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Abstract 

 

Assessing Providers’ Vaccination-Related Practices in India  

By Megan Alicia Cohen 

 

 

Background: Significant progress has been made toward improving routine immunization 

coverage in India, but universal coverage has yet to be achieved. Substantial variation in 

vaccination coverage exists across the country and little is known about how providers’ 

vaccination practices affect coverage rates. 

 

Aims: To identify barriers to achieving optimal vaccination coverage and to investigate factors 

influencing missed opportunities to vaccinate in two Indian states with low routine vaccination 

coverage. 

 

Methods: We conducted an observational, cross-sectional study of Auxiliary Nurse Midwife 

(ANM) and Public Health Centre (PHC) physician vaccination practices during clinic visits for 

children under 3 years of age in Bihar and Uttar Pradesh. Information on provider behaviors was 

collected through parent-report and direct-observation. Information on clinic visit purpose was 

collected from parent reports only. 

 

Results: Both ANMs and PHC physicians were more likely to adhere to recommended 

immunization-related clinical practices during vaccination-specific visits compared to illness 

visits. Adjusting for state and healthcare worker type, providers were 8 times more likely to 

verify child vaccination status during vaccination visits compared to illness visits (p<0.001) and 

3.4 times more likely to counsel parents on vaccination (p=0.022).  

 

Conclusions: Rigorous training of all vaccination practitioners should focus on the necessity of 

verifying the vaccination status regardless of type of visit.  It is also important to emphasize the 

difference between true and falsely perceived contraindications to vaccination. Improved 

counseling will help improve vaccination rates and reinforce the importance of completing the 

vaccination schedule to parents. 
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Introduction  

Despite aggressive measures by the Ministry of Health and Family Welfare and by the 

Government of India, the target of universal coverage by 2010 in that country has not yet been 

reached (1). According to the 2009 Coverage Evaluation Survey conducted by UNICEF, on 

average only 61% of Indian children were fully immunized. Substantial differences in state-

specific coverage rates are present across India. Several populous states such as Uttar Pradesh 

(UP) and Bihar remain well below the national average with respect to vaccination coverage.  

Only 41% and 49% of children aged 12-23 months are reported to be fully immunized in UP and 

Bihar, respectively. UP and Bihar are also among the states with the highest rates of children who 

have received no immunizations (17.8% and 15.2%, respectively) and of children who drop off 

the immunization schedule after having received their first scheduled vaccination (30.9% and 

29.3%, respectively) (2). Vaccination rates also differ according to socioeconomic and 

demographic measures, as coverage is better in wealthier, urban regions compared to poorer, rural 

areas (2). 

While the higher vaccination rates in more affluent, urban areas may reflect increased 

utilization of private pediatricians in India, overall the majority (89.8%) of children aged 12-23 

months reportedly receive vaccines in the public sector from auxiliary nurse midwives (ANMs) 

and public health center (PHC) physicians (2). For this reason, public sector vaccination 

providers including ANMs and PHC physicians are integral in achieving improvements in 

immunization coverage rates. 

Many previous studies investigated factors contributing to poor vaccination coverage and 

assessed barriers to improving immunization rates in India and other developing countries. Most 

have focused on socioeconomic and demographic factors correlated with under-vaccination, 

including later birth order (i.e., being the third or fourth child in a family) (2-4), female sex (3, 5-
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11), mother’s lack of education/illiteracy (2-4, 6, 7, 10-15), Muslim religion (2, 3, 6, 15, 16), rural 

residence (2, 6, 8, 12), and home delivery (6, 13, 16-18). Other studies have identified mothers’ 

forgetfulness (3), availability of the immunization card (13, 16, 18), and misconceptions (6, 18, 

19) about immunizations as significant predictive factors. 

Less is known about healthcare providers’ vaccination-related practices that may affect 

coverage rates in India. Literature from the United States suggests that providers may contribute 

to under-immunization by missing opportunities to vaccinate eligible children, often due to lack 

of awareness of vaccine status or secondary to a false contraindication such as a minor respiratory 

illness (20-24). Studies in developed countries have also shown that information received from 

healthcare providers is highly influential in shaping parents’ attitudes towards immunization (25-

28). Healthcare visits represent an opportunity to counsel parents on the importance of 

vaccinations in promoting child health, dispel fears surrounding vaccinations, discuss potential 

side-effects and ways to treat them, reinforce the need to complete the immunization schedule, 

and inform parents when to return for the next scheduled dose. In India, maternal lack of 

knowledge about immunizations (3, 4, 6, 11, 18, 19, 29-34) or the immunization schedule (4, 6, 

