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ABSTRACT

Objectives. We surveyed U.S. immunization program managers (IPMs) as part 
of a project to improve public health preparedness against future emergencies 
by leveraging the immunization system. We examined immunization program 
policy and Immunization Information System (IIS) functionality changes as 
a result of the Haemophilus influenzae type B (Hib) vaccine shortage and 
pandemic influenza A(H1N1) (pH1N1). Evaluating changes in immunization 
program functionalities and policies following emergency response situations 
will assist in planning for future vaccine-related emergencies.

Methods. We administered three consecutive surveys to IPMs from 64 state, 
city, and territorial jurisdictions in 2009, 2010, and 2012. We compared IPMs’ 
responses across either two or three years (e.g., changes in response or consis-
tent responses across years) using McNemar’s test. 

Results. Immunization programs maintained increases in functionality related 
to communication systems with health-care providers during this period. 
Immunization programs often did not maintain changes to IIS functionalities 
made from 2009 to 2010 (e.g., identifying high-risk and priority populations, 
tracking adverse events, and mapping disease risk) in the post-pandemic 
period (2010–2012). About half of IPMs reporting additional IIS functionality in 
identifying high-risk populations from 2009 to 2010 reported no longer having 
this function in 2012. There was an 18% decline in respondents reporting geo-
graphic information systems risk-mapping capability in IIS from 2010 to 2012.

Conclusions. Because of the Hib vaccine shortage and pH1N1, immunization 
program needs and efforts changed to address evolving situations. The lack 
of sustained increases in resources or system functions after the pandemic 
highlights the need for comprehensive, sustainable public health emergency 
preparedness systems and related resources. 
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Pandemic influenza A(H1N1) (pH1N1) both positively 
and negatively impacted existing immunization pro-
grams and policies throughout the United States, 
necessitating rapid changes in response to the evolving 
pandemic.1,2 The H1N1 influenza response required 
efficient action, which resulted in the vaccination of 
81 million people in less than a year3 and included 
the collaboration of federal, state, and local partners.4 
State and local immunization programs were forced to 
rapidly respond and evolve due to the nature of that 
fast-moving pandemic, and, during that time, informa-
tion (e.g., disease severity and vaccine planning) was 
constantly changing.1,2,5,6

After-action reports, surveys, and discussion groups 
have summarized the perspectives of officials from 
all levels about the successes and challenges of the 
response.1,2,4–6 Funding allocated to health departments 
participating in the response assisted in development 
and implementation of response policies and activities. 
A major success of the H1N1 influenza vaccination 
program was the administration of free vaccines for 
the U.S. population. Additionally, after-action discus-
sions and reports gave rise to policy recommendations 
regarding increased guidance on medical countermea-
sures and antiviral use, national vaccine registries, and 
improved use of the Incident Command System (ICS).7 

But changes made to immunization programs dur-
ing the course of the pandemic may not be sustained. 
The National Association of County and City Health 
Officials anticipated massive cuts to health depart-
ments’ personnel and programs.8 Quantifying the 
differences in resources during emergency and non-
emergency times will provide insight into the sustain-
ability of changes made during an emergency and the 
ability of health departments to maintain preparation 
for future pandemics. 

We conducted surveys of immunization program 
managers (IPMs) in three different years during 
different emergencies that would potentially affect 
immunization programs. In 2009, the survey questions 
focused on the Haemophilus influenzae type B (Hib) vac-
cine shortage. We administered the 2010 survey shortly 
after the pH1N1 response. In 2012, the survey ques-
tions reflected on the response to pH1N1. Surveying 
IPMs9,10 during the three time periods allowed us to 
assess the extent to which the immunization programs 
sustained the changes that occurred during pH1N1 
and extended them beyond that event.

