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Abstract

This study aims to evaluate the cost-benefit of vaccination services, mostly partial series 

administration, provided by a mobile clinic program (MCP) in Houston for children of transient 

and low-income families. The study included 469 patients who visited the mobile clinics on 

regular service days in 2 study periods in 2014 and 836 patients who attended vaccination events 

in the summer of 2014. The benefit of partial series vaccination was estimated based on vaccine 

efficacy/effectiveness data. Our conservative cost-benefit estimates show that, compared with 

office-based settings, every dollar spent on vaccination by the MCP would result in $0.9 societal 

cost averted as an incremental benefit in regular service days and $3.7 during vaccination-only 

events. To further improve the cost-benefit of vaccination services in the MCP, decision-makers 

and stakeholders may consider improving work efficiency during regular service days or hosting 

more vaccination events.
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Pediatric mobile clinic programs (MCPs) often provide interim care to transient populations. 

Although mobile programs fulfill unmet medical needs, they have been criticized for 

potentially fragmenting medical care and treating patients who would otherwise have sought 

care in a medical home.1 While these programs require substantial financial investment 

for medical supplies, staff, and administration, their benefits are not easily quantified. 

Historically, evaluations of MCPs have been limited to assessments of the number of 

patients served, medications provided, or screening tests performed over a given time period. 

Although evaluation approaches have evolved in recent years and now include assessments 

of cost savings through averted hospitalizations and emergency department visits, these are 

specific to preexisting medical conditions, such as asthma or dental care. Evaluation models 

of routine pediatric care provided by mobile clinics remain limited.2–5

This study evaluates vaccination services provided by a pediatric MCP in Houston. The 

program has been serving children from transient and low-income families in medically 

underserved areas in Houston since 2000. This study focuses on vaccination services, a 

major service of pediatric care. As children often receive care from multiple providers 

throughout their childhood, vaccines administered by pediatric mobile clinics are primarily 

for catch-up purposes. While existing literature commonly assumes that patients complete 

a full series of vaccines from one provider, many children receive partial vaccine series in 

mobile and nonmobile settings. To the best of our knowledge, no study has distinguished 

the provision of partial series from full series when evaluating vaccination services in any 

setting.

Methods

Data Collection and Participants

This evaluation is based on vaccination services provided by the MCP in 2014. The MCP 

has 4 English-Spanish bilingual providers and 5 English-Spanish bilingual staff members 

working in 2 fully equipped pediatric mobile clinics. For over 10 months of each year, the 

mobile clinics function like typical pediatric clinics offering well-child care, school and 

sports physicals, urgent care, laboratory services, and immunization. These are considered as 

regular service days. During late-July to August, the mobile clinics host vaccine-only events 

providing immunization to children whose vaccines are not up-to-date for school entry in the 

Fall. Data were collected separately for regular service days and summer vaccine-only event 

days to account for these operational differences (more detailed description in Appendix 

Table A1).

Regular Service Days.—A time study was designed to collect data for patients who 

visited either of the 2 mobile clinics during regular service days. Two data collection 

periods (April 28–May 8, 2014 and September 2–25, 2014) deemed to be representative 

of patient flow during regular service days were chosen. A time study flow sheet was 

used to document the time a patient arrived at the mobile clinic as well as the times that 

the patient was transitioned to different areas within the mobile clinic. Time data were 

verified before discharge and then used to calculate the time spent on each step of the 

visit (registration, waiting, and seeing a provider). Patient demographics (age, sex, preferred 
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language, and insurance type), visit characteristics (new or returning patient, mobile clinic 

location, and type of visit), and travel time to the mobile clinic location were also captured. 

Vaccination records for each patient were photocopied. When patients informed the staff that 

there might be missing information in their record, historical vaccine records were obtained 

electronically by the staff from the Texas statewide immunization registry, ImmTrac.

Vaccine-Only Events.—For vaccine-only events (held during August 2–16, 2014), we 

documented patient age, sex, and vaccines administered (dose number and vaccine type). 