11, 19) and fear of vaccination side effects (4, 6, 10, 11, 32, 33) have been cited as main barriers 

to complete immunization. Parental satisfaction with information delivered by healthcare workers 

is another significant predictor of immunization completeness (35). To our knowledge, specific 

provider practices during clinic visits have not yet been studied in India. With these data needs in 

mind, the goal of our study was to assess ANM and PHC physicians’ vaccination-related 

practices including offering vaccinations, verifying vaccination status and counseling parents. We 

specifically aimed to identify provider-related barriers to achieving optimal vaccination coverage 

in the two Indian states of Bihar and UP, where vaccination rates remain low. 
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Methods 

Participants 

This current analysis is based on a sub-sample of a larger study in Bihar and UP 

conducted from June 2009 to June 2010 to investigate the knowledge, attitudes, and practices of 

various immunization practitioners in different Indian states. The required numbers of clinics in 

the UP and Bihar study samples were calculated to be proportional to each state’s population. 

Data on the practices of ANMs and PHC physicians were combined into a larger dataset. 

Data from clinics with no children under 3 years of age present during the survey were excluded.  

The final dataset for this study included 152 PHC clinics.   

Procedures 

Staff members of St. Stephen’s Community Hospital in New Delhi who had experience 

conducting community surveys served as interviewers for the current study. Each interviewer was 

trained to administer the survey instrument. At each clinic, interviewers were instructed to speak 

with at least three and up to five parents of children who had just been seen in clinic and inquire 

about their interaction with the providers. Interviewers were also asked to observe at least three 

and up to five different parent-child pairs in their encounters with the providers to directly assess 

vaccination-related practices. During the parent interviews, data were also collected regarding the 

purpose of the visit (whether for an illness or primarily for vaccination); for the observation data, 

no information was collected on the purpose of the visit. Exact numbers of parent-child pairs to 

be interviewed versus observed at each clinic were left to the discretion of the interviewer, 

leading to a difference in the total number of parents interviewed and the total number observed. 

Each parent-child pair was considered as an independent observation for each clinic, resulting in 

a total of 494 parent-recall interviews and 467 directly observed parent-child pairs.  
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The Emory University Institutional Review Board and the New Delhi Maulana Azad 

Medical College Institutional Ethics Committee both determined that this study did not meet the 

definition of “Human Subjects Research” and was classified as a “Quality Improvement” activity, 

not requiring review. 

Instrument 

The data collection instrument first required interviewers to indicate if it was a 

“vaccination day” in the clinic and to record how many children under the age of 3 were present 

at the time of the survey. “Vaccination days” (usually two per week) are specifically reserved for 

administration of routine immunizations. 

For the assessment of provider vaccination-related practices, the instrument was divided 

into a parent-recall portion and a direct-observation portion. The survey assessed if the child was 

offered vaccines during the visit, if the child’s vaccine status was verified, and if the parents were 

counseled on immunizations either verbally or via educational materials. For families seeing 

ANMs, an additional question assessed whether the child actually received vaccines. These core 

questions were the same for both the parent-recall section and the direct-observation section of 

the survey.  

Data Variables 

The binary (yes vs. no) dependent variables reflecting the provider vaccination-related 

practices included whether or not the surveyed provider 1) offered vaccines, 2) verified child’s 

vaccination status, and 3) counseled parents on vaccinations. Child’s receipt of vaccines was 

analyzed for ANMs only. Each dependent variable had both a parent-recall and a direct-

observation version. 

The main independent variables included healthcare worker type (ANM vs. PHC) and 

state (UP vs. Bihar). Covariates included in the analysis were number of children in the clinic and 
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visit purpose (illness vs. vaccination). Visit purpose was only included as a covariate for the 

analyses based on parent-recall, as it was not collected during the direct observation section of the 

survey. Number of children under 3 years of age in the waiting area of the clinic was categorized 

as 1-4 or ≥ 5. Clinic number was included in the analysis as a cluster variable given that there 

were multiple observations at the same clinic. 

Data Analysis 
 

Data were entered into SAS version 9.3 (Cary, NC) for analysis. For bivariate analyses, 

crude odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) were computed 

and chi-square tests were performed to assess the unadjusted associations of the provider 

vaccination practices with state, healthcare worker type, and visit purpose. Multivariable analyses 

were performed using a generalized linear model to account for within-clinic clustering of 

observations, and adjusted ORs (95% CIs) were computed controlling for state, health care 

worker type, number of children in the clinic, the individual clinic, as well as (for parent-recall 

data only) purpose of the visit. Tests for all two-way interactions involving state, healthcare 

worker type, number of children in the clinic, and visit purpose were performed for each outcome 

variable as applicable. 

