed from
cold storage [8]. The other aspect that was required to be
regulated at this scale was the direct and indirect costs
of providing a robust infrastructure, including arrange-
ments for transporting elderly and disabled people,
and creating awareness in the population of the critical
importance of getting the second dose [27].

Replicability

Replicability of the mobile clinic model is also one more
way to guarantee a faster and higher coverage of target
population immunization. This would include clear and
transparent communication on the part of government
agencies regarding dedicated timelines, prioritization of
the groups to be vaccinated first, the types of vaccine,
and the vaccination schedules [28]. Training accredited
social health activists, doctors, data operators, and other
directly involved workers are also part of the replicabil-
ity strategy. Common aspects of such strategies include
developing awareness and vaccination knowledge,
acquiring the means to engage the community through
open-sourcing strategic partnerships with influential
local leaders to build confidence and trust for the medi-
cal community regarding the safety of the vaccine, pre-
venting the spread of misinformation and rumors, and
making vaccines available in hard-to-reach places [29].
Programs like mobile clinics can be replicated if govern-
ment agencies are familiar with social franchising, sub-
contracting, and branching out to develop the necessary
infrastructure [30]. Such healthcare-oriented interven-
tions can help achieve a higher percentage of vaccination
in the general population. Another strategy that can be
employed if necessary in resource-constrained areas is
to obtain support through public-private partnerships
(PPP), not just for the COVID-19 vaccination program
but also for other public healthcare initiatives [31].

Sustainability

The main objective of mobile clinics is to create sus-
tainability for long-term impact. Sustainable funding
for vaccines and vaccination programs comprises dis-
tribution costs, administrative expenses, surveillance,
record keeping, and other needs [1]. Government
agencies, the World Bank, and other multilateral banks
have allocated extensive resources to achieve vaccina-
tion targets worldwide [32]. However, such financial
support for the mobile clinic model should also have
an element of internal rate of return and a sustainable
cash flow [33]. Participation of government, private
companies, and non-profit organizations has incul-
cated trust among the general population regarding the
vaccine’s efficacy, safety, and affordability. This aspect
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of social sustainability is achieved through tailor-made
strategies to reassure the local population regarding
vaccine safety [34]. Technological assistance is one
way to generate engineering sustainability to facilitate
a mechanism to control pollution, recycle and reduce
waste. A robust data system to check vaccine storage
infrastructure, immunization schedules, and other
logistics-related matters has enhanced the accountabil-
ity of mobile clinics and established them as effective
vaccination instruments [35]. Maximum transpar-
ency and communication between stakeholders are
indispensable for a successful immunization program.
Seamless coordination between these parties can aid in
project management sustainability, not just at the local
level but also at the national level; vaccine roll-out can
be tracked, monitored, and evaluated, which helps in
formulating efficient campaigns for creating awareness
regarding vaccination importance [36]. Additionally,
a robust data infrastructure cannot exist without iso-
lated resources and environmental sustainability. Such
data is necessary to identify the individuals eligible for
priority vaccinations, create awareness, arrange trans-
portation, and ensure that beneficiaries get the second
dose [37]. The innovative methods adopted helped
to coordinate the central pool of vaccine distribution
with the local vaccination locations. Such a network

Fig. 1 Conceptual model for empirical testing
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ensured the efficient distribution of vaccines with lim-
ited wastage after they were removed from cold stor-
age [38].

Theoretical framework and development of hypotheses
The following hypotheses have been developed based
on the theoretical background described in the previ-
ous sub-sections to develop a theoretical foundation
for this study. The research hypotheses were designed
to demonstrate the relationship between the vari-
ous constructs used in this study. Figure 1 illustrates
the structural model for validating the three research
hypotheses designed to evaluate the direct relationship
between scalability, affordability, and replicability with
immunization performance and sustainability.

H,. Scalability positively influences immunization
performance.

H,. Scalability positively influences sustainability.

H,. Affordability positively influences immunization
performance.

H,. Affordability positively influences sustainability.
H;. Replicability positively influences immunization
performance.

Hg. Replicability positively influences sustainability.