METHODS 

IPMs received electronic surveys in 2009, 2010, and 
2012, as described by Chamberlain et al. for the 2009 

and 2010 surveys9 and by Seib et al.11 for the 2012 
survey. The 2009 survey focused on management of 
the 2007–2009 Hib vaccine shortage and included 
questions on immunization programs’ preparations for 
the fall 2009 H1N1 influenza vaccination campaign. 
The 2010 and 2012 surveys focused on programs’ 
management of the H1N1 vaccination campaign and 
were conducted using methods similar to those used 
for the 2009 survey. We e-mailed or mailed surveys 
to IPMs in 64 jurisdictions (i.e., federal immuniza-
tion program grantees), including the 50 states; the 
District of Columbia; Houston, Texas; New York, New 
York; Philadelphia, Pennsylvania; San Antonio, Texas; 
and U.S. territories. Each survey included qualitative 
and quantitative questions regarding Immunization 
Information System (IIS), relationships with emergency 
preparedness personnel, pandemic planning, relation-
ships and communication between immunization pro-
grams and providers in the jurisdiction, identification 
of high-risk populations, and funding in the context of 
the pH1N1 vaccination campaign. Fifty-eight percent 
(n537) of IPMs from the 64 jurisdictions responded 
to the 2009 survey, 84% (n554) responded to the 
2010 survey, and 95% (n561) responded to the 2012 
survey. Forty-five percent (n529) responded to all three 
surveys (data not shown). 

We identified the quantitative questions that were 
similar across two or more surveys. We analyzed 
responses using SAS® version 9.1.3.12 We compared 
IPMs’ responses across either two or three years (e.g., 
changes in response or consistent responses across 
years) using McNemar’s test, with p,0.05 considered 
statistically significant. 

A total of 12 questions available for analysis were 
consistent throughout at least two of the surveys (2009 
and 2012 surveys, 2010 and 2012 surveys, or across all 
three surveys). The 12 questions mainly focused on 
the IIS of each jurisdiction as an integral part of an 
immunization program. We analyzed these questions 
to identify changes in immunization programs’ capa-
bilities and practices from the height of pH1N1 to the 
two years following. 

We asked IPMs about specific functional compo-
nents of their jurisdictions’ IIS. In 2009, the survey 
stated, “Does your state’s IIS have any of the follow-
ing modules or functional components?”; in 2010, 
we asked, “How valuable was your jurisdiction’s IIS 
in accomplishing the following activities during the 
H1N1 vaccination campaign?”; and in 2012, we asked 
respondents to “Indicate the functionality changes that 
occurred to the IIS during or after the H1N1 vaccina-
tion campaign or if the functionality is planned for the 
future.” We recoded the result of that question to “yes” 
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if the IPM indicated the IIS had the function and “no” 
if the IPM indicated the IIS did not have that function. 

Questions analyzed included asking the IPMs if they 
had the authority to include information on adults in 
their jurisdictions’ IIS, and asking if their IIS had the 
functions to do the following: track vaccine distribu-
tion, identify high-risk or high-priority populations, 
track vaccine administration, perform risk mapping, 
track vaccine-related adverse events, allow providers to 
place vaccine orders, push vaccine-related communi-
cation out to providers, and transfer vaccines among 
provider sites. We also asked IPMs about funds from 
the Emergency Preparedness Cooperative Agreement 
and other staffing support.

RESULTS

Capabilities that addressed communication with provid-
ers and strategic partners increased from 2010 to 2012. 
Fourteen immunization programs that reported not 
having the ability to push vaccine-related communica-
tion to providers in 2010 reported having that ability 
in 2012 (data not shown). There was an increase in 
the percentage of IPMs responding to the survey who 
indicated having the ability to push vaccine-related 
communication to providers, from 61% in 2010 to 83% 
in 2012 (Table). Only two IPMs who reported having 
the ability to push vaccine-related communication to 
providers in 2010 no longer reported having this func-
tion in 2012. Additionally, 11 immunization programs 
that did not have the functionality to allow providers 

to place vaccine orders as part of their jurisdictions’ 
IIS in 2010 could do so in 2012, while only six immu-
nization programs that previously allowed providers to 
place vaccine orders in 2010 indicated they no longer 
could in 2012 (data not shown).

From 2009 to 2010, about 36% of IPMs (10/28) 
who responded to all three surveys reported that their 
jurisdictions’ immunization program had gained the 
ability to identify high-risk or high-priority populations 
between the two surveys, whereas only two that reported 
having this function in place in 2009 reported no 
longer having it in 2010. Of those who reported gain-
ing this function from 2009 to 2010, 18% fewer IPMs 
reported having the function in 2012 (data not shown). 