Results 

Unadjusted Analyses 

Of the 152 clinics surveyed, 11 (7.2%) study sites (seven in Bihar and four in UP) were 

excluded as there were no children under 3 years of age present during the survey. Data for a total 

of 23 clinics in Bihar remained, representing 85 parent-child pair observations. Of these, 45 

represented ANM visits, while 40 represented PHC physician visits. In UP, 118 clinics remained 
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for final analysis, representing 409 parent-child pair observations. Of these, 208 were for ANM 

visits, and 201 were for PHC physician visits. 

UP providers were significantly more likely than Bihar providers to offer vaccines 

(94.6% vs. 77.7%, p<0.001), verify vaccination status (93.6% vs. 78.8%, p<0.001), and provide 

immunization counseling (90.7% vs. 50.6%, p<0.001) when reported by parents. These 

associations remained strong and statistically significant when directly observed (data not 

shown). Across all dependent variables and regardless of the data collection method, providers 

were also significantly more likely to perform immunization-related tasks in clinics with 1-4 

children compared to clinics that had at least 5 children (data not shown).  

Based on parent reports (Table 1), ANMs were more likely than PHC physicians to verify 

vaccine status (96.1% vs. 85.9%, p<0.001) or provide immunization counseling (88.9% vs. 

78.4%, p=0.002). These differences were most pronounced in Bihar, where ANMs verified 

vaccine status in over 90% of encounters relative to only 62.5% of PHC physician visits 

(p<0.001, OR=0.12, data not shown).  

When directly observed by researchers, ANMs were also more likely to offer 

vaccinations (95.3% of the time) compared to PHC physicians (89.6%, p=0.019). As shown in 

Table 1, ANMs were more often observed to verify vaccine status than were PHC physicians 

(98.3% vs. 86.2%, p<0.001). In contrast to patient reports, direct observation revealed no 

statistically significant differences in the frequency of immunization counseling between ANM 

and PHC physician visits.  

Table 2 presents results of analyses comparing the parent-reported data by purpose of 

visit. Healthcare workers overall were significantly more likely to perform important 

immunization-related tasks during specific vaccination visits compared to visits for child illness. 

Verification of a child’s immunization status was significantly more likely to take place during 
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vaccination visits than during visits prompted by illness (OR=15.6; 95% CI=7.83, 31.08; 

p<0.001). Only 53% of healthcare workers counseled parents on vaccination during illness visits, 

while 88% counseled during vaccination visits (OR=6.43; 95% CI=3.59, 11.53, p<0.001). These 

associations remained strong and statistically significant after stratification by healthcare worker 

type (Table 2). 

During illness visits, no significant differences existed between ANMs and PHC 

physicians in terms of offering vaccines, verifying vaccine status, or counseling on vaccination 

(Table 3). For vaccination-specific visits, ANMs were significantly more likely to verify vaccine 

status (OR=0.15, p<0.001) and counsel parents on immunization (OR=0.50, p=0.019) when 

compared to PHC physicians (Table 3).   

Multivariable Analyses 
 

Table 4 presents results of multivariable analyses that included state, healthcare worker 

type, and visit purpose as three independent determinants of parent-reported practices and state 

and healthcare worker type as independent determinants of directly-observed provider practices.  

After controlling for other factors children in UP were more likely than children in Bihar to be 

offered vaccinations, have their vaccination status verified, and have their parents counseled on 

vaccinations. Visit purpose was also significantly and independently associated with parent-

reported vaccination practices in all analyses. In the adjusted analyses comparing directly 

observed vaccination practices by HCW type, PHC physicians were less likely to verify vaccine 

status with an adjusted OR of 0.10 (95% CI=0.03, 0.35; p<0.001). By contrast, none of the 

remaining measures of vaccination practices were significantly associated with HCW type with 

adjusted ORs ranging between 0.41 and 0.99 (Table 4). The two-way interaction terms involving 

healthcare worker type, state, and visit purpose were not statistically significant.  
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Table 5 presents results from multivariable analysis also including the number of children 

in the clinic as a covariate. Number of children in clinic was significantly and independently 

associated with vaccination status verification (data not shown). When also controlling for 

number of children in clinic, PHC physicians were less likely than ANMs to verify vaccine status 

by parent report with an adjusted OR of 0.21 (95% CI=0.07, 0.65; p=0.007). Number of children 

in clinic was not a significant independent predictor of offering vaccines or providing counseling. 

