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bstract Purpose: To describe the uptake of meningococcal conjugate vaccine (MCV4) in Michigan
adolescents following its approval in January 2005, and compare it to the use of meningococcal
polysaccharide vaccine (MPSV4) in 2004.
Methods: All available records of meningococcal immunizations given between February 1986
and March 2006 were obtained from the Michigan Childhood Immunization Registry (MCIR),
which is used by about 95% of Michigan immunization providers. During late 2005 and early 2006,
these records were analyzed by immunization type, administration date, recipient age, and health
care provider type (public or private).
Results: The MCIR contained 63,253 meningococcal immunizations. A total of 15.2% were given
in 2004, 68.8% in 2005, and 10.8% in 2006. In those years, most immunizations occurred in June,
July, and August. In 2005, 85.2% were MCV4. In 2004, 17 to 18-year olds received nearly all
meningococcal immunizations; in 2005, 11 to 16-year olds received 58.0% of them. Estimates of
immunization coverage were 4.0% for 11 to 12-year olds, 3.4% for 13 to 16-year olds, 5.9% for 17
to 19-year olds, and 19% for freshmen entering college.
Conclusions: Compared to 2004, in 2005 there was a large increase in the number of doses
administered, with more MCV4 than MPSV4. Patterns of immunization were consistent with the
Advisory Committee on Immunization Practices (ACIP) recommendations. Coverage of Michigan
adolescents is low, but increased in 2005 compared with 2004. © 2007 Society for Adolescent
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Meningococcal (Neisseria meningitidis) infection is rare,
ut it can cause severe meningitis or sepsis. It infects about
5 to 1 person per 100,000 population per year in the United
tates, with a case-fatality ratio of 10% to 14% despite

reatment [1]. From 10% to 20% of survivors have long-
erm sequelae such as limb loss, hearing loss, or mental
etardation [2]. There were 44 confirmed or probable cases
f invasive meningococcal disease reported in Michigan in
005, corresponding to an incidence of .4 cases per 100,000
opulation; the previous 3 years were similar (J. Beggs,
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ent of Community Health, 201 Townsend Street, P.O. Box 30195, Lan-

ing, MI 48909.

iE-mail address: engerk@michigan.gov

054-139X/07/$ – see front matter © 2007 Society for Adolescent Medicine. All
oi:10.1016/j.jadohealth.2006.11.141
ichigan Department of Community Health, personal com-
unication, June 28, 2006).
Tetravalent meningococcal polysaccharide vaccine

MPSV4) has been used to prevent meningococcal disease
n the United States since 1981, although it was only rec-
mmended by the Advisory Committee on Immunization
ractices (ACIP) for certain high-risk groups (such as cer-

ain international travelers, asplenic persons, or persons
ith terminal complement component deficiencies) [3].
CIP has not routinely recommended MPSV4 for college

tudents, although it has recommended that colleges, health
are providers, and public health authorities inform college
tudents about the disease and the vaccine [4]. Although a
ichigan law was enacted in 2001 directing the Michigan
epartment of Community Health (MDCH) to support such
nformational efforts for college and high school students

rights reserved.
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5], meningococcal immunization of any specific group is
ot required by law.

On January 14, 2005, tetravalent meningococcal conju-
ate vaccine (MCV4) was approved for use in the United
tates by the U.S. Food and Drug Administration (FDA)
6]. In May 2005, the ACIP recommended routine MCV4
mmunization of 11 to 12-year olds, of persons aged about
5 years prior to high school entry, of incoming college
reshmen living in dormitories, and of certain other persons
t increased risk of meningococcal disease [1]. Demand for
CV4 outstripped available supply in the United States in

005, such that the manufacturer limited ordering of MCV4
n July [7]. However, the ACIP recommendations did not
hange to address the shortage until May 2006, when the
enters for Disease Control (CDC) recommended deferring
CV4 for 11 to 12-year olds [8]. This deferral was re-

cinded in November 2006 [9]. ACIP recommends that
PSV4 be considered an “acceptable alternative” if MCV4

s unavailable [1].
Once a vaccine is recommended by ACIP, it is important

o monitor the implementation of the recommendation. Tra-
itionally, the National Immunization Survey (NIS) has
een used for monitoring uptake of new vaccines as well as
accination coverage at the national and state level. Until
ecently, the NIS was conducted for children aged 19–35
onths [10]. During the fourth quarter of 2006, the NIS will

egin collecting data for adolescents 13 to 17 years of age.
owever, there is usually a lag time between when a rec-
mmendation is made and when a national survey will have
ufficient data to evaluate implementation, limiting an im-
unization program’s ability to adjust implementation strat-

gies if needed.
In contrast to a national survey mechanism, state or local

mmunization information systems (IISs), also referred to as
mmunization registries, contain immunization information
n a diverse population (including adolescents and adults in
ome states) and can receive updates in a more timely
anner. IISs are therefore useful for monitoring implemen-

ation of vaccine recommendations soon after they are
ade. The Michigan Childhood Immunization Registry