Dose numbers (ordinal number of a dose in a series) were confirmed from the immunization 

record the parent presented. Other information was not collected due to the large volume of 

patients and the limited time available per patient.

Evaluating Costs

Costs incurred during regular service days and summer event days were estimated 

separately. Summer events are for vaccination only. Thus, all resources consumed were 

attributable to vaccination services. For regular service days, we determined the proportion 

of resources consumption based on time spent on vaccination-related activities. We stratified 

observations by visit types and examined the differences in time use for registration, waiting, 

and seeing a provider. For visits with vaccination, we also distinguished time use by vaccine 

doses given.

We estimated 3 different types of cost (MCP’s cost, direct cost, and societal cost) of 

vaccination services. MCP’s cost is the portion of the total MCP program cost that 

is attributable to vaccination. The program cost, which covered all operating expenses 

(including overhead), was obtained from the MCP 2014 financial report. Our direct cost 

estimate included the cost of MCP, capital cost, vaccine cost, as well as travel cost for 

patients and parents traveling to the mobile clinics. The societal cost is direct costs plus 

time loss or opportunity costs of parents and volunteers (see Appendix: “Cost Estimates of 

Vaccination in a Mobile Clinic Setting” for more details).

Benefit Measures

While the benefit of full vaccine series is well documented,8 there are insufficient data on 

the benefit by dose. Studies that compare different dose schedules usually report differences 

in vaccine efficacy/effectiveness or duration of protection. The benefit to each patient could 

also vary substantially due to differences in individual immune and memory responses or 

time interval between doses. There is no measure that reconciles benefits in all aspects.

In this study, we assume that each dose contributes to the benefit of a full vaccine series 

by a percentage (percentages of all doses sum up to 100%). Although imperfect, we based 

our percentages of per dose benefit primarily on efficacy/effectiveness data from existing 

studies.9–19 For example, it is reported that 1 dose of single-antigen varicella vaccine is 85% 

effective at preventing any form of varicella and 2 doses of the same vaccine is 93% (mean 

of a range from 88% to 98% in post-licensure studies).9 We, therefore, assume that the first 

dose contributes 91% (=85%/93%) and the second dose contributes 9% of the benefit of a 

full series of varicella vaccines. For vaccines without reliable efficacy/ effectiveness data, we 
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searched for evidence on duration of protection or other benefit and made assumptions about 

per dose benefit accordingly. Table A3(a) in the Appendix summarizes the percentages used 

in the baseline analysis and the corresponding references.

To convert the percentages of benefit into benefit in dollars, we multiplied the percentages 

by the benefit of a full vaccine series in dollars. The full-series benefit is measured by 

direct and societal costs averted (more details in Appendix: “Benefit Estimates of Full 

Series of Vaccines”). Table A4 listed the benefit estimates we used and corresponding 

references.8,20–22

We also observed which dose in a vaccine series a patient received, so we were able to 

estimate the percentage of vaccines given by dose order (see Table A3[a]). Combining the 

benefit by dose order and proportions of doses by dose order, we estimated the total benefit 

of vaccines, mostly given as partial series, in the study.

Cost-Benefit Analysis

We estimated the incremental cost-benefit of receiving vaccination from the MCP in 

comparison to office-based settings. Namely, we assumed patients would go to providers 

in office-based settings for vaccination if the MCP was not available.

Although it may not be as convenient for the served patient population (mostly uninsured 

or Medicaid-eligible children in medically underserved areas) to turn to other providers 

like pediatrician’s offices or Houston Health Department’s immunization clinics (due 

to geographic barriers, time constraints, economic barriers, inconvenience in obtaining 

appointment for vaccination outside the wellness checkup window, difficulties in finding 

doctor accepting uninsured or Medicaid patients, etc), we assume some patients managed 

to do so, with the probability equal to the vaccine coverage rate. While we did not 

observe coverage rates when the MCP was not available, we used coverage estimates by 

vaccine component from the National Immunization Survey among children living below 

the poverty level in the City of Houston24,25 (except for influenza vaccines; more details 

in the Appendix: “Vaccination Coverage Rates Used to Estimate Benefit of Vaccination in 

Office-Based Settings”). The coverage rates used for each dose of vaccine components are 

listed in Appendix Table A3(b). We calculated the hypothetical number of doses that could 

be given in office-based settings for each vaccine component. The incremental benefit of the 

MCP is the difference in cost averted among children who vaccinated in the MCP and in the 

office-based settings.

