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Abstract—Immunization averts an expected 2 to 3 million 2 
deaths every year from diphtheria, tetanus, pertussis (whooping 3 
cough), and measles; however, an additional 1.5 million deaths 4 
could be avoided if vaccination coverage was improved 5 
worldwide. 1  New vaccination technologies provide earlier 6 
diagnoses, personalized treatments and a wide range of other 7 
benefits for both patients and health care professionals. 8 
Childhood diseases that were commonplace less than a generation 9 
ago have become rare because of vaccines. However, 100% 10 
vaccination coverage is still the target to avoid further mortality. 11 
Governments have launched special campaigns to create an 12 
awareness of vaccination. In this paper, we have focused on data 13 
mining algorithms for big data using a collaborative approach for 14 
vaccination datasets to resolve problems with planning 15 
vaccinations in children, stocking vaccines, and tracking and 16 
monitoring non-vaccinated children appropriately. Geographical 17 
mapping of vaccination records helps to tackle red zone areas, 18 
where vaccination rates are poor, while green zone areas, where 19 
vaccination rates are good, can be monitored to enable health care 20 
staff to plan the administration of vaccines. Our recommendation 21 
algorithm assists in these processes by using deep data mining and 22 
by accessing records of other hospitals to highlight locations with 23 
lower rates of vaccination. The overall performance of the model 24 
is good. The model has been implemented in hospitals to control 25 
vaccination across the coverage area. 26 
 27 

Index Terms—Health Recommendation System, Health 28 
Information System, Decision Support System, Big Data for 29 
Health Analysis 30 
 31 

I. INTRODUCTION 32 

accination has greatly contributed to eliminating the 33 

burden of various infectious diseases. Vaccination reduces 34 

the spread of disease in children. The recommended 35 

immunization schedule is planned to protect infants and 36 

children early in life when they are most susceptible and before 37 

they are exposed to potentially life-threatening diseases, as 38 

shown in Fig. 1. Some vaccinations are administered at the time 39 

of birth, while the rest are after given months later, following a 40 

 
 

1  Data source for immunization records of 1.5 M: 

http://www.who.int/mediacentre/factsheets/fs378/en/ 

schedule. It is highly recommended that the vaccination 41 

schedule be followed to positively impact the health of each 42 

child. However, complex issues have arisen regarding 43 

vaccination planning, as many unaware parents do not follow 44 

the vaccination schedule; therefore, it is difficult for the 45 

vaccinator, the health care staff member who administers 46 

vaccines, to administer the correct vaccinations at the 47 

appropriate times. For example, if the Measles 1 vaccine is not 48 

given at the right time, then the duration between Measles 1 and 49 

Measles 2 varies because a particular gap is recommended. Our 50 

team completed surveys of hospitals in Pakistan and identified 51 

many gaps in the understanding and implementation of 52 

vaccination planning. In general practices, a vaccination card is 53 

provided to parents for each child’s vaccination plan, and they 54 

are advised to bring this card each time the child comes in for 55 

vaccination. However, due to low literacy rates and a lack of 56 

awareness, parents often lose the card and sometimes do not 57 

remember the vaccination name or date. 58 

 59 

 60 
 61 

Fig. 1. Vaccination schedule for children under 18 months2 62 

 63 

Our approach in this paper is to automate this system for 64 

hospitals, vaccinators and children, allowing a comprehensive 65 

system to solve these immunization problems. The process 66 

 
2 Data for the vaccination schedule have been taken from the CDC website 

and are available online. 

https://www.cdc.gov/vaccines/schedules/downloads/child/0-18yrs-child-comb

ined-schedule.pdf 
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begins with the registration of the child and ends with the 67 