MCIR) has been operational since 1998. Its primary pur-
ose is to furnish accurate, complete information on pa-
ients’ immunizations to health care providers, thereby im-
roving immunization coverage and preventing unnecessary
mmunizations. The MCIR also receives funding from the
DC as an Immunization Information System Sentinel Site

11], which helps support research activities using MCIR
ata. We analyzed information from the MCIR to: estimate
he amount of meningococcal immunizations given in

ichigan, determine whether their use is consistent with
CIP recommendations, compare meningococcal vaccina-

ion patterns pre- and post-recommendation, and determine
f vaccination patterns differ between public and private

ealth care providers. d
ethods

ichigan Childhood Immunization Registry (MCIR)

As of March 23, 2006, there were 3,290,797 persons
nder the age of 20 years having 43,343,704 immunizations
ecorded in the MCIR. Of those persons, 47.6% were aged
1 years or older. At the time of this study, state law
equired deletion of persons’ information in MCIR once
hey had reached 20 years of age; this restriction was later
emoved [12]. It was therefore impractical to examine me-
ingococcal immunization trends before 2004, because
lder teenagers at that time would have reached 20 years of
ge by the time of the study.

At the end of 2005, there were 2082 private sites pro-
iding immunizations in Michigan, 95% of which had re-
orted one or more immunizations to the MCIR from July to
ecember 2005; in addition, all of Michigan’s 262 public

mmunization sites reported immunizations during that time
rame. All Michigan health care providers are required to
eport vaccinations to the Michigan Department of Com-
unity Health using the MCIR unless the patient or his/her

uardian has chosen to be removed from it; as of March 23,
006, 2386 (�1%) persons have done so. Additional char-
cteristics of the MCIR are available online [13].

eningococcal immunization data

All records containing a date of vaccination with menin-
ococcal vaccine were abstracted from the MCIR on Octo-
er 27, 2005. A second abstraction was performed on March
3, 2006 to obtain additional data for vaccines administered
fter October 27, 2005. The two datasets were merged to
reate a single dataset that included: date of birth, type of
eningococcal vaccine received (MCV4 or MPSV4), date

f vaccination, and whether the vaccine was administered
y a public or private provider.

Analysis included determining the total number of me-
ingococcal doses administered over time, determining the
istribution of vaccine among various age groups, and com-
aring provider type with type of vaccine administered, age
t vaccination, and year of immunization.

ther data sources

Immunization coverage estimates were calculated by age
roup, as well as for college freshmen. To obtain a denom-
nator for estimation of the proportion of entering freshmen
ho were immunized, the 2004 Integrated Postsecondary
ducation Data System (IPEDS) [14] (maintained by the
ational Center for Education Statistics [NCES]) was used.
his database provided the number of full-time, first-time
egree/certificate-seeking undergraduates enrolled for credit
n Michigan postsecondary educational institutions. Infor-
ation on the capacity of institution-supplied housing was

sed to eliminate institutions without housing from the

enominator. In addition, state of residence at admission of
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rst-time degree/certificate-seeking undergraduates, as well
s the state where their colleges were located, were used to
stimate in-migration and out-migration by college fresh-
en, because students might be immunized in their home

tate before going out-of-state to college.
U.S. census data were used to determine denominators

or immunization coverage by age group. This was neces-
ary because the MCIR is not notified when a child moves
ut of Michigan; therefore, the MCIR overestimates popu-
ation size, and would therefore underestimate immuniza-
ion coverage if MCIR child records were used as the
enominator. The MCIR contained records on 359,321 11
o 12-year olds (135% of the census estimate), 727,788 13
o 16-year olds (130% of the census estimate), and 474,018
7 to 19-year olds (104% of the census estimate). A dataset
ontaining population estimates on July 1, 2004 for persons
f any given age in Michigan (http://www.census.gov/
opest/datasets.html) was used to estimate the number of
ersons who were 11 to 12 years old, 13 to 16 years old, and
7 to 19 years old on April 1, 2005.