A similar pattern occurred for the risk-mapping 
capability using geographic information systems (GIS). 
Almost twice as many total respondents reported hav-
ing this function in 2010 than in 2009. However, the 
proportion of IPMs who reported having this ability 
decreased by 18% from 2010 to 2012. The use of the 
IIS function to track vaccine-related adverse events also 
increased. Nine respondents reported gaining the func-
tion from the 2009 to the 2010 survey, while only two 
respondents lost this function during that time period. 
From the 2010 to 2012 surveys, four respondents lost 
this function and two gained it (data not shown). 

IPMs who reported that their immunization pro-
grams had the ability to transfer vaccines among 
provider sites decreased from 60% (29/48) in 2010 to 
37% (21/57) in 2012. Almost all of the immunization 
programs had the authority to include adults in their 

Table. Comparison of IPM reports of immunization program and IIS functionalities, as provided in surveys 
conducted among U.S. IPMs surveyed in 2009, 2010, and 2012 

Capability

IPMs reporting 
having the 

function in 2009 
(n537a)  

N (percent)

IPMs reporting 
having the 

function in 2010 
(n554a) 

N (percent)

IPMs reporting 
having the 

function in 2012 
(n561a) 

N (percent)

Allowing providers to place vaccine orders NAb 19/48 (40) 28/59 (47) 
Pushing vaccine-related communication to providers NAb 30/49 (61) 49/59 (83)
Transferring vaccines among provider sites, states, or jurisdictions NAb 29/48 (60) 21/57 (37)
Authority to include adults in IIS 29/30 (97) NAb 39/58 (67)
Data entry mandatory for providers NAb 26/52 (50) 26/57 (46)
IIS functional component: identifying high-risk or high-priority populations/ 
  recipients

14/36 (39) 28/46 (61) 27/58 (47)

IIS functional component: risk mapping 9/36 (25) 26/48 (54) 21/58 (36)
IIS functional component: tracking adverse events 14/36 (39) 28/49 (57) 31/58 (53)

aIPMs responding to the survey did not respond to each survey question.
bQuestion not included in that year’s survey

IPM 5 immunization program manager

IIS 5 Immunization Information System

NA 5 not available
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IIS in 2009 (97%, 29/30); however, in 2012, only 67% 
(39/58) reported having this authority (Table).

Regarding funding for public health preparedness 
and response, the majority of IPMs (73%) reported 
using funds from the Centers for Disease Control and 
Prevention (CDC) Public Health Emergency Prepared-
ness Cooperative Agreements13 in 2009. In 2012, 41% 
of IPMs reported receiving funding, staffing support, 
and other resources from the emergency preparedness 
program for their immunization programs after the 
H1N1 vaccination campaign (data not shown).

DISCUSSION

Through the analyses of IPM responses to similar 
questions in surveys spanning three years, we found 
that vaccine shortages and the efforts to vaccinate 
communities for pandemic influenza not only called 
for changes to existing programs, but also required 
increased resources to respond. Despite some limited 
successes that have been sustained or strengthened 
over time (e.g., the capabilities for IPM-immunization 
provider communication), other key functions (e.g., 
the ability to identify populations at elevated risk for 
severe illness or to map the risk or prevalence of disease 
using GIS) were not used from the end of the pandemic 
to 2012, potentially due to a lack of sufficient staffing. 
These functionalities are especially important during a 
public health emergency, but they should not be lost or 
left entirely inactive during nonemergency situations. 
These capabilities remain important to public health 
departments in non-pandemic situations, such as short-
ages of routine vaccines (e.g., 2007–2009 Hib vaccine 
shortage and 2004 influenza vaccine shortage),14 vac-
cine recalls (e.g., December 2009 quadrivalent human 
papillomavirus vaccine recall),15 localized epidemics 
(e.g., pertussis outbreaks), and natural disasters. There 
is a need to identify high-priority groups for vaccination 
in standard practice. For example, including adults in 
the IIS for vaccinations where the risk factors for severe 
illness may be similar for an influenza pandemic (e.g., 
adult pneumococcal vaccine for individuals $65 years 
of age) may allow physicians to identify high-risk popu-
lations during an emergency.5 Using functions such as 
high-risk patient identification on a regular basis will 
enable practitioners to keep their skills current for use 
in an emergency. 