To calculate incremental cost of vaccination services provided by MCP compared with 

office-based settings, we made further assumptions on provider’s cost of vaccination in 

office-based settings (more details in the Appendix: “Cost of Vaccination in Office-Based 

Settings,”). The cost estimates are summarized in Appendix Table A5.

Combining the cost and benefit estimates in the 2 settings, we derived the incremental 

benefit-cost ratio (BCR) for the MCP.
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Sensitivity Analyses

Given uncertainties in various parameters in the model, we conducted a series of sensitivity 

analyses. Sensitivity analyses (1) to (4) assessed the impact of uncertainties in benefit 

estimation. We (1) showed varied vaccine coverage rate estimates within their 95% 

confidence intervals (see Appendix Table A3[c]); (2) let estimates of vaccine benefits 

(direct/societal costs averted) fluctuate below and above the baseline; (3) varied the 

percentage of benefit attributable to the nth dose; and (4) varied the percentages of doses 

given as the nth dose. In sensitivity analyses (5) to (8), we considered variations in cost 

elements, including: (5) the proportion of resources consumed attributable to vaccination 

during regular service days; (6) life years of mobile clinics vary; (7) opportunity cost of 

parents and volunteers; and (8) travel cost. In sensitivity analysis (9), we showed cost-benefit 

estimates in comparison to no vaccination, which means children would forgo vaccination 

had MCP not existed. We explained each analysis in more detail in the Appendix: 

“Sensitivity Analyses”.

We conducted probabilistic sensitivity analyses for (1), (3), and (4) using a Monte Carlo 

Simulation approach and randomly drew input parameters 10 000 times from independent 

probability distributions (truncated normal distributions for (1) and uniform distributions for 

(3) and (4)) to estimate 95% credibility intervals of incremental BCRs. For (2) and (5) to 

(8), we performed 1-way sensitivity analyses. For (9), it is equivalent to a raw, rather than 

incremental, cost-benefit estimates from the baseline model.

Results

To evaluate vaccination services provided by the MCP in 2014, time study data were 

collected for 469 patients during regular service days and vaccine data were collected for 

836 patients during summer vaccine-only events. During regular service days, 81.2% of 

the patients received vaccines. A visit by parent(s) with 1 child lasted 113 and 95 minutes 

on average in regular service days and during summer events, respectively (Table 1). No 

differences were found in age, sex, or number of doses given among vaccinated children 

across regular service days and summer event days. The patients’ mean age was 9 years, 

with about half boys, and 3 doses as the average number of doses received among those 

vaccinated, in both regular service days and summer event days. Among regular-service 

patients, 67.6% were new patients and 89.9% were uninsured. A total of 62.7% spoke 

Spanish as their primary language, and 62.1% of families brought 1 child to the MCP for 

medical care (Appendix Table A2).

Costs of Vaccine-Related Activities

From the time study data, we estimated that 75% of regular service visit time was spent 

on vaccine-related activities, which was used as the proportion of resource consumption 

attributable to vaccination during regular service days of the whole year (Table 1). Visits that 

involved no vaccination or time spent on other services accounted for the remaining 25% of 

the regular service visit time. In 2014, vaccine services cost nearly $700000 ($39/dose) to 

the MCP, about $1720000 ($97/dose) as a direct cost, and nearly $1795000 ($101/dose) as 
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a societal cost. The per dose costs were much lower in summer event days than in regular 

service days, due to the large volumes of vaccines administered at summer events.