Scalability H1
H2 | Immunization
Performance
H3
Affordability H4 H7
Sustainability
Replicability
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Methods

Case organization

In the context of mobile clinics in India, the study has
considered Jivika Healthcare’s VaccineOnWheels (VOW)
as the primary case organization. To develop an opera-
tional framework for MMUs by defining the components
and analyzing their impacts on immunization perfor-
mance as the primary healthcare outcome [39] and sus-
tainability, the Bill & Melinda Gates Foundation, Jivika
Healthcare Ltd, and the Indian Institute of Technology
Delhi partnered to conduct this research. In this regard,
Jivika Healthcare’s service innovation VaccineOnWheels
(VOW) has been regarded as one of several businesses
providing immunization services through mobile clinics.
In 2019, Jivika Healthcare Private Limited, in partner-
ship with the Indian Institute of Technology Hyderabad
and the Bill & Melinda Gates Foundation, launched Vac-
cine on Wheels, India’s doctor-based mobile vaccination
clinic with the objective of “ensuring access to quality
vaccination for all” through the following three goals:

a) to reduce "inequitable access" to vaccines and
increase immunization reach

b) to reduce the vaccine cost by cutting down out-of-
pocket expenses, including travel and missed wages

c) to create awareness of the critical importance of
immunization

Jivika’s mobile vaccination unit provide ‘doorstep’ ser-
vice to underserved communities hard-to-reach areas
with access to COVID-19 vaccines and up-to-date infor-
mation regarding vaccine safety and efficacy. To “meet
communities where they are,” mobile vaccine units and
staff conduct vaccination awareness camps among the
community to mitigate the impact of misinformation
regarding vaccination effects. In 2019, mobile clinics
began mobile vaccination service in Maharashtra’s Pune
city. In recent times, the mobile clinic service has been
spread across six states of India. Under public-private
partnership (PPP), with the support of governments, cor-
porate social responsibility (CSR), and non-profit gov-
ernment organizations (NGOs), the core idea of a mobile
clinic “reaching the unreached” grew rapidly. VOW pro-
vides sufficient grounds to understand the operational
model of a mobile clinic to create a transformative force
to increase immunization based upon collaboration with
various stakeholders, processes adopted, and strategies
implemented during the immunization drive.

This program helped to understand the gaps in the
vaccine delivery model from close quarters and identify
various issues faced by diverse stakeholders, primarily
infants/caregivers/parents, in getting vaccinated. VOW
has made vaccines accessible to the elderly, individuals

Page 5 of 15

with disabilities, female sex workers, tribal communities,
rural communities, street vendors, maids, slum residents,
frontline workers, the bedridden, and school children,
among other vulnerable segments of society. They have
also provided at-home service for those who could not
get to the vaccination center, especially persons with dis-
abilities. They have served the people residing in remote
locations of the six states through more than 200 mobile
vaccination units. Under the unique framework of the
PPP, vaccination was administered at a reduced cost for
beneficiaries with vaccines provided by the government.
The PPP model enables stakeholder collaboration across
industries under CSR, government, and NGOs to share
a commitment to making vaccination services available
even at the grass-roots level. This initiative should help
India achieve higher immunization penetration by get-
ting faster acceptance of vaccination, providing conveni-
ence, and reducing the cost of service with zero travel
cost, travel time, and lost wages.

Research instrument
The questionnaire was developed with the literature
review on the factors identified and the significant input
from a diverse team of healthcare professionals, includ-
ing public health experts and academic researchers who
have extensive experience in the field of healthcare deliv-
ery and MMUs. Their practical insights and hands-on
experience were invaluable in formulating relevant and
context-specific questions. Given the unique operational
environment of MMUs and the specific healthcare needs
of rural, tribal, and underprivileged populations in India,
we deemed it crucial to tailor the questionnaire to these
specific contexts. The expertise of the involved profes-
sionals ensured that the questions were both relevant and
comprehensive, covering critical aspects of scalability,
affordability, replicability, and sustainability.
Questionnaire development began with the identifica-
tion of the factors to be measured, followed by the selec-
tion of items to assess those factors, and then the testing
and refinement of the items. The questionnaire items
include five significant features derived from the litera-
ture linked with mobile clinics: scalability, affordability,
replicability, sustainability, and immunization perfor-
mance. Before distribution to respondents, a team of
health professionals and academic researchers evaluated
the questionnaire. The questionnaire contained six sub-
factors for scalability, three to describe affordability, four
to define replicability, and two to define sustainability.
To factorize the broad characteristics of mobile clinics,
eighteen, nine, twelve, six, and four items were proposed
to structure scalability, affordability, replicability, and sus-
tainability, respectively. An example of a statement from
the questionnaire describing the scalability of the mobile
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clinics’ delivery system is “Mobile clinics reply quickly to
vaccination-related questions from beneficiaries.”