Enhanced communication with providers and the 
ability to transfer vaccine among providers may be use-
ful in settings other than an emergency. For example, 
during a recall of one lot of the Gardasil® vaccine 
in December 2013, the use of vaccine tracking and 
provider communication tools within IIS could have 

provided an efficient way to ensure the recall was com-
municated rapidly and handled appropriately.16 While 
the ability to transfer vaccines among provider sites is 
most critical during an emergency, due to the routine 
nature of shortages of vaccines or other products,1 there 
may be a need to transfer products to a higher volume 
practice to better serve the demand. In 2013, during a 
shortage of tuberculin skin tests, CDC recommended 
prioritizing the use of this product for tuberculosis 
contact investigations for high-risk individuals.17 Such 
a recommendation might require the transfer of the 
product from providers who have low-risk patients to 
providers who have high-risk patients, or to public 
health authorities. The ability to transfer products 
among provider sites more frequently may allow 
providers to do the same on a larger scale during an 
emergency. Public health departments would benefit 
from additional resources to maintain these utilities. 
Improving the functionality profile of immunization 
programs may assist in improving the standard of care 
during non-emergencies.

Through our analysis, we learned that IPMs’ com-
munication with community partners was an area of 
improvement since 2009. We observed that enhance-
ments made to communication capabilities during 
the 2009 pH1N1 response were sustained following 
the pandemic. This result mirrors other conclusions 
about partnership strengthening between and within 
health departments, schools, and emergency respond-
ers as a result of responding to pH1N1.4 Our results 
also show that IPMs reported that improved commu-
nication among immunization programs, providers, 
emergency preparedness personnel, and other key 
partners was sustained. Running successful and efficient 
mass vaccination clinics required joint participation 
of health departments, health-care providers, schools, 
and pharmacies,18,19 and these partnerships that arose 
out of necessity are likely to be the most useful during 
future emergencies.10 

Because funding for public health programs is lim-
ited, it is unrealistic to expect all capabilities established 
in response to a national vaccine-related emergency to 
be maintained post-emergency. These functions often 
require increased staffing or funding levels, and in 
the era of budget limitations, it may not be feasible 
to maintain all capabilities at maximal levels during 
non-emergency periods.20 Health departments need 
to prioritize programs based on jurisdictions’ needs. 
Resources, including personnel, need to adapt as fund-
ing climates and demands change;8 however, it remains 
important not to lose programmatic familiarity with 
the functionalities, management policies, and budget-
ary decisions that proved effective during a large-scale 
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emergency. One way to maintain preparedness for 
vaccine-related emergencies both large and small is 
by continuing to foster ties between immunization 
programs and emergency preparedness programs. 
Through concerted efforts to maintain close working 
relationships between immunization and emergency 
preparedness programs, functionalities can be shared, 
costs can be diffused, and an institutional memory of 
what has been successful in the past can persist over 
time and across multiple programs. In 2012, the Asso-
ciation of Immunization Managers (AIM) developed 
a set of collaboration principles for immunization 
programs and emergency preparedness programs that 
explicitly describes activities the two programs can do to 
maintain their collaborations across time and between 
emergencies.21 From the perspective of maintaining 
preparedness during a tight budgetary climate, AIM’s 
principles remain valuable.

After the initial shortage of vaccine, vaccine manu-
facturing increased, allowing the H1N1 influenza vac-
cine to be distributed quickly in mass quantities.22,23 
The federal government purchased the pH1N1 vac-
cine and allocated it to the states, and the states were 
responsible for allocating the vaccine in a way that 
made sense for each state. For example, some states 
used the health-care system to distribute vaccine.24,25 
Working with providers to distribute vaccine required 
effective communication with providers.9,10,13,18 This 
enhanced communication with providers, especially 
those who cared for high-risk patients, might have 
also increased the ability to push out vaccine-related 
communication to providers.2 The tracking of adverse 
events associated with this new vaccine was a priority 
for the federal government and impacted states and 
providers through enhanced tracking of adverse events 
associated with the vaccine.26,27 The increased prior-
ity at the federal level likely improved the ability of 
immunization programs at the state or local level to 
track adverse events during the pandemic.