Statistical analysis was performed during late 2005 and
arly 2006, using SAS 9.1 (SAS Institute, Inc., Cary, NC).
his study was approved by the Michigan Department of
ommunity Health (MDCH) Institutional Review Board.

esults

The MCIR yielded records of 63,253 meningococcal
mmunizations given to 61,798 persons from February 1986

igure 1. Number of meningococcal immunizations administered month
hildhood Immunization Registry (MCIR). White columns signify mening

onjugate vaccine (MCV4).
o March 2006. Of these persons, 1312 (2.1%) had 2 or
ore meningococcal immunizations, and 702 (1.1%) per-

ons had received both MPSV4 and MCV4. Of the 63,253
eningococcal immunizations, 6800 (10.8%) were given in

006; 43,513 (68.8%) were given in 2005; 9612 (15.2%)
ere given in 2004; and 801(1.3%) were given in 2003. The

emaining 2527 (4.0%) immunizations were given between
986 and 2002. Of the immunizations given in 2005, 37,090
85.2%) were MCV4 and the remainder were MPSV4.
verall, there were 43,469 records of MCV4 immunizations

n the MCIR and 304 (.5%) were administered prior to
005; these are probably due to data entry errors.

In 2004 and 2005, most recorded meningococcal immu-
izations were given in June, July, and August, with August
eing the peak month (Figure 1). The number of immuni-
ations dropped sharply in September of both years.

Figure 2 shows the distribution of meningococcal immu-
ization by age. In 2004, almost all recorded meningococcal
mmunizations were given to persons 17 or 18 years of age,
ith 18-year olds predominating. In 2005, the most com-
on age at which meningococcal immunization was re-

eived remained 18 years. However, 58.0% of meningococ-
al immunizations were given to persons aged 11 to 16
ears. Only 1.1% of meningococcal immunizations in 2005
ere given at age 10 years or less.
Administration of meningococcal immunizations dif-

ered depending on whether they were given by a public or
rivate provider (Table 1). Private providers were signifi-
antly more likely than public providers to report immuni-

January 1, 2004 to March 23, 2006, by immunization type, Michigan
l polysaccharide vaccine (MPSV4); black columns signify meningococcal
ly from
ococca

http://www.census.gov/popest/datasets.html
http://www.census.gov/popest/datasets.html
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ations in persons aged 11–16 years and to report immuni-
ations in 2005 compared with 2004. Although private
roviders were significantly more likely to report MPSV4
nstead of MCV4 when compared to public providers, the
ifference between the two groups was less than two per-
entage points.

An estimate of the proportion of incoming college fresh-
en immunized against meningococcal disease was made.
he MCIR contained 14,543 records of meningococcal im-
unizations given from May 1, 2005 through September

0, 2005 to persons aged at least 18 years by December 1,
005 (corresponding to Michigan’s statutory starting age for
indergarten [15]). There were 77,822 full-time, first-time

igure 2. Number of meningococcal immunizations administered in 2004
MCIR). White columns signify meningococcal polysaccharide vaccine (M

Table 1
Association of public/private provider status with o

Association of private provider with: Distributio

Private

(n � 3040
Age 17–19 at immunization in 2005 29.6%
Age 11–16 at immunization in 2005 70.4%
MCV4 given in 2005 84.7%
MPSV4 given in 2005 15.3%

(n � 3492
Immunization in 2004 13.0%
Immunization in 2005 87.0%

MCV4 � meningococcal conjugate vaccine; MPS

ratio; CI � confidence interval.
egree/certificate-seeking undergraduates enrolled for credit
n Michigan in the fall of 2004. Assuming that enrollment
as similar in fall 2005, and that all of these immunizations
ere given to full-time, first-time degree/certificate-seeking
ndergraduates, an estimated 19% received a meningococ-
al immunization near the start of the academic year. Fur-
her assuming that all of these immunizations were given to
tudents attending institutions that provide housing (49,428
ersons), an estimated 29% were immunized. These pro-
ortions do not appear to be affected by migration, because
271 first-time degree/certificate seeking undergraduates
full-time or part-time) entered Michigan from other areas
n 2004, while 8587 left Michigan to study elsewhere

05 by age at immunization, Michigan Childhood Immunization Registry
); black columns signify meningococcal conjugate vaccine (MCV4).