recommendation of a vaccine. The proportion of children [1] 68 

aged 12–23 months who are fully vaccinated by 12 months of 69 

age has been decreasing; this proportion was 67% in 1992, then 70 

55%, 54% and 51% in 1996, 2000 and 2004, respectively. 71 

Analyses have also shown that the birth order of the child, 72 

residence (rural/ urban) and mother’s education are major 73 

determinants of the immunization status of the child. Delays in 74 

childhood vaccines [2] have increased in recent years. We 75 

focus on geographic clusters of under-immunization and 76 

vaccine refusal, then compare clusters of under-immunization 77 

for various types of vaccines, and finally evaluate whether 78 

vaccine refusal clusters pose barriers to achieving high 79 

immunization rates. Vaccination [3] helps economic growth 80 

everywhere because of lower morbidity and mortality. The 81 

annual return on investment in vaccination has been calculated 82 

as between 12% and 18%. Vaccination also leads to increased 83 

life expectancy. Long healthy lives are now recognized as a 84 

prerequisite for economic growth on personal and national 85 

levels, and economy promotes health. Vaccines are thus 86 

efficient tools to reduce disparities in economic conditions and 87 

inequities in health. 88 

Immunization saves millions of lives by preventing disease. 89 

Through financial support from many non-government 90 

organizations such as the GAVI Alliance and, more recently, 91 

the Bill & Melinda Gates Foundation, significant 92 

advancements have been made in immunizing children since 93 

2000 via the Global Immunization Vision Strategy (GIVS). The 94 

child mortality rate has decreased in the last few years, but the 95 

greatest challenge is due to daily increases in birth rates, which 96 

has drawn significant attention from governments. In one 97 

survey, it was reported that 24 million children3 born every year 98 

do not receive proper immunization during their first year of 99 

life. 100 

Immunization is a highly4 economical tool when everyone is 101 

required to participate. Immunization curricula currently reach 102 

over approximately 80% of the world’s children, which helps 103 

reduce the death ratio by preventing over 2 million deaths 104 

annually. In May 2012, the World Health Assembly approved 105 

the Decade of Vaccines Global Vaccine Action Plan (GVAP). 106 

A guiding principle of the GVAP is country ownership of 107 

national immunization programs, one measure of which is the 108 

proportion of domestically financed program costs. By 2020, 109 

the GVAP aims for all countries to be properly preparing and 110 

managing their immunization budgets, with their immunization 111 

programs sustainably financed. 112 

 113 

 114 

 
3 Katib, Anas, et al. "Jeev: a low-cost cell phone application for tracking the 

vaccination coverage of children in rural communities." 
4Oxford University Press in association with The London School of Hygiene 