Costs Averted by Vaccination

We derived the direct and societal costs averted by vaccine component using data of vaccine 

dose counts, percentages of doses by dose order, percentages of benefit contributed by each 

dose, and benefit of a full vaccine series (listed in Appendix Tables A3 and A4). The total 

direct and societal costs averted were over $2.5 million and over $7.3 million, respectively 

(Table 2). The benefit derived from vaccination during regular service days were more than 

that during summer event days (approximately $1.5 million vs $1.0 million of direct cost 

averted and $4.4 million vs $3.0 million of societal cost averted), since the total doses given 

in over 10 months of regular service days exceeded that given in summer-event months.

Cost-Benefit Analysis

Table 3 summarizes the cost-benefit results of vaccination services provided by the MCP in 

2014 compared with office-based settings.

We found that the cost of vaccination in office-based settings was lower than costs in 

the MCP, primarily because of lower provider’s cost (we assumed office-based providers’ 

cost of vaccination was covered by administration fee, which was up to $22.06 per dose 

in Houston (Houston Health Department)28) and lower vaccination purchase cost (fewer 

vaccines administered in office-based setting). The cost difference was greater in the regular 

service days than in the summer event days.

The benefit of vaccines administered in alternative settings sums up to over $2.2 million in 

direct cost averted and $6.4 million in societal cost averted, which translates into about $340 

000 and $917 000 as the incremental benefit of the MCP vaccination services in terms of 

direct and societal cost averted.

Taken together, the incremental direct (societal) cost was greater than the incremental direct 

(societal) benefit in regular service days, and the incremental direct (societal) BCR was less 

than 1. However, these ratios were more than tripled in the summer due to the intensive 

vaccine administration at summer events. The return in the form of societal cost averted 

during summer event days was close to $4 for every additional dollar spent on MCP 

compared with office-based settings. Taking both regular service days and summer event 

days into account, every additional dollar spent on MCP resulted in $0.49 direct cost averted 

and $1.29 societal cost averted.

Sensitivity Analyses

We checked the robustness of results through 9 sensitivity analyses (Table 4). According to 

the results, the effect of varying vaccine coverage rates as specified in sensitivity analysis (1) 

is very similar to the effect of varying vaccine benefits as specified in sensitivity analysis (2). 

Among the first 8 sensitivity analyses, uncertainties in coverage rate estimates and vaccine 

benefit estimates had the greatest impacts on incremental BCRs. In contrast, uncertainties 

in cost estimation, as specified in sensitivity analyses (5) to (8), had much smaller effects 
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(narrower ranges, especially for (7) and (8)). Sensitivity analysis (9) shows the cost-benefit 

with no vaccination as the comparator. Assuming children served by MCP would otherwise 

forgo vaccination, the BCRs would be much higher. While this is more of an extreme case, 

our baseline scenario is much more conservative. The incremental direct (societal) BCRs 

for regular service days were below 1 in all of the first 8 scenarios. Summer event days 

had higher ratios for both direct and societal BCRs. Taking all service days together, the 

BCRs from (1) to (8) were between 0.39 and 0.59 considering direct cost and benefit and 

ranged from 1.03 to 1.55 considering societal cost and benefit. Based on these ratios, our 

baseline findings were robust to the considered variations in benefit-related or cost-related 

parameters.

Discussion

It is challenging to evaluate pediatric MCP vaccination services among children of low-

income and transient families because of at least 3 reasons. First, almost all vaccines 

provided to the population in such a setting are partial series, and there is no study that 

distinguishes the benefit of partial series from full series. Second, comparing with existing 

sources of care, the incremental benefit brought by the MCPs is likely to be limited. Without 

MCP, children may still get vaccinated from other providers, though with possibly higher 

cost. Third, the benefit is often invisible if measured by vaccine coverage rates. The impact 

of the MCP could be easily diluted in aggregate level coverage statistics.

Our study suggested one way to tackle these challenges and quantify the cost-benefit of 

partial series vaccine administration in a mobile clinic setting. We allocated the benefit 

across doses primarily based on vaccine efficacy/effectiveness data, with the caution that 

real benefit contributed by each dose may differ substantially due to factors that may not 

considered here, such as duration of protection, individual responses, and time gap since last 

vaccination. For many vaccines, the efficacy/effectiveness of later doses was much smaller 

than earlier doses, which disfavors the benefit estimation of catch-up doses.