ects of meningococcal immunization delivery

munizations OR 95% CI p-value

ublic

n � 13112)
0.6% Reference
9.4% 5.7 5.5–6.0 �.0001
6.5% Reference
3.5% 1.2 1.1–1.2 �.0001

n � 18201)
8.0% Reference
2.0% 2.6 2.5–2.7 �.0001

eningococcal polysaccharide vaccine; OR � odds
and 20
ther asp
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79,810 remained in Michigan to study). This amounts to
.03 students leaving for each student entering. Assuming
hat meningococcal immunization coverage is similar
mong students entering and leaving Michigan, migration
ould have little effect on the proportion of students im-
unized.
Estimated immunization levels for the total population in

arious age groups are much lower than estimated immu-
ization levels for incoming college freshmen. U.S. Census
ureau estimates for July 1, 2004 indicate that there were
65,865 Michigan residents who would be aged 11–12
ears on April 1, 2006, as well as 558,269 aged 13–16
ears, and 455,325 aged 17–19 years. There were 9059
eningococcal immunizations given to such 11–12-year

lds, 20,294 to 13–16-year olds, and 27,283 to all 17–19-
ear olds (regardless of whether they entered college). Thus,
ssuming that the population of these groups was essentially
nchanged since July 1, 2004, the estimated vaccination
overage levels on March 23, 2006 for these age groups are
.4%, 3.6%, and 6.0%, respectively; coverage for the group
s a whole (aged 11–19 years) is estimated to be 4.4%.

The effect of a Food and Drug Administration (FDA)
lert that was released on September 30, 2005 regarding a
ossible association between MCV4 administration and
uillain-Barré syndrome (GBS) [16] was investigated. Ex-

mining MCIR records of MCV4 by week of administration
howed a decrease of roughly 30% in the number of immu-
izations administered in the week of October 2–8, which
ecovered over the next 3 weeks, but this may be due to
hance (data not shown).

iscussion

rincipal findings

Our results indicate that there was a clear shift from
PSV4 to MCV4 in Michigan in 2005. In addition, menin-

ococcal immunization increased in 2005, and health care
roviders began to immunize children aged 11 to 16 years.
ersons aged 17 and 18 years were most likely to have

mmunizations reported in both years. Private providers
ere much more likely than public providers to report
eningococcal immunizations to children aged 11–16 years

n 2005; private providers were also more likely to report
mmunizations in 2005 compared to 2004. Generally, im-
unization providers in Michigan appear to have followed
CIP recommendations on the use of meningococcal vac-

ines in persons under 20 years of age. However, overall
overage among the 11 to 19-year old age group remained
ow (4.4%). A trend of increased immunization in June,
uly, and August was seen in both 2004 and 2005, consis-
ent with students getting immunized prior to a new aca-

emic year. o
imitations

There are several limitations to this study. The deletion
f data at age 20 years hindered examination of past trends,
ecause many immunized persons were older than age 20
y the time the data were obtained. For example, the im-
unization status of most 19-year olds in 2004 could not be

etermined because they had aged past 20 years when the
ata were first abstracted on October 27, 2005. In addition,
ontinual improvement in provider participation in the
CIR confounds trend interpretation; there are apparent

ncreases in immunization coverage from year to year, as
ore immunizations are reported. It is also possible that

ome MCV4 immunizations were mistakenly recorded as
PSV4 by MCIR users, biasing downward the proportion

f MCV4 in 2005. Furthermore, because not all immuniza-
ion providers fully participate in the MCIR, the data must
e incomplete. Although approximately 95% of Michigan
mmunization providers participated to some degree during
he last 6 months of 2005 [13], MCIR users might enter
dolescent immunizations less commonly than childhood
mmunizations. These combined factors bias downward the
umber of meningococcal immunizations recorded, possi-
ly by a large amount.

The MCIR contains substantially more records of ado-
escents than census data would suggest. This is mainly
ecause persons who move into Michigan and are immu-
ized get added to the MCIR, but the MCIR is not notified
hen a person moves out of Michigan. Therefore, the
CIR can be viewed as a registry of persons who received

t least one immunization in Michigan, but do not neces-
arily live in Michigan currently. For this reason, U.S.
ensus Bureau population estimates were used as the de-
ominator for the coverage estimates, preventing further
ownward bias in the coverage estimates.