and Tropical Medicine 

https://academic.oup.com/heapol/article/30/3/281/614291/An-analysis-of-gov

ernment-immunization-program 

 115 
Fig. 2. Projected governmental routine immunization 116 

expenditures per surviving infant under varying immunization 117 

investment functions, based on reporting GAVI-eligible 118 

countries in 2012 119 

II. RELATED WORK 120 

An immunization information system (IIS) is an important 121 

global priority, and online access to that information is crucial. 122 

In [4], the effect of online access to state immunization 123 

practices for emergency department (ED) providers was 124 

estimated for a pediatric academic tertiary care center. Another 125 

approach [5] to reduce immunization problems worldwide is 126 

education; it is believed that public health efforts to address 127 

problems of vaccine hesitancy should increase their focus on 128 

childhood education. One strategy to address the issue of 129 

vaccination is to include a fun aspect; it is believed that by 130 

having fun, children can be educated about the need for 131 

vaccination. The current digital world can help address this 132 

issue in multiple ways that complement immune system and 133 

immunization education in school curricula. 134 

Management information system (MIS)-based approaches 135 

[6] can use smart phone applications. One software application, 136 

called Jeev, is helpful for monitoring the immunization issue 137 

across India. The focus of Jeev was to combine the unique ID 138 

information of children with immunization information. 139 

Initially, the project was focused on rural areas to assess the 140 

sustainability of the project. In [7], the immunization of healthy 141 

nodes, in the presence of already infected nodes, was studied. A 142 

robust algorithm was proposed to identify and resolve such a 143 

problem and to help health professionals make more informed 144 

choices and tailor their decisions to the actual distribution of the 145 

epidemic on the ground. Data-aware vaccination problems 146 

were highlighted by the author, who demonstrated that these 147 

problems are hard to approximate. Three effective 148 

polynomial-time heuristics, DAVA, DAVA-prune and 149 

DAVA-fast, of varying degrees of effectiveness and 150 

reproducibility have been proposed. Finally, the scalability and 151 

efficacy of algorithms have been revealed through extensive 152 

experiments on multiple real networks, including large 153 

epidemiology datasets. In [8], the authors consider the problem 154 

of rapid spread of an epidemic in an arbitrary contact network 155 

by issuing vaccination status throughout the network. The 156 

authors consider the problem of vaccine distribution across the 157 



network, as shown in Fig. 3, and they track the issue to find an 158 

optimal cost distribution of vaccination resources when 159 

different levels of vaccination are allowed. 160 

 161 

 162 
 163 

Fig. 3. Immunization data collection phases for analysis 164 

 165 

Another method [9] attempts to remove this assumption from 166 

vaccination uptake estimation and proposes an algorithm to 167 

classify data from online clinical records and other sources. 168 

Comparisons of the data with web data are performed using 169 

state-of-the-art techniques. The performance improvement is 170 

more notable for vaccines that have been implemented more 171 

poorly due to media attention that is negative (HPV-1 and 172 

HPV-2), problems in the vaccine supply (DiTeKiPol), or the 173 

targeting of children 12 years old (whose vaccinations are more 174 

irregular compared to younger children). Another approach 175 

[10] explains that the major goals of most national, 176 

international and non-governmental health organizations are to 177 

eradicate the occurrence of childhood diseases that are 178 

preventable by vaccine (e.g., polio). Pakistan has been trying to 179 

eliminate polio for many years but has not been successful; 180 

each year, some cases are identified in rural areas, where the 181 

education level is poor. It is important to realize that children 182 

should receive proper vaccinations at least at the starting 2 183 

years because so many vaccinations should be administered 184 

during this period of time to help children grow up disease-free 185 

and to help the government facilitate a healthy generation. In 186 

the rural areas of many countries, there are no tools to identify 187 

individuals and no documentation to track the vaccination 188 

schedule of a child; therefore, in another paper [10], the authors 189 

focused on mapping the finger prints of children and parents for 190 

use as a unique ID of the vaccinated child so that the child’s 191 

vaccination schedule can be later identified without any 192 

documents. Fingerprints can be effectively used to recognize 193 

children from birth to 4 years. A total of 1,600 fingerprint 194 

images (500 ppi) of 20 infants and toddlers were captured over 195 

a 30-day period. Various algorithms for a biometric recording 196 

of the children were then performed so that the accuracy could 197 

be improved. 198 

A cold chain information system (CCIS) [11], which tracks 199 

health facility information and a country’s cold chain 200 

equipment, can help address these challenges at both the 201 

strategic (planning) and tactical (management) levels. In this 202 

report, the authors describe the work needed to develop a CCIS 203 

for Laos, in alliance with UNICEF and the Lao Ministry of 204 

Health. This work is based on experience in deploying CCISs in 205 

multiple countries, along with the development of analysis 206 

tools and data standards. The technical contributions of this 207 

work include the development of a new data model for DHIS2 208 

and a text message system using an Android gateway to 209 

RapidSMS with a custom notification engine interfacing to 210 

DHIS2. 211 

 212 

III. MOTIVATION 213 

Government funding for immunization in many countries has 214 

increased in recent years and is complemented by donor funds, 215 

as discussed earlier. However, equitable and universal access to 216 

vaccine and immunization services in all countries is still 217 

required. Different countries have their own methods for 218 

monitoring and implementing immunization programs. We 219 

have proposed a model that helps to improve decision-making 220 

in vaccination strategies across a province or a country. In 221 

addition to developing applications [3] to register and monitor 222 

children, a tool is needed that can comprehensively suggest 223 

government/NGO strategies for current vaccinations in an area, 224 

while also identifying the exact number of children in an area 225 

that are currently unvaccinated or need to be vaccinated in the 226 

near future. Vaccinators used in this project for remote area 227 

monitoring send data to the server from a mobile application 228 

developed in-house. 229 

We used an open source data toolkit named Open Data Kit 230 

(ODK) to develop the mobile forms, as this kit does not require 231 

proficiency in mobile app development; AngularJS was used to 232 

obtain analyzed data from the server. The data mining 233 

algorithm is run on a centralized server, in the same location 234 

that the hospital management system is integrated, so patients 235 

can be mapped with children as two types of data, as shown in 236 

Fig. 4. In addition, to improve the analysis, we used a dataset 237 

from the current hospital and a dataset from another hospital, 238 

which were provided by the government and other NGOs; 239 

future global approaches will further enhance the algorithm. 240 

 241 

 242 

 243 
Fig. 4. Data mining model to improve immunization problems 244 

 245 



Our recommendation model also suggests areas for mobile 246 

vaccinators to visit and the vaccines that should be supplied. 247 

The algorithm helps plan for appropriate stocks of vaccines so 248 

that sufficient vaccines are available. Children under the age of 249 

2 years are the targeted population of our model. The working 250 

principle of the model is based on a collaborative approach 251 

using data mining to show effective ways to vaccinate areas 252 

with low immunization rates. 253 

For vaccine recommendations for children, we implemented 254 

a data mining approach with a collaboration that helps suggest 255 

the correct vaccine based on historical data from vaccination 256 

centers in which the vaccines are stored centrally, where Ca -257 

represents the child’s age, Vi is the vaccine identified, Ci 258 

represents the child’s unique ID, d is the dataset for a given 259 

hospital, and do represents data for another hospital. 260 

 261 

Algorithm 1 (needs better explanation in the text) 

Require: Input Ca, Vi, Ci, d and do 

1: Sample Sd from d and do 

2: Select the nearest nodes from d and do (KNN approach) 

3: Build the tree to select the nearest age child Nk or select the 

nearest schedule from record Rv 

4: Vs = ∅ (vaccination selected, default zero) 