State remained significantly and independently associated with all provider practices and the 

direction and magnitude of the associations remained similar. Visit purpose also remained 

significantly and independently associated with provider practices by parent report. 

Significant interaction between healthcare worker type and number of children in clinic 

was observed for verification of vaccination status by parent report. Thus, Table 6 provides 

results of the adjusted associations between vaccination status verification and state, healthcare 

worker, and visit purpose, stratified by number of children in clinic. State and visit purpose, but 

not healthcare worker type, were significantly and independently associated with verifying 

vaccination status if there were 1-4 children in clinic. By contrast, healthcare worker type and 

visit purpose, but not state, were significantly and independently associated with verifying 

vaccination status when there were 5 or more children in clinic. With more children in clinic, 

PHC physicians were less likely than ANMs to verify vaccination status (adjusted OR=0.06; 95% 

CI=0.02, 0.20; p<0.001).  
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Discussion 

Our results indicate that state and visit purpose had strong, significant, and independent 

associations with provider vaccination-related practices. In general, providers more regularly 

performed vaccination-related tasks in UP relative to Bihar. Both ANMs and PHC physicians 

neglected to offer vaccinations, verify vaccine status, or counsel parents more often during illness 

visits. Number of children in the clinic was significantly associated with vaccination status 

verification and also appeared to modify the effects of other factors. With only 1-4 children 

present in the clinic, providers were significantly more likely to verify vaccination status in UP 

than they did in Bihar. In clinics with 5 or more children, however, the state no longer appeared 

to matter, but PHC physicians were less likely than ANMs to verify vaccination status.  

Regardless of how many children were present in the clinic, verification was more likely to occur 

during vaccination compared to illness visits, although this difference was much more 

pronounced in clinics with fewer patients.  

While it may not be surprising that providers offered vaccines more often during 

vaccination visits than during illness visits, this discrepancy is of concern. Our study is limited by 

the lack of information on the actual reasons for the illness visits, yet it is known that failure to 

verify vaccine status at every visit may lead to missed opportunities for immunization (20, 21, 

23). Importantly, a previous study in Mumbai found that illness visits represent 80% of missed 

immunization opportunities versus only 0.7% of missed opportunities during a well-child visit 

(18). Parents in previous studies have also erroneously reported a belief that immunizations 

cannot be given when a child has a minor illness such as diarrhea without dehydration or an upper 

respiratory tract infection (6, 36). However, the previously cited Mumbai study found that 94% of 

missed vaccination opportunities occurred because the provider failed to review the child’s 

immunization status, while only 2.2% were due to a perceived, yet false contraindication such as 

a minor illness (18).  



10 

 

 

 

Ensuring that vaccine status is routinely verified, even during illness visits, may be 

crucial for improving coverage rates. In the present study, PHC physicians verified vaccine status 

less often than ANMs, particularly when the analysis was based on direct observation. We 

previously showed that, when surveyed, PHC physicians reported verifying vaccine status only 

22% of the time, which was attributed to the fact that PHC physicians are more likely to refer 

families to another vaccination provider (37). Previous studies in the United States have 

distinguished between “acknowledged missed opportunities,” wherein a vaccine-eligible child is 

not immunized because of a real or perceived contraindication versus an “unacknowledged 

missed opportunity,” due to the failure to verify immunization status. One such study found that 

only “unacknowledged” missed opportunities were significantly associated with under-

immunization status, and that after an unacknowledged missed opportunity a child was 

significantly less likely to return for immunization within one month or to make up the 

immunization at the next visit when compared to an acknowledged missed opportunity (20).  

This practice may also miss an important opportunity to reinforce the immunization 

schedule. Parents’ lack of awareness of the timing of the next immunization dose has frequently 

been associated with incomplete immunization in India (4, 6, 11, 18). Every encounter should be 

viewed as a chance to tell parents when to return for the next vaccine dose, which has previously 

been shown to be an important strategy for ensuring completion of the immunization schedule (6, 

17). Regularly emphasizing the importance of bringing the child’s immunization card to each 

clinic visit may also reduce missed opportunities to vaccinate during illness visits. 

 In the current study fewer visits involved immunization counseling compared to other 

activities such as offering vaccines or verifying vaccination status. Counseling has been shown to 

be crucial, as parental lack of knowledge about immunizations has routinely been cited as an 

impediment to complete immunization coverage in India (19), and in other countries including 

the United States (25) and the UK (26). A study conducted in Rajasthan, found that mothers of 
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fully vaccinated infants were able to name more of the diseases covered by India’s national 

Universal Immunization Programme and were more aware of the benefits of vaccination 

including prevention of illness than mothers of partially immunized or non-immunized children. 