There are also potential problems with comparing im-
unization patterns between public and private providers.
ublic providers have tended to provide better quality data

han private providers, and to adopt the MCIR earlier.
herefore, there has been more growth in private provider

eporting from 2004 to 2005 than there has been in public
rovider reporting. This would tend to inflate the associa-
ion of private provider status with immunization in 2005,
nd might also explain the slight association of private
roviders with MPSV4 administration (private providers
ight be more likely to mistakenly record MPSV4).

elationship to other studies

These data yield the rough estimate that 19% or more of
ncoming Michigan college freshmen were immunized
gainst meningococcal disease just prior to the start of the
005–2006 academic year. Considering that Michigan law
oes not require college freshmen to be immunized against
eningitis, our estimate is higher than we expected. Only
ne other attempt to quantify meningococcal immunization
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n this group was found in the literature. In 1999, 2000, and
001, 13%, 46%, and 60%, respectively, of incoming
rown University (Providence, RI) freshmen had received
PSV4 (an educational intervention occurred prior to stu-

ents’ arrival in 2000 and 2001) [17]. Other researchers
ave found that mass immunization campaigns on college
ampuses following real or perceived meningitis outbreaks
ave immunized 51% to 87% of the targeted population
18]. In this context, the magnitude of the estimate provided
ere seems reasonable, recognizing that it is an underesti-
ate. It will be possible to calculate a more reliable estimate

or 2006.
Timeliness, flexibility, low cost, and the ability to cap-

ure great detail are important advantages to the use of
mmunization information systems (IISs) for determining
mmunization coverage and uptake, compared to national
urveys. For example, the pneumococcal conjugate vaccine
PCV7) was first recommended by ACIP in October 2000
19]; the first PCV7 coverage estimates that the National
mmunization Survey (NIS) produced were for 2002, and
ere published in August 2003 [20], almost 3 years after the

ecommendation. The NIS can only monitor immunization
overage on a yearly basis, and must limit the amount of
nformation requested from respondents to attain high re-
ponse rates. In contrast, IISs can provide any subset of their
nformation at any particular time, and contain far more
etail than the NIS can capture. At this time, studies of IIS
ata cannot replace the NIS, which provides representative
nd comparable immunization coverage estimates for urban
reas, states, and the United States as a whole. IISs cannot
urrently provide rigorous statewide population-based esti-
ates due to incomplete or varying coverage of the popu-

ation, although they can provide detailed information for
ublic health workers at the state and local levels for the
elatively low cost of employing an epidemiologist or data
nalyst. IISs are continuing to improve and expand, how-
ver, and the usefulness of their data will continue to in-
rease.

nterpretation of the study

It is likely that some people who wanted MCV4 were
nable to get it due to demand outstripping supply in 2005
7]. This may have caused more administration of MPSV4
han would have been seen in the absence of an MCV4
hortage, as well as causing people to delay immunization.
nfortunately, little information was available regarding the

mpact of the shortage in Michigan. Although Michigan did
ot experience a shortage of publicly purchased MCV4
accine (D. Wildt, Michigan Department of Community
ealth, personal communication, May 8, 2006), there is

necdotal evidence that some Michigan health care provid-
rs had difficulty obtaining MCV4 privately, and Sanofi
asteur released a statement addressing the shortage in July

005 [7]. Almost a year later (May 19, 2006), the CDC
ecommended that administration of MCV4 to persons aged
1 to 12 years be deferred, while stating that Sanofi Pasteur
xpected the demand for MCV4 to continue outpacing the
upply through the summer of 2006 [8]. The CDC declared
he shortage over in November 2006 [9]. The MCIR may
rove useful in the future for studying the effects of such
ncidents on immunization, and has already been used to
xamine PCV7 shortages [21].

The FDA released an alert on September 30, 2005 re-
arding a possible association between MCV4 administra-
ion and Guillain-Barré syndrome (GBS) [16]. Preliminary
vidence of such an association was reported on October 6,
005 [22]. The MCIR did not show a large or sustained
ecrease in MCV4 administration following those events.
urther information was published by the CDC in October
006, indicating that the risk of GBS might be slightly
igher in the 6-week window following MCV4 immuniza-
ion, although investigation is continuing [23].

In addition to MCV4, other new immunizations are being
argeted to adolescents (human papillomavirus vaccine
HPV]; tetanus toxoid, reduced diphtheria toxoid, and acel-
ular pertussis vaccine [Tdap]). It can be difficult to reach
dolescents for immunizations, but this study shows that
ichigan is having some success with MCV4. As the MCIR

ontinues to improve, it will become more useful for mon-
toring immunization uptake in adolescents.
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