Respondents to a questionnaire were directed to make
appropriate selections ranging from 1 (strongly disagree)
to 5 (strongly agree) for each item. A Likert scale rang-
ing from strongly disagree (1) to strongly agree (5) has
been utilized to simplify the response to the forty-nine
questionnaire items. Various studies have adopted simi-
lar empirical techniques for health and policy-related
research [40, 41].

Statistical analysis

Numerous research studies in health and policy sectors
utilize empirical methods including PLS-SEM and Covar-
iance-based SEM (CB-SEM) [40, 41]. While each method
has distinct goals and applications, they can be seen as
complementary [42]. In the realm of public health, PLS-
SEM is more apt than CB-SEM for identifying relation-
ships between key influencing factors [43]. The PLS-SEM
technique has become increasingly popular across
various disciplines due to its ability to calculate path
coefficients, handle latent variables in non-normal distri-
butions, and process data with modest sample sizes [44,
45]. The research model in this study was examined using
the Partial Least Square Structured Equation Modeling
(PLS-SEM) method [46]. This study employed Smart PLS
4.0, a renowned tool for PLS-SEM evaluations. The PLS
method, using the Smart-PLS 4.0 software, explored the
causal connections among constructs. Given the study’s
explorative nature, the PLS approach has been adopted.
Following the recommendations of Henseler et al. (2009),
a two-phase data analysis method was adopted [47]. Ini-
tially, the measurement model was evaluated, followed by
an exploration of the latent constructs’ interrelationships.
This two-phase approach ensures the reliability and
validity of measurements before delving into the model’s
structural dynamics [48].

Sampling technique

According to the standard method for determining
sample size in PLS-SEM studies, the model structure
should have at least 10 times the number of structural
routes [49, 50]. There’s a notable relationship between
sample size and statistical power. For a model with five
external variables, a minimum of 169 respondents is rec-
ommended to achieve 80% statistical power at a 5% sig-
nificance level [51, 52]. The study ensured to meet the
mentioned criteria.

Participants and procedures

The questionnaire assessed mobile clinics’ scalability,
affordability, replicability, immunization performance,
and sustainability. The target respondents for this study
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were healthcare stakeholders, including health offic-
ers, grassroots workers, mobile clinic operators, NGOs,
policymakers, and other support staff.

Initially, the questionnaire was tested in a pilot study
with a small group of healthcare stakeholders before it
was finalized. Feedback from the pilot study was used
to make any necessary revisions to the questionnaire.
Then, the data was acquired from 207 respondents from
the states of Jharkhand, Maharashtra, Meghalaya, Kar-
nataka, Telangana, and Tamil Nadu, directly involved in
a mobile clinic vaccination campaign. The respondents
occupied a variety of roles within the healthcare sys-
tem. The states were chosen to collect data since VOW
only operated in these states.

The survey was conducted using a self-administered
paper-based survey, which lasted for around two
months. Participants received the questionnaire in
English language and were provided with the detailed
explanation of the survey’s purpose and instructions
on how to complete it. The participants were selected
based on their professional roles and expertise in the
healthcare sector, specifically those with experience
in MMUs or similar healthcare delivery models. This
selection criterion ensured that respondents had the
necessary knowledge and expertise to answer the ques-
tions accurately.

An exploratory factor analysis (EFA) followed by a con-
firmatory factor analysis (CFA) was used to structure the
critical factors of mobile clinics for optimal immuniza-
tion performance and sustainability. This study employed
a survey-based methodology to conduct proper statistical
analyses to determine and validate the success factors of
mobile clinics.

Respondents’ profiles

The respondents included mobile clinic healthcare work-
ers, support employees, and consulting partners associ-
ated with mobile clinics (VOW). To better understand
the nature of respondents, we classified them into differ-
ent demographic profiles to interpret their contribution
in terms of gender distribution, states, and geography
(Refer Table 1). The number of female respondents was
only marginally higher than that of male ones, with the
female percentage at 51.21% and the male percentage at
48.79%. This shows a great degree of gender equitabil-
ity in India’s fight against the COVID-19 pandemic, a
remarkable sign of equality. Telangana had the highest
number of responses (47.34%), followed by Maharashtra
(29.5%), showing a non-uniform trend, with the other
states being much lower. Thus, the state-wise distribution
was governed by the severity of the pandemic showing
drastic differences in percentage.
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Table 1 Demographic profile of respondents