Most of the women surveyed attributed the need for vaccination to “prevention of paralysis,” 

suggesting they were primarily aware of immunization against poliomyelitis (19). Other studies 

have replicated these results, finding that barriers to complete immunization include inadequate 

maternal knowledge of vaccination schedules, fear of side effects, and the belief that only polio 

vaccination is required (3, 4, 6, 10, 11, 18, 19, 29-34). 

The mothers surveyed in Rajasthan cited “an interpersonal approach” including direct 

interactions with ANMs and physicians’ advice as the most important methods of improving 

vaccination coverage (19). Similarly, Nath et al. found that families of fully-immunized children 

reported significantly increased overall satisfaction with their healthcare providers and increased 

satisfaction with the information relayed by healthcare professionals when compared to the 

families with partially-immunized children within a district of UP (35). In the United States, the 

ability of healthcare providers to positively influence parents has also been associated with 

increased vaccination rates (38), highlighting the importance of improving counseling practices in 

a variety of health care settings. 

Findings from intervention studies conducted in Pakistan indicate that counseling may 

serve as a feasible and effective way of increasing vaccination coverage. Owais et al. showed that 

a short, home-based education about the importance of vaccination and the importance of 

retaining immunization cards increased uptake of DPT3 and Hepatitis B vaccines by 39% (29). 

These sessions were delivered by community health workers to mainly low-literacy mothers 

using easily understandable pictorial cards. Usman et al. showed a significant increase in DPT3 

series completion following a 2-3 minute center-based educational intervention on the importance 

of immunizations and potential adverse health effects associated with failure to complete the 
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vaccination schedule (39, 40). When combined with a redesigned immunization card prominently 

featuring the date of next required vaccination, the intervention resulted in a 31% increase in 

DPT3 completion in urban Pakistan (40) and a 67% increase in DPT3 completion in rural 

Pakistan (39). 

Our study has several limitations. While recall bias in this study was unlikely because 

parents were interviewed immediately after their visit, it is possible that parent interviews were 

affected by differential reporting. For example, parents may have been less focused on 

verification of immunization status during illness visits than during vaccination visits. Although 

our study would have benefited from information on visit purpose from direct observations, it is 

reassuring that other results did not differ by ascertainment method. 

Our study is also limited by the lack of information on whether the parent carried the 

child’s immunization card, which has been shown to be an important predictor of immunization 

status (18). It is not clear if vaccine status was not verified because of the provider oversight or 

due to the parent’s inability to produce the immunization card.  

 This study focused on healthcare workers’ vaccination practices at the point of 

immunization delivery. There may be many other factors contributing to lack of achieving 

universal immunization coverage. These may include inaccessibility of immunization services to 

families because of distance, lack of resources or behavioral factors.    
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Conclusions 

Healthcare workers are key sources of immunization-related information. It is essential 

that they counsel parents about the importance of immunization, help dispel misconceptions, and 

remind parents of the vaccination schedule. Parents must also be counseled on the need to bring 

immunization cards to any clinic visit. Training of vaccination practitioners should focus on the 

need to verify the vaccination status at each visit, and emphasize the difference between true and 

falsely perceived contraindications to vaccination. Verification of immunization status at every 

visit helps improve vaccination rates, sets an example for parents, and allows interrupting 

transmission of vaccine preventable diseases. 
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Tables 
Table 1. Crude association between provider practices and healthcare worker type (ANM 

vs. PHC physician) 

 ANM PHC physician   

Parent Recall (n=253) 

n (%) 

(n=241) 

n (%) 

OR  

(95% CI) 

p-value 

Offered Vaccine 237 (93.7%) 216 (89.6%) 0.58  

(0.30, 1.12) 

0.103 

Vaccine Status Verified 243 (96.1%) 207 (85.9%) 0.25  

(0.12, 0.52) 

<0.001 

Parents Counseled on 

Vaccination 

225 (88.9%) 189 (78.4%) 0.45  

(0.27, 0.74) 

0.002 

Direct Observation (n=236) 

n (%) 

 (n=231) 

n (%) 

 OR  

(95% CI) 

p-value 

Observed Offered 

Vaccine 

225 (95.3%) 207 (89.6%) 0.42  

(0.20, 0.88) 

0.019 

Observed Status 

Verified 

232 (98.3%) 199 (86.2%) 0.11  

(0.04, 0.31) 

