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Although vaccines are one of the greatest public health 
achievements, millions of United States (US) adults do not 
receive recommended vaccinations.1 For example, the Centers 
for Disease Control and Prevention (CDC) estimated that, in 
2011, only 13% of people aged 19–64 y had received Tdap (teta-
nus, diphtheria, and acellular pertussis) since it was licensed in 
2005, and only 16% of those aged ≥60 y had been vaccinated 
against herpes zoster.2 It has been estimated that 40 000–50,000 
adults die annually from potentially vaccine-preventable diseases 
(VPDs) in the US,1 and that the financial burden of adult VPDs 
in the US is at least $10 billion annually.3

Barriers to vaccination in the US include lack of patient 
awareness of vaccine availability and risks of contracting VPDs; 
lack of physician knowledge about adult vaccination recommen-
dations and of appropriate recommendations from physicians to 
patients; financial barriers for patients and reimbursement issues 

for medical practices; failure to update vaccinations during office 
visits; logistics issues at the office level (e.g., limited refrigerator/
freezer space and up-front vaccine costs); and a variable supply 
of vaccines.1,4-8 The 2010 Patient Protection and Affordable Care 
Act9 may remove some of these barriers and increase the use of 
preventive services in the US.10 Under healthcare reform, com-
mercial insurers are required to provide first dollar coverage for 
vaccines, but for Medicaid, the requirements are unclear and may 
not be determined.

There are no published papers reporting VPD incidence pro-
portions among adults covered by Medicaid and those who are 
commercially insured using similar methodologies. This analy-
sis attempts to quantify the incidence proportions of various 
VPDs in these  2 insured populations, which will serve as base-
lines for evaluating the impact of Affordable Care Act in these 
populations.
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Vaccination rates among United states (Us) adults are suboptimal, resulting in morbidity, mortality, and financial bur-
den attributable to potentially vaccine-preventable diseases (VPDs). Unadjusted annual incidence proportions of VPDs 
were estimated for Medicaid and commercially insured adults aged 19–64 years using 2006–2010 claims, along with 
age/gender-adjusted incidence proportions for 2010. In 2010, 1.6 million Medicaid adults (mean age 34 ± 12 years; 73.4% 
female) and 33 million commercially insured (mean age 42 ± 13 years; 52.2% female) were included. Age/gender-adjusted 
incidence proportions (per 100 000) in 2010 among Medicaid vs commercially insured adults for meningococcal disease 
were 26.2 (95% cI 22.9–29.8) vs 2.0 (1.9–2.2) (P < 0.001); hepatitis B 88.9 (82.6–95.6) vs 17.5 (17.0–17.9) (P < 0.001); pneumo-
coccal disease 98.2 (91.7–105.1) vs 21.1 (20.7–21.6) (P < 0.001); hepatitis A 19.8 (16.9–23.1) vs 4.5 (4.3–4.7) (P < 0.001); mumps 
2.1 (1.3–3.3) vs 1.4 (1.3–1.6) (P = 0.14); measles 0.3 (0.1–1.0) vs 0.3 (0.2–0.3) (P = 0.38); herpes zoster (60- to 64-year-olds only) 
459 (408–515) vs 473 (466–481) (P = 0.35); varicella (19- to 39-year-olds only) 6.5 (4.8–8.5) vs 8.0 (7.5–8.5) (P = 0.12); influ-
enza 586 (573–598) vs 633 (631–636) (P < 0.001); and pertussis 1.8 (1.1–2.8) vs 3.2 (3.0–3.4) (P < 0.001). Research is needed 
to fully understand the causes of the disparity of the coded incidence of some VPDs in adult Medicaid population than 
commercially insured adults in the Us.
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Results

Populations
This analysis was based on individuals aged 19–64 y reported 

for the years 2006–2010, ranging from 1.4 to 2.0 million 
Medicaid enrollees per year and from 23 to 33 million com-
mercially insured individuals per year. Table 1 contains popu-
lation demographics as mean values over the 5 y and for 2010 
alone. Demographics for each annual sample were similar within 
the commercially insured and Medicaid populations (data not 
shown). Compared with the commercially insured population, 
the Medicaid population was on average younger (mean age 34 
± 12 vs 42 ± 13 y) and included more females (74.1% vs 52.3%) 
over the 5 y (Table 1).

Unadjusted and age/gender-adjusted results for 2010
Unadjusted and age/gender-adjusted (to the US 2010 cen-

sus11) incidence proportion results for 2010 are shown in Table 2. 

Adjusted incidences of varicella, herpes zoster, measles, and 
mumps were not significantly different between the  2 popula-
tions; but incidences of pneumococcal disease, meningococcal 
disease, hepatitis A, and hepatitis B were significantly higher 
in the Medicaid population, while incidences of influenza and 
pertussis were significantly lower.