N=207 Percentage
States
Jharkhand 15 7.24%
Maharashtra 61 29.47%
Meghalaya 12 5.79%
Karnataka 18 8.69%
Tamil Nadu 4 1.93%
Telangana 98 47.34%
Gender
Male (Gender 1) 101 48.79%
Female (Gender 2) 106 51.21%
Results
EFA Results

EFA was used as a first stage in the factorization pro-
cess to extract a factor structure that ensures concep-
tual significance to the overall study. The initial sample
of 100 responses was considered for exercising the EFA.
The factor accounting for the most significant common
variance was deleted during factor extraction. The Kai-
ser-Meyer- Olkin (KMO) test was used to ensure data
sufficiency for the EFA. The KMO value from the analy-
sis was 0.837, which is considered meritorious by various
studies. EFA was carried out using principal component
analysis as the extraction method and Varimax rotation
as the rotation method. During the EFA procedure, the
cross-loading items were deleted iteratively to increase
the reliability parameters and obtain a perfect set of fac-
tors. Twelve items were deleted throughout this iterative
procedure, yielding five factors with eigenvalues greater
than one. Table 2 shows the extracted factors and associ-
ated items from EFA.

CFA Results

The analysis was carried out to evaluate the derived
measurement model using IBM SPSS AMOS 26 [53].
To begin, Cronbach’s alpha (a) and composite reliability
(CR) were used to evaluate internal consistency reliabil-
ity. The values of « for all obtained factors were more sig-
nificant than 0.8, while those linked with CR were greater
than 0.8. Both a and CR values indicate commendable
fit, which implies that they are more significant than
the acceptable threshold of 0.7 for all factors [52], which
means that the internal consistency reliability is satisfac-
tory. The outer loadings and average variance extracted
(AVE) were examined to assess convergent validity. The
outside loading values were >0.7, whereas the AVEs val-
ues were more significant than 0.5. [54]. Thus, conver-
gent validity of the factors was ensured by these findings.
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Table 3 displays the extracted values for the three outer
loadings, Cronbach’s alpha, composite reliability, and
average variance.

It was observed that the CFA measurement model fit-
ted the data effectively. Comparative fit index (CFI),
standardized root mean square residual (SRMR), and
root mean square error of approximation (RMSEA) were
calculated to be 0.96, 0.0503, and 0.035, respectively.
Detailed information is provided in Table 4.

In addition, discriminant validity was evaluated using
the Heterotrait-monotrait ratio (HTMT), as shown in
Table 5. Based on these findings, it is apparent that the
discriminant validity of the components in the proposed
model was significantly validated by the HTMT stand-
ards [54].

Path model assessment

The model developed in the paper illustrates six critical
hypotheses regarding the influence of scalability, afford-
ability, and replicability on immunization performance
and sustainability. Moreover, the model demonstrates
the hypothesized link between immunization perfor-
mance and sustainability. For the empirical validation of
the model, the gathered data were utilized to examine the
hypothesized correlations. Using SmartPLS 4.0 software,
the model was empirically validated (Refer Fig. 2). Table 6
displays the results obtained by analyzing the structural
model. All factors (SAR) were discovered to impact
immunization performance substantially. While exam-
ining the direct effect of independent factors (SAR) on
sustainability, it was observed that only affordability posi-
tively affected sustainability. It was also noticeable from
the tested model that there was a significant path from
immunization performance to sustainability. It is evi-
dent from Table 6 that the model has been validated and
that several significant hypotheses were supported. The
model also revealed an SRMR value of 0.053, indicating a
satisfactory model fit. Analysis reveals that the R-squared
values for immunization performance and sustainability
were 0.494 and 0.290, respectively.

In general, all significant relationships have values
ranging from 0.17 to 0.33. Regarding the effect of inde-
pendent factors on immunization performance, all three
factors (SAR) have a substantial direct effect. Scalability
and replicability were found to have a more substantial
influence on immunization performance than affordabil-
ity. The effect () values presented for hypotheses H; and
H; are 0.28 and 0.33, respectively.