<0.001 

Observed Parents 

Counseled 

208 (88.1%) 191 (82.7%) 0.64  

(0.38, 1.08) 

0.095 
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Table 2. Parent-reported differences in provider vaccination practices for illness compared 

to vaccination visits stratified by healthcare worker type 

 

 

 

 

 

 

 Illness Vaccination   

Overall 

(ANM+PHC) 

(n=60) 

n (%) 

(n=434) 

n (%) 

OR  

(95% CI) 

p-value 

Offered 

Vaccine 

39 (65.0%)  414 (95.4%) 11.15  

(5.56, 22.33) 

<0.001 

Vaccine Status 

Verified 

35 (58.3%) 415 (95.6%) 15.60  

(7.83, 31.08) 

<0.001 

Parents 

Counseled on 

Vaccination 

32 (53.3%) 382 (88.0%) 6.43  

(3.59, 11.53) 

<0.001 

ANM (n=20) 

n (%) 

(n=233) 

n (%) 

OR  

(95% CI) 

p-value 

Offered 

Vaccine 

13 (65.0%) 224 (96.1%) 13.40  

(4.31, 41.70) 

<0.001 

Vaccine Status 

Verified 

13 (65.0%) 230 (98.7%) 41.28 

 (9.55, 178.36) 

<0.001 

Parents 

Counseled on 

Vaccination 

12 (60.0%) 213 (91.4%) 7.10  

(2.60, 19.40) 

<0.001 

Child 

Received 

Vaccines 

11 (55.0%) 232 (99.6%) 189.82  

(22.05, 1633.95) 

<0.001 

PHC physician  (n=40) 

n (%) 

(n=201) 

n (%) 

OR  

(95% CI) 

p-value 

Offered 

Vaccine 

26 (65.0%) 190 (94.5%) 9.30  

(3.82, 22.64) 

<0.001 

Vaccine Status 

Verified 

22 (55.0%) 185 (92.0%) 9.46  

(4.23, 21.17) 

<0.001 

Parents 

Counseled on 

Vaccination 

20 (50.0%) 169 (84.1%) 5.28  

(2.56, 10.91) 

<0.001 
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Table 3. Parent-reported differences in healthcare worker vaccination practices, stratified 

by visit purpose 

Illness 

Outcome ANM  

(n=20) 

PHC physician  

(n=40) 

OR (95% CI) p-value 

Offered Vaccine 13 (65.0%) 26 (65.0%) 1.00 (0.32, 3.08) 1.00 

Vaccine Status 

Verified 

13 (65.0%) 22 (55.0%) 0.66 (0.22, 2.00) 0.459 

Parents Counseled 

on Vaccination 

12 (60.0%) 20 (50.0%) 0.67 (0.22, 1.98) 0.464 

Vaccination 

Outcome ANM  

(n=233) 

PHC physician  

(n=201) 

OR (95% CI) p-value 

Offered Vaccine 224 (96.1%) 190 (94.5%) 0.69 (0.28, 1.71) 0.425 

Vaccine Status 

Verified 

230 (98.7%) 185 (92.0%) 0.15 (0.04, 0.53) <0.001 

Parents Counseled 

on Vaccination 

213 (91.4%) 169 (84.1%) 0.50 (0.27, 0.90) 0.019 
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Table 4. Association of vaccination practices and predictor variables, adjusting for state, 

healthcare worker type, visit purpose, and clinic 

a Reference = Bihar 
b Reference = ANM 
c Reference = Illness visits 
d Data collected for ANM only, so HCW Type not included in Generalized Linear Model  
e Information on visit purpose was not collected with the direct observation data, so purpose is 

excluded from Generalized Linear Model for direct observation 

  

 Statea 

 

HCW Typeb 

 

Purposec 

 

Parent Recall aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

Offered 

Vaccine 

6.16  

(2.53, 15.03) 

<0.001 0.99  

(0.38, 2.60) 

0.99 7.92  

(2.15, 29.21) 

0.002 

Vaccine 

Status 

Verified 

5.06  

(1.98, 12.98) 

<0.001 0.42  

(0.15, 1.20) 

0.105 8.29  

(2.74, 25.10) 

<0.001 

Parents 

Counseled on 

Vaccination 

10.48  

(4.79, 22.90) 

<0.001 0.58  

(0.25, 1.32) 

0.195 3.38  

(1.19, 9.56) 

0.022 

Child 

Received 

Vaccines 

2.87  

(0.44, 18.55) 

0.268 ---d --- 204.45  

(19.89, 2101.2) 