We assessed the value added by the MCP in providing vaccination services in comparison 

to traditional settings, such as pediatricians’ offices and Health Department immunization 

clinics. We assumed that some vaccines would still be administered with probability equal 

to the vaccine coverage rate among low-income children in Houston if the MCP had not 

existed. This population was possibly the closest to the population served by the MCP in 

terms of socioeconomic and demographic characteristics. However, since these coverage 

rates were reached given the existence of the MCP, they were likely to overestimate the real 

probability that children could obtain vaccination in other settings. As the coverage rates 

were often over 80%, the incremental benefit-cost of the MCP was very limited. We found 

that the societal BCR of MCP was over 4 when assuming children would forgo vaccination 

without MCP (as in sensitivity analysis 9). When taking the existing traditional setting into 

account, the incremental societal BCR of MCP dropped to 1.3.

Despite the various scenarios considered in the sensitivity analyses, our incremental cost-

benefit results are largely unchanged. Compared with traditional settings, MCP showed 

incremental BCR less than 1 in regular service days and greater than 1 in summer event 
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days. As the number of administered doses dramatically increased at the vaccine-only 

summer events, the benefit accumulated quickly while the cost per dose was actually 

decreasing. It implies that cost-benefit of immunization services in MCP would be largely 

improved by increasing the doses given. It can be achieved by either improving work 

efficiency to see more patients during regular service days or hosting more vaccination 

events during the summer. As the share of vaccination event days within the full year 

increases, the BCRs would exceed 1 even when direct cost and benefit are considered.

These results, however, do not speak to the overall cost-benefit of the MCP, as other types 

of services are also provided during regular service days. While mobile health clinics, in 

general, are found to produce significant cost savings and improve health outcomes in 

underserved groups,33 evidence for pediatric care remains limited. The approach of this 

study can be used by future studies to estimate the overall costs and benefits of the full range 

of services provided by pediatric mobile clinics.

This study has several limitations. First, coverage rates were used to proxy the probability 

that vaccines would still be administered if the MCP was not available. This approach is 

likely to overestimate the chance of receiving vaccination in office-based settings. Second, 

the benefit contributed by each dose was specified based on available efficacy/effectiveness 

data. It by no means represents a comprehensive measure that summarizes the benefit of 

each dose in all aspects. It does not reflect differences in immune or memory responses to 

each dose by age, gender, race, or other individual characteristics either. For vaccines with 

insufficient efficacy/effectiveness data, assumptions about the contribution by dose were 

made based on other evidence available. We addressed these uncertainties by varying the 

percentages of benefit by dose order in sensitivity analysis (3). Third, we were unable to 

obtain information during summer vaccine-only visits about wait times, travel costs, and 

other elements that were captured during regular service days. This information would 

likely have affected the costs associated with receiving vaccinations at the MCP; however, 

sensitivity analyses (5) to (8) demonstrated that variations in cost elements did not change 

the overall conclusion of the study.

Conclusions

This study focuses on vaccination services, a major part of pediatric care, and estimates 

the cost-benefit of mostly partial series administration provided by a MCP in medically 

underserved areas. Results suggest that vaccination services provided by the MCP were 

not cost-saving during regular service days but so during summer vaccine-only events. 

Compared with office-based settings, every dollar spent on vaccination by the MCP would 

result in $0.9 societal cost averted as an incremental benefit in regular service days and $3.7 

during vaccination-only events. The results were robust to various alternative assumptions 

for benefit-related and cost-related parameters. Decision-makers and stakeholders may 

consider improving work efficiency during regular service days or hosting more vaccination-

only events to improve cost-benefit of the vaccination services. The approach of this study 

can also be used by future studies to estimate the overall costs and benefits of the full range 

of services provided by pediatric mobile clinics.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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