The B value of affordability on immunization perfor-
mance (H;) was 0.274. Comparing all three hypothesized
links revealed that replicability had the most significant
impact, followed by scalability and affordability. Simi-
larly, when investigating the direct relationship between
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Table 2 Results of EFA

Items Factors

Scalability Replicability Affordability Sustainability Immunization
Performance

Mobile clinics utilize standard operating procedures to rapidly recover 0.869 - - - -
from any service delivery failure during the vaccination program

Mobile clinics communicated the information regarding the vaccination  0.868 - - - -
program among communities to promote vaccination up-take

Mobile clinics targeted community-level interventions to overcome any ~ 0.862 - - - -
vaccine-related community reluctance

There is the smooth operation of data integration between mobile clin-  0.752 - - - -
ics and government health agency

There is on-time access to data by the mobile clinics during the vaccina-  0.722 - - - -
tion program

Mobile clinics guarantee on-time fulfillment of vaccination targets 0.709 - - - -
Mobile clinics can adapt adequately to rapidly changing environments ~ 0.708 - - - -

Mobile clinics collaboration is helpful for the government health agency  0.704 - - - -
during the vaccination program

There is specialized training available to the members of mobile clinics ~ 0.681 - - - -

There are specialized instructions for mobile clinics to use the CoWIN 0.666 - - - -
portal

The range of expertise of the mobile clinics strengthens the capacity - 0.813 - - -
of the vaccination program.

Mobile clinics progressively strengthened the vaccination program - 0.751 - - -
through strategic partnerships with the government health agency.

Mobile clinics had open sourcing of vaccination from the government - 0.740 - - -
health agency to decrease the required logistics costs.

Mobile clinics had appropriate interventions in the vaccination program - 0.729 - - -
for building capacity in the hard-to-reach interior areas.

Mobile clinics had professional health workers. - 0.718 - - -
Mobile clinics improved the efficient use of resources using information - 0.707 - - -
technology.

Mobile clinics’health workers possessed the required knowledge - 0.662 - - -
about the execution of the vaccination program.

Mobile clinics'strategic partnership with the stakeholders encourages - 0.655 - - -
innovation in the vaccination program.

Mobile clinicshealth workers could record and report vaccination data - 0.635 - - -
more efficiently.

Mobile clinics had cold storage equipment available at state, district, - - 0.828 - -
and health facility levels.

A cost is involved in enhancing vaccine delivery, surveillance, and train- - - 0.775 - -
ing.

Mobile clinics had waste-handling procedures for the overall effective- - - 0.737 - -
ness of the vaccination process.

Mobile clinics provided financial support for distributing vaccines - - 0.733 - -
and monitoring the vaccination program.

Vaccination through mobile clinics was cost-effective. - 0.731 -

The vaccination program was effectively executed according - - 0.700 - -
to the health budgets.

Mobile clinics have the availability of vaccines and priority ordering - - 0.689 -
of vaccines.

Mobile clinics have appropriate and effective injection-related waste - - 0.646 - -
disposal methods.

Mobile clinics promote an ecosystem for the sustainable vaccination - - - 0.871 -
program.

Stakeholders are satisfied with the work of mobile clinics. - - - 0.777 -
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Table 2 (continued)
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Items

Factors

Scalability

Replicability Affordability Sustainability Immunization
Performance

Mobile clinics have an effective partnership with the stakeholders
for project completion.

Mobile clinics are approved, planned, and evaluated according to their
performance.

Mobile clinics provide local employment opportunities.
Mobile clinics have standardized practices for healthcare workers.

The introduction of the mobile vaccination program positively affects
COVID-19 vaccination coverage.

Mobile clinics recommend targeting the hard-to-reach areas to improve
population immunity and interrupt COVID-19 transmission as one of its
strategic priorities.

Mobile clinics improve the vaccination rate.

Vaccination coverage is significantly increased under the mobile clinic
program.

0.739 -

0.704 -

- 0.698 -
0.685 -
0.933

0.844

0.787
0.674

independent factors (SAR) and the sustainability of
mobile clinics, the reported B value for the only signifi-
cant influence of affordability was 0.173. In addition, the
hypothesized pathway between immunization perfor-
mance and sustainability was observed, providing evi-
dence for the association. The reported P value for the
relationship between immunization performance and
mobile clinics’ sustainability was 0.232. Table 6 provides
information regarding the validation of hypothesized
linkages.

Discussion

Equitable access to healthcare and immunizations is cru-
cial for promoting public health, particularly in under-
served rural and tribal areas. Mobile Medical Units
(MMUs) represent a valuable community-based service
delivery approach to address healthcare disparities in
both urban and rural settings. While MMUs have been
recognized as essential providers of medical care, their
full potential and effectiveness have not been compre-
hensively explored in previous studies. This empirical
study was conducted to shed light on the critical factors
influencing the effectiveness and sustainability of mobile
clinics for immunization programs.