5: for i ← 1 to Nk 

6: Match Ca = d or do 

7: If Ca not found, 

8: Match Ca = Rv 

9: End if 

10: Ca = {d or d0} ∪{Rv} 

11: End for 

12: Return Ci 

 262 

The above algorithm selects the child’s record from 263 

historical data and compares it with the standard schedule. If 264 

the record is not available, then the best matching case is 265 

applied based on the child’s age in the previous record. The 266 

above procedure helps identify how many children are not 267 

vaccinated and have deficiencies with regard to particular 268 

vaccines. We applied the above method to a dataset from the 269 

hospital and found many records, which aided in the tracking of 270 

vaccination records with missing immunizations and in 271 

reducing disease occurrence in children. 272 

Our decision support system informs vaccinators as to which 273 

area will have a high priority for vaccination and how many 274 

vaccines are required in the future: if Vi is the vaccine ID, VN is 275 

the non-vaccinated child, and Ci represents the total number of 276 

children, then the total average N of unvaccinated children will 277 

be 278 

 279 

𝑉𝑁 = ∑
(𝐶𝑖𝑘 + 𝑉𝑖𝑘  )

𝑁

𝑛

𝑘=0

, (1) 280 

 281 

 Our model is helpful for caregivers and can track the 282 

schedule of vaccinations in several ways. Figure X 283 

demonstrates the total number of vaccinations required of 284 

vaccinators in the next month. The dataset collected from the 285 

hospital was analyzed in different ways, as shown in Fig. 5. 286 

 287 

 288 
 289 

Fig. 5. Immunization trend over the previous month in a 290 

hospital 291 

 292 

This analysis is helpful for vaccination schedules and for 293 

evaluating vaccine stocks because it calculates the average 294 

vaccine consumption within the last month. A percentage 295 

increase can also be evaluated from that trend; therefore, 296 

decision-making for the organization is simplified. 297 

Table 1 shows the total number of children vaccinated by the 298 

organization within two months, which helps to predict the 299 

percentage increase in vaccinations so that the required 300 

vaccinations are available. 301 

 302 

Table 1: Immunization in 2017 in a hospital 303 

S.No Vaccinations Jan Feb 

1 Bcg 1727 2727 

2 Opv-0 1522 1422 

3 Opv-1 1153 1153 

4 Opv-2 806 852 

5 Opv-3 845 1165 

6 Pentavalent-1 1165 2110 

7 Pentavalent-2 806 844 

8 Pentavalent-3 852 971 

9 Pneumococcal-1 1165 1754 

10 Pneumococcal-2 809 852 

11 Pneumococcal-3 844 1165 

12 Ipv 818 809 

13 Measles-1 613 684 

 304 

Our decision support system can predict stock availability 305 

from Eq. (2), where Sv is the stock of vaccines, VA is the 306 

average consumption of a particular vaccine over the last few 307 

months, and Dn is the average dropout of vaccines, that is, the 308 

vaccines lost over the last few months: 309 

 310 

𝑆𝑣 = (
∑ 𝑉𝑛 𝑁

𝑛=0

𝑁
) + (

∑ 𝐷𝑛 𝑁
𝑛=0

𝑁
) . (2) 311 

 312 
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 315 
 316 

Fig. 6. Percentage increase of vaccinations required  317 

 318 

We also produced Fig. 7 using this vaccination module with 319 

a health management system so that trends in diseases and 320 

causes of diseases can be monitored. Our approach is 321 

comprehensive and helped the hospital identify issues and 322 

make decisions.  323 

 324 

 325 
 326 

Fig. 7. Graphical representation of vaccination zones 327 

 328 

The map can help one analyze important areas for 329 

management decision-making. Thus, if governments are 330 

making large investments (up to 20$ per surviving infant in 331 

2020, as shown in Fig. 2) in immunizations, they should 332 

implement an effective monitoring framework to improve 333 

performance. Our study is limited to monitoring the 334 

immunization of children less than 2 years of age because of the 335 

increased mortality rate in this age range. 336 

IV. CONCLUSION 337 

  In this paper, we analyzed our results using a hospital 338 

database in Pakistan and showed that it is possible to track 339 

issues with vaccination through our data mining model. A 340 

detailed study is needed to scale up this model across different 341 

locations, and a unique collective approach can help us to solve 342 

the problem of immunization across the world. Maps are also 343 

helpful for tracking red zone areas and highlighting key 344 

problem areas. Significant daily changes are currently being 345 

observed in the immunization programs of hospitals. Current 346 

work is focused on evaluating the use of IoT devices [what is 347 

this device]; the use of these devices is growing for medical 348 

purposes; this work will automate a 100% unattended 349 

immunization model and, in the future, will have the ability to 350 

be replicated anywhere. Moreover, the distributed vaccination 351 

model should also be improved for the vast areas in which 352 

internet connectivity is a serious issue; otherwise, the 353 

recommendation results will not be beneficial for people in 354 

those areas. 355 
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