<0.001 

Direct 

Observatione 

aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

Observed 

Offered 

Vaccine 

7.86  

(2.86, 21.60) 

<0.001 0.41  

(0.15, 1.12) 

0.082 --- --- 

Observed 

Status 

Verified 

5.60  

(1.63, 19.23) 

0.006 0.10  

(0.03, 0.35) 

<0.001 --- --- 

Observed 

Parents 

Counseled 

14.44  

(6.23, 33.22) 

<0.001 0.60  

(0.27, 1.35) 

0.215 --- --- 
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Table 5. Association of vaccination practices and predictor variables, adjusting for state, 

healthcare worker type, purpose, number of children in clinic, and clinic 

a Reference = Bihar 
b Reference = ANM 
c Reference = Illness visits 
d Data collected for ANM only, so HCW Type not included in Generalized Linear Model  
e Information on visit purpose was not collected with the direct observation data, so purpose is 

excluded from Generalized Linear Model for direct observation  

 Statea 

 

HCW Typeb 

 

Purposec 

 

Parent Recall aOR  

(95% CI) 

p-value aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

Offered 

Vaccine 

4.49  

(1.77, 11.36) 

0.002 0.76  

(0.30,  1.93) 

0.57 8.79 

(2.72, 28.40) 

<0.001 

Vaccine 

Status 

Verified 

2.86  

(1.01, 8.11) 

0.048 0.21 

(0.07, 0.65) 

0.007 13.59  

(5.52, 33.44) 

<0.001 

Parents 

Counseled on 

Vaccination 

9.28  

(4.21 20.44) 

<0.001 0.52  

(0.22 1.23) 

0.136 3.47  

(1.26, 9.51) 

0.016 

Child 

Received 

Vaccines 

  3.66 

(0.54 24.80) 

0.184 ---d --- 296.72  

(30.37, 2899.1) 

<0.001 

Direct 

Observatione 

aOR  

(95% CI) 

p-value aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

Observed 

Offered 

Vaccine 

6.56  

(2.40, 17.37) 

<0.001 0.35  

(0.12, 1.01) 

0.052 --- --- 

Observed 

Status 

Verified 

4.20  

(1.15, 15.33) 

0.030 0.08  

(0.02, 0.30) 

<0.001 --- --- 

Observed 

Parents 

Counseled 

12.40  

(5.33, 28.86) 

<0.001 0.54  

(0.23, 1.28) 

0.158 --- --- 



23 

 

 

 

 

Table 6. Predictors of verification of vaccination status as assessed by multiple regression, 

stratified by number of children in clinic 

a Reference = Bihar 
b Reference = ANM 
c Reference = Illness visits 
 

 

  

 Statea 

 

HCW Typeb 

 

Purposec 

 

Number of 

children in 

clinic 

aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

aOR  

(95% CI) 

p-

value 

1-4 Children 5.31  

(1.60,  17.63) 

0.006 0.89  

(0.26, 3.03) 

0.853 23.92 

(7.97, 71.81) 

<0.001 

≥5 Children 1.35  

(0.27, 6.75) 

0.717 0.06  

(0.02, 0.20) 

<0.001 9.65  

(1.28, 72.54) 

0.028 
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Supplementary Tables 
Table 7. Crude association between provider practices (ANM and PHC physician 

aggregated) and state 

 Bihar UP   

Parent Recall  (n=85) 

n (%) 

 (n=409) 

n (%) 

OR  

(95% CI) 

p-value 

Offered Vaccine 66 (77.7%) 387 (94.6%) 5.06  

(2.60, 9.87) 

<0.001 

Vaccine Status Verified 67 (78.8%) 383 (93.6%) 3.96  

(2.06, 7.62) 

<0.001 

Parents Counseled on 

Vaccination  

43 (50.6%) 371 (90.7%) 9.54  

(5.55, 16.37) 

<0.001 

Child Received Vaccines 

(ANM only) 

42/45 (93.3%) 201/208 (96.6%) 2.05  

(0.51, 8.26) 

0.300 

 Direct Observation (n=75) 

n (%) 

(n=392) 

n (%) 

OR  

(95% CI) 

p-value 

Observed Parents 

Offered 

57 (76.0%) 375 (95.7%) 6.97  

(3.39, 14.30) 

<0.001 

Observed Vaccine Status 

Verified 

60 (80.0%) 371 (95.6%) 4.42  

(2.16, 9.04) 

<0.001 

Observed Parents 

Counseled 

37 (49.3%) 362 (92.4%) 12.39  

(6.90, 22.27) 

<0.001 

Observed Vaccines 

Received (ANM only) 