The primary objective of this study was to discern
the critical components of the operational model for
MMUs and assess their impact on immunization per-
formance and the sustainability of the model within
the context of primary healthcare. For this purpose, a
quantitative analysis assessed the five key factors: scal-
ability, affordability, replicability, immunization per-
formance, and sustainability. By employing structural
equation modeling, the direct effects of these factors

were examined. We aimed to construct a framework of
guidelines that could enhance healthcare coverage in
developing countries, specifically focusing on develop-
ing countries like India. The findings directly address
the research objectives by elucidating the relationships
among scalability, affordability, replicability, immuni-
zation performance, and sustainability of the MMUs
operational model. In support of RO1, the results
showcased that scalability, affordability, and replicabil-
ity (SAR) significantly influence immunization perfor-
mance, with replicability having the most substantial
impact. Furthermore, immunization performance has a
direct effect on the sustainability of MMUs, underscor-
ing its crucial role. These findings collectively inform
the development of a comprehensive framework for
MMUs, as outlined in RO2. This framework emphasizes
that to achieve sustainable primary healthcare innova-
tions, MMUs must prioritize enhancing immunization
performance through scalable, affordable, and repli-
cable models. By directly linking these empirical find-
ings to our research objectives, we provide actionable
insights for policymakers and healthcare professionals.
Our empirical findings have yielded valuable insights
into the factors contributing to mobile clinics’ suc-
cessful operation in India. Scalability primarily hinges
on a well-defined delivery system, technical support,
organizational capability, partnerships, integration, and
community engagement. Affordability is closely linked
to factors such as the procurement and distribution of
vaccines, cold storage infrastructure, waste manage-
ment, and managing both direct and indirect costs.
Replicability, however, depends on open-sourcing
training, strategic collaboration, and capacity building.
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Table 3 Outer loadings, Cronbach’s alpha, CR, and AVE
Factors Items Outer Loadings Cronbach’s Alpha (a) Composite Reliability ~ Average
(CR) Variance
Extracted (AVE)
Scalability sc2_ds2 0.954 0.825 0.938 0.582
sc18_ce3 0.770
scl7_ce2 0.747
sc13_intl 0.726
sc15_int3 0.763
sc3_ds3 0.713
ScH_ts3 0.698
sc12_p3 0.772
sc1_ds1 0.785
sc/_ocl 0.715
sc5_ts2 0.714
Replicability rp10_bcl 0.921 0914 0.920 0.561
rp2_os2 0.724
rp4_trl 0.710
rp7_spl 0.755
rp12_bc3 0.759
rp6_tr3 0.700
rp5_tr2 0.731
rp3_os3 0.713
rp8_sp2 0.705
Affordability af4_cswm1 0.926 0915 0.919 0.588
af2_vpa2 0.740
af5_cswm?2 0.751
af7_dic1 0.777
af8_dic2 0.754
af1_vpal 0.748
afé_cswm3 0.691
af9_dic3 0.723
Sustainability st1_sstl 0913 0.841 0.846 0.484
st3_sst3 0.677
St2_sst2 0.629
st4_pmst1 0.654
st5_pmst2 0.657
st6_pmst3 0.599
Immunization Perfor- ip_ic2 0.909 0.858 0.866 0.621
mance ip_ic4 0.794
ip_ic3 0.766
ip_icl 0.663

In the sustainability domain, a significant empha-
sis was placed on developing an ecosystem that sup-
ports the enduring presence of mobile clinics. This
involves effective management strategies that ensure
both social and project sustainability. This includes
securing funding for vaccines, equipment, maintenance,
and staff salaries, establishing strategic partnerships
with local stakeholders, raising public awareness about

immunization programs, and ensuring equitable access
to quality immunization services for all, regardless of
socioeconomic status or geographical location.

During the factorization process, it became evident that
the delivery system is pivotal in determining scalability.
Successful mobile clinics must implement standard oper-
ating procedures, maintain effective communication and
data management systems, and possess a well-trained
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Table 4 Model fit indices

Measure Estimate Threshold Interpretation
CMIN 819.990 - -

DF 655.000 - -

CMIN/DF 1.252 Between 1and 3 Excellent

CFl 0.966 >0.95 Excellent
SRMR 0.052 <0.08 Excellent
RMSEA 0.035 <0.06 Excellent
PClose 1.000 >0.05 Excellent

workforce capable of allocating resources efficiently to
meet the diverse needs of their communities.

Similarly, in terms of affordability, cold storage and
waste management emerged as the key factors. Ensur-
ing that vaccines are stored at the appropriate tempera-
ture during transportation, particularly in remote areas,
is essential for cost-effectiveness and minimizing dose
wastage in immunization programs.