During the fall 2009 peak of pH1N1, when the vac-
cine was first produced and distributed, there were 
shortages of the H1N1 influenza vaccine.18 The lessons 
learned from the Hib vaccine shortage served as a 
starting point for developing plans to maximize H1N1 
influenza vaccine delivery to high-risk populations.10 
While health departments attempted to prioritize 
high-risk groups, reallocation of the vaccine was likely 
necessary because of (1) the way the vaccine was pack-
aged for delivery (i.e., shipment sizes too large for a 
given practice’s needs), (2) the vaccine formulation 
recommended or contraindicated for certain groups, 
and (3) the elevated need in some places but not oth-
ers.18 This shortage called for the ability of jurisdictions 

to move vaccines between provider sites.28 This policy 
change was necessary in the context of an emergency. 
Further research is needed to investigate whether or 
not this policy change, if made permanent, would affect 
funding or would be useful in non-emergency settings.

The addition of capabilities during emergencies 
and then their subsequent loss, along with the current 
budget climate, highlights the need for comprehensive 
emergency preparedness programs in which immuni-
zation plays a role along with other key preparedness 
activities. By viewing components of public health 
preparedness across a continuum rather than as dis-
sociated activities with little or no routine coordination 
across departments, officials can leverage these activi-
ties for the most effective use of limited resources. This 
incorporation of emergency preparedness and routine 
functionality can provide a framework for more rapid 
coordination when public health emergencies arise.

Strengths and limitations 
This study was subject to several limitations. For one, 
while the response rates for the 2010 and 2012 surveys 
were high, the response rate for the 2009 survey was 
less than optimal. Because we administered the 2009 
survey from July through October, IPMs were likely 
preoccupied with preparing for the fall 2009 mass 
vaccination campaign. However, the timing of the 
surveys did enable us to gather data on programmatic 
capabilities both during the height of the pandemic 
and post-pandemic. These measurements allowed us 
to evaluate not only the changes made in response to 
the pandemic, but also the sustainability of changes 
across three distinct time periods. With high survey 
response rates in 2010 and 2012, we were able to 
evaluate changes in programmatic functionalities even 
without data from the mid-pandemic period from 
certain programs. 

Second, because the wording of the questions in 
each survey was not always consistent, it was challeng-
ing to compare each question over time; however, we 
were able to use questions that were very similar, if not 
worded exactly the same, for comparisons between 
each survey. The findings of reduced IIS functional-
ity at later time points, among IPMs that previously 
reported having these functionalities, may be due in 
part to a difference in perception relative to the ques-
tions asked, as increased technological components 
of IIS are not routinely uninstalled. If an IIS had the 
program modules installed, but the modules were not 
actively being used after the pandemic, it is possible 
that respondents may not have perceived these modules 
as available functions within their IIS and responded 
that the function was not in place. Further research is 
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needed to identify the reasons behind these perceived 
functionality losses. 

Third, the surveys were aggregated at a demographic 
level, and issues in specific jurisdictions were not 
described. Some areas may not have the ability or need 
to maintain certain functions. The use of public health 
preparedness systems as encompassing immunization 
programs may negate the need for immunization pro-
grams to have the capacity to perform tasks on a regular 
basis that may exist elsewhere in a health department 
and could be used in an emergency. This analysis 
did not examine the prioritization of immunization 
programs’ capabilities specific to certain jurisdictions.

CONCLUSIONS

Our analysis across three surveys administered during 
four years suggests that some of the programmatic capa-
bilities established within immunization programs dur-
ing both routine vaccine shortages and a response to a 
pandemic have not been sustained. The loss of these 
functional capabilities may limit the ability of health 
departments to be adequately prepared for the next 
vaccine-related public health emergency. A sustained 
balance between available resources and the need to 
maintain comprehensive public health emergency 
preparedness programming is necessary in the face 
of limited resources and future public health threats. 
When resources are not sustained, capabilities may not 
be sustained; constant rebuilding of infrastructure and 
capabilities needed in responding to vaccine shortages 
and public health emergencies may not be an effective 
use of resources. Further investment in immunization 
systems as a part of comprehensive emergency pre-
paredness programs across health departments could 
maintain preparedness in strategic and cost-effective 
ways, thereby potentially reducing the strain on the 
immunization system and boosting its success during 
future public health emergencies. 

The Emory University Institutional Review Board approved all 
surveys as exempt studies. This project was supported by Centers 
for Disease Control and Prevention (CDC) grant #5P01TP000300 
for the Emory University Preparedness and Emergency Response 
Research Center. Its contents are solely the responsibility of the 
authors and do not necessarily represent the official views of 
CDC. 
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