40/40 (100%) 193/196 (98.5%) Non-

estimable  

0.430 

Missed Opportunities 3 (4.7%) 8 (2.0%) 0.42  

(0.11, 1.64) 

0.200 
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Table 8. Crude association between provider practices and number of children in 

clinic (1-4 vs. ≥5) 

  1-4 Children ≥ 5 Children     

Parent Recall (n=359) 

n (%) 

(n=130) 

n (%) 

OR  

(95% CI) 

p-value 

Offered Vaccine 338 (94.2%) 110 (84.6%) 0.34 

(0.18, 0.66) 

<0.001 

Vaccine Status 

Verified 

337 (93.9%) 108 (83.1%) 0.32 

(0.17, 0.60) 

<0.001 

Received Vaccines 

(ANM only) 

163/170 

(95.9%) 

80/83  

(96.4%) 

1.15 

(0.29, 4.55) 

0.847 

Parents Counseled on 

Vaccination 

312 (86.9%) 97 (74.6%) 0.44 

(0.27, 0.73) 

0.001 

 Direct Observation (n=346) 

n (%) 

(n=116)  

n (%) 

OR  

(95% CI) 

p-value 

Observed Parents 

Offered 

326 (94.2%) 101 (87.1%) 0.41 

(0.20, 0.84) 

0.012 

Observed Status 

Verified 

326 (94.2%) 100 (86.2%) 0.38 

(0.19, 0.77) 

0.005 

Observed Parents 

Counseled 

305 (88.2%) 89 (76.7%) 0.44 

(0.26, 0.76) 

0.003 

Observed Received 

Vaccines (ANM only) 

161/164 

(98.2%) 

72/72 

(100%) 

Non-

estimable 

0.248 
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Table 9. Crude association between vaccination practices and healthcare worker type in 

Bihar 

 ANM PHC physician   

Parent Recall (n=45) 

n (%) 

(n=40) 

n (%) 

OR  

(95% CI) 

p-value 

Offered Vaccine 38 (84.44%) 28 (70.00%) 0.43  

(0.15, 1.23) 

0.11 

Vaccine Status 

Verified 

42 (93.33%) 25 (62.50%) 0.12  

(0.03, 0.45) 

<0.001 

Parents Counseled on 

Vaccination 

29 (64.44%) 14 (35.00%) 0.30  

(0.12, 0.72) 

0.007 

Parents Have Cell 

phone 

8 (18.18%) 9 (22.50%) 1.31  

(0.45, 3.80) 

0.620 

 Direct Observation (n=40) 

n (%) 

(n=35) 

n (%) 

OR  

(95% CI) 

p-value 

Observed Parents 

Offered 

34 (85.00%) 23 (65.71%) 0.34  

(0.11, 1.03) 

0.051 

Observed Status 

Verified 

40 (100%) 20 (57.14%) Non-estimable  <0.001 

Observed Parents 

Counseled 

23 (57.50%) 14 (40.00%) 0.49  

(0.20, 1.24) 

0.130 

Missed Opportunities 1 (2.70%) 2 (7.41%) 2.88  

(0.25, 33.51) 

0.380 
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Table 10. Crude association between vaccination practices and healthcare worker type in 

Uttar Pradesh 

 ANM PHC physician     

Parent Recall (n=208) 

n (%) 

(n=201) 

n (%) 

OR  

(95% CI) 

p-value 

Offered Vaccine 199 (95.67%) 188 (93.53%) 0.65  

(0.27, 1.57) 

0.340 

Vaccine Status 

Verified 

201 (96.63%) 182 (90.55%) 0.33  

(0.14, 0.81) 

0.012 

Parents Counseled on 

Vaccination 

196 (94.23%) 175 (87.06%) 0.41  

(0.20, 0.84) 

0.013 

Parents Have Cell 

phone 

105 (50.48%) 81 (40.30%) 0.66  

(0.45, 0.98) 

0.039 

 Direct Observation (n=196) 

n (%) 

(n=196) 

n (%) 

OR  

(95% CI) 

p-value 

Observed Parents 

Offered 

191 (97.45%) 184 (93.88%) 0.40  

(0.14, 1.16) 

0.083 

Observed Status 

Verified 

192 (97.96%) 179 (91.33%) 0.22  

(0.07, 0.66) 

0.004 

Observed Parents 

Counseled 

185 (94.39%) 177 (90.31%) 0.55  

(0.26, 1.20) 

0.130 

Missed Opportunities 2 (1.02%) 6 (3.06%) 3.06  

(0.61, 15.37) 

0.150 

 