In the context of replicability, capacity building was
identified as the strongest indicator. Building the compe-
tence of mobile clinic teams, which include nurse prac-
titioners, physicians, public health workers, and other
healthcare professionals, is critical for agile and effective
vaccine delivery. Proper training and adherence to best
practices are essential for success.

Lastly, when examining the ’sustainability’ factor, it
became evident that creating an ecosystem conducive

Table 5 Discriminant validity assessment using the HTMT Test
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to the long-term operation of mobile clinics is vital.
This involves continuous monitoring, sound finan-
cial planning, strategic partnerships, public awareness
campaigns, and a commitment to equitable service
provision.

Considering the overall model, the validated frame-
work highlights the significance of scalability, afford-
ability, and replicability in improving immunization
performance. However, while affordability significantly
impacts sustainability, the other factors appear to have
no direct influence. Nevertheless, a strong link exists
between immunization performance and the sustain-
ability of mobile clinics. Affordable mobile clinics
are more likely to be utilized, resulting in improved
immunization rates and greater sustainability due to
increased demand. Furthermore, the scalability and
replicability of mobile clinics enables them to adapt
to various contexts, which encourages broader adop-
tion and, consequently, enhances their long-term sus-
tainability. This study underscores the vitality of these
factors in optimizing the impact of mobile clinics in
advancing public health goals.

Previous studies have highlighted the challenges and
benefits of scaling up healthcare interventions and rep-
licating successful models in different settings. Our
study builds on this body of work by empirically dem-
onstrating that while scalability and replicability do not
have a direct effect on sustainability, they significantly
influence immunization performance, which in turn

Scalability Replicability Affordability Sustainability Immunization
Performance
Scalability
Replicability 0.480
Affordability 0407 0.520
Sustainability 0442 0467 0468
Immunization Perfor- 0.596 0.663 0.603 0.559
mance
Table 6 Direct effects result
Hypothesis Path B T Statistics P-values
H, Scalability — Immunization performance 0.285 5.281 0.000
H, Scalability — Sustainability 0.137 1.724 0.085
H, Affordability — Immunization performance 0.274 4.774 0.000
H, Affordability — Sustainability 0.173 2.149 0.032
Hs Replicability — Immunization performance 0.331 5463 0.000
He Replicability — Sustainability 0.134 1.533 0.125
H, Immunization performance — Sustainability 0.232 2.352 0.019
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Scalability

0.137 (0.085)

0.274 (0.000)

Affordability 0.331 (0.000)

0.173 (0.032)

Replicability
Fig. 2 Empirical validation of the model

impacts sustainability. This finding adds a nuanced
understanding of the indirect pathways through which
these factors contribute to sustainable healthcare
systems.

Affordability has consistently been recognized as a crit-
ical factor in healthcare delivery, particularly in resource-
constrained settings. Our results corroborate this by
showing that affordability significantly impacts immuni-
zation performance, thus reinforcing the need for cost-
effective healthcare solutions. This aligns with existing
literature that emphasizes the importance of economic
feasibility in healthcare interventions.

This study confirms the pivotal role of immunization
performance in achieving sustainability, consistent with
prior research that underscores the importance of effec-
tive immunization programs for long-term health out-
comes. By linking immunization performance directly to
sustainability, our findings provide empirical support for
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0.285 (0.000)

Immunization Performance

0.232 (0.019)

4

0.290

Sustainability

0.134 (0.125)

strategies aimed at enhancing immunization coverage as
a pathway to sustainable healthcare.

The healthcare challenges addressed in this study, such
as equitable access to healthcare for rural, tribal, and
underprivileged populations, are not unique to India.
Many developing countries face similar issues, making
the findings of this study potentially applicable to other
contexts. The operational model of MMUs evaluated
in this study can serve as a reference for other develop-
ing countries looking to implement or enhance similar
healthcare interventions.

The concept of scalability, as evaluated in this study,
involves expanding healthcare interventions while main-
taining effectiveness and efficiency. This aspect is crucial
for developing countries with large rural populations and
limited healthcare infrastructure. Affordability is a signif-
icant consideration in many developing countries where
economic constraints limit access to healthcare services.
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The insights from this study on making MMUs cost-
effective can guide policymakers in similar settings. The
ability to replicate successful healthcare interventions in
different settings is vital for broader implementation. The
findings of this study on the replicability of MMUs can
inform strategies in other developing countries to achieve
consistent healthcare outcomes. Ensuring the long-term
sustainability of healthcare interventions is a common
challenge across developing nations. The study’s findings
on the sustainability of MMUs provide a framework for
integrating such models into existing health systems for
lasting impact.

Conclusion

Research on improving the sustainability of MMUs has
not received much attention in developing countries and
has also been recognized as a prominent gap in the past
literature [10]. This study recognized that MMUs have
the capability to engage and win underprivileged peo-
ple’s trust by driving directly into communities and open-
ing their doors on the steps of their target beneficiaries.
Services offered by MMUs have been proven to enhance
immunization coverage and individual health outcomes,
advance community health, and lower healthcare costs
compared with typical clinical settings because MMUs
can overcome numerous healthcare barriers. MMUSs can
operate as significant players in our developing health-
care system since they can address social, behavioral, and
medical health challenges and act as a bridge between the
physical clinics and the community. Continuous research
must be conducted to resolve the problems and enhance
the capacity of MMUs, strengthen the cost-effectiveness
of MMUs services, and explore both qualitative and
quantitative evidence to advocate for more widespread
integration of MMU s into the public health ecosystem to
tackle some of the most significant challenges facing pri-
mary healthcare services in the current day.

The study examined the impact of scalability, afford-
ability, and replicability on immunization performance
and further the effect of immunization performance on
the sustainability of the MMUs operation model in the
future. While the initiative applies to all regions, it ben-
efited Tier-II, rural, and tribal communities. The mobile
vaccination program aims to reach and vaccinate peo-
ple in hard-to-reach locations. In this way, the program
had firmly established itself in urban catchment areas,
rural and tribal communities. Finally, a similar model is
believed to be replicated in other distant and underprivi-
leged regions of India where healthcare services are lack-
ing. For future routine immunization programs and other
primary healthcare services in rural and tribal areas, a
similar strategy can be implemented.
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Additionally, this study has several limitations that
should be acknowledged. The operational model of
MMUs might vary significantly across different regions
and settings. The study’s findings on scalability, afford-
ability, and replicability may therefore need contextual
adaptation when applied to different healthcare envi-
ronments. Also, the data were collected from healthcare
professionals in six states of India, which may not fully
represent the diversity of healthcare settings across the
entire country. Consequently, the findings may not be
entirely generalizable to other regions within India or to
other countries with different healthcare contexts.

Implications and future research avenues

MMUs have been recognized as a transformative inter-
vention towards equitable access to health care and the
achievement of universal health coverage in developing
countries like India. MMU s can be efficient alternatives for
delivering quality healthcare to the most vulnerable popu-
lations and improving the early diagnosis of various dis-
eases. Practically, this study equips policymakers and public
health professionals with the critical components of the
MMUs operational model leading toward sustainability. The
research framework provides reliable grounds for examin-
ing the impact of scalability, affordability, and replicability
on immunization coverage as the primary public health-
care outcome. The model can be employed in planning and
developing an ecosystem of MMUs for underserved popula-
tions and integrating MMUs into the public health structure
of a developing country. The model can also be utilized as
a management tool for monitoring and assessment of vari-
ous interventions to be introduced along with MMU s in the
future. Practitioners can assess the scalability and affordabil-
ity of their interventions and improve their decision-making
by examining the impact on sustainability.

Our study has primarily identified the impact of scal-
ability, affordability, and replicability on immunization
performance, but the model could be extended by exam-
ining how the technological readiness of MMUs influ-
ences their sustainability. Also, future researchers could
explore other public health outcomes and measure the
overall impact of scalability, affordability, and replicabil-
ity on public health in general. In addition, it has been
suggested that future researchers utilize a multiple case
study approach to examine the impact of the critical
components of MMU operation by generating evidence
from more than one case organization and covering a
wider range of geographies in India.

Abbreviations

MMUs Mobile medical units

SAR Scalability, affordability, replicability

PLS-SEM Partial least squares structural equation modeling
VOW VaccineOnWheels



Patel et al. International Journal for Equity in Health (2024) 23:175

COVID-19  Coronavirus Disease 2019

PPP Public-private partnership

NGOs Non-profit government organizations
CSR Corporate social responsibility

CB-SEM Covariance based structural equation modeling
EFA Exploratory factor analysis

KMO Kaiser-Meyer-Olkin

CFA Confirmatory factor analysis

CR Composite reliability

AVE Average variance extracted

CFI Comparative fit index

SRMR Standardized root mean square residual
HTMT Heterotrait-monotrait ratio

RMSEA Root mean square error of approximation
B value Effect value
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