Unadjusted results (5-y mean values)
Mean unadjusted VPD incidences over the 5 y (or 4 influ-

enza seasons) are shown in Table 3. The highest incidences 
were for herpes zoster (50–64 or 60–64 y only) and influenza, 
while there were few cases of measles and mumps. Unadjusted 
mean incidences of many of the VPDs were similar in the 
Medicaid and commercially insured populations, but inci-
dences of pneumococcal and meningococcal diseases, hepati-
tis A, and hepatitis B were higher in the Medicaid population.

Table 4 and Table 5 show mean 5-y unadjusted VPD inci-
dences stratified by age and gender for the Medicaid and com-
mercially insured populations, respectively. Pneumococcal 
disease, meningococcal disease, hepatitis A, and hepatitis B 
incidences increased with age in both populations. Incidences 
of influenza, herpes zoster, and pertussis were higher among 
females than males in both populations; while incidences of 
hepatitis A and hepatitis B were generally higher among males 
than females.

Unadjusted results per year
Figure 1 shows how the incidences of the different VPDs 

varied over the 5 y (4 influenza seasons) of the study. Influenza 
had the largest variation between years. Absolute patient num-
bers, incidences per 100 000 and 95% CIs for each year in the 
Medicaid and commercially insured populations are shown in 
Table S2 and S3, respectively.

Discussion

This analysis, which quantifies the incidences of diagnos-
tic codes for the various VPDs among Medicaid and com-
mercially insured populations, found an appreciable burden 
of many VPDs in both populations.
Compared with 2010 national notifiable disease incidences 

reported by the CDC,12 we identified similar incidences (per 
100 000) of pertussis (adjusted Medicaid and commercial [ages 
19–64 y] 1.8 and 3.2; CDC [ages 15–64 y]1 3.9) and mumps (2.1 
and 1.4; CDC 0.7), but higher incidences of measles (0.3 and 
0.3; CDC 0.02), hepatitis A (19.8 and 4.5; CDC 0.6), hepatitis B 
(88.9 and 17.5; CDC 1.5), pneumococcal disease (98.2 and 21.1; 
CDC 6.5), and meningococcal disease (26.2 and 2.0; CDC 0.2). 
Our results are different from those from the CDC because the 
methodology used to capture the CDC rates is different to ours; 
for example the CDC can only count reported cases (and report-
ing of notifiable diseases is likely incomplete13,14), and the CDC 
do not count ‘probable’ cases for measles, hepatitis A, hepatitis 
B, or pneumococcal disease,12 while we relied on the accuracy of 
coding in administrative claims databases.

Herpes zoster is not a notifiable disease, but our results 
(roughly 400–600/100 000 in Fig. 1) are in a similar range to 

Table 1. Population demographics as mean values for the 5 y 
 from 2006 to 2010 and for 2010 alone

Mean values for 
2006–2010

2010

Medicaida

(n = 
1 658 054)

Commercialb

(n = 
28 000 862)

Medicaida

(n = 
1 629 543)

Commercialb

(n = 
32 929 132)

Mean ± sD age, 
years

34 ± 12 42 ± 13 34 ± 12 42 ± 13

Age, n (%)

19–34 y
998 168 

(60.2)
8 828 120 

(31.5)
997 336 

(61.2)
10 266 113 

(31.2)

35–44 y
302 216 

(18.2)
6 348 943 

(22.7)
284 090 

(17.4)
7 356 257 

(22.3)

45–54 y
213 493 

(12.9)
7 038 738 

(25.1)
204 593 

(12.6)
8 295 219 

(25.2)

55–64 y
144 178 

(8.7)
5 785 061 

(20.6)
143 524 

(8.8)
7 011 543 

(21.3)

Gender, n (%)

Female
1 228 439 

(74.1)
14 651 400 

(52.3)
1 195 312 

(73.4)
17 175 092 

(52.2)

Male
429 616 

(25.9)
13 349 462 

(47.7)
434 231 

(26.7)
15 754 040 

(47.8)

Race, n (%)

White
773 300 

(46.5)
NA

771 440 
(47.3)

NA

Black
542 965 

(32.8)
NA

467 726 
(28.7)

NA

Hispanic
56 308 

(3.4)
NA

74 927 
(4.6)

NA

Other
285 481 

(17.3)
NA

315 450 
(19.4)

NA

a Medicaid populations for 2006; 2007; 2008; 2009; and 2010 were 1 978 226; 
1 438 662; 1 516 675; 1 727 166; and 1 629 543, respectively; b commercial 
populations for 2006; 2007; 2008; 2009; and 2010 were 22 977 517; 25 270 229; 
29 796 092; 29 031 341; and 32 929 132, respectively; NA, not available.
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incidence rates derived from outpatient 
claims from over 10 million insured per-
sons from MarketScan® databases, where 
incidences of herpes zoster among the rel-
evant age groups were 340–830/100 000 
during 2006.15 Our results are also in a 
similar range to those from the placebo 
groups of  2 large, prospective herpes 
zoster vaccination trials (1079/100 000 
among 60- to 69-y-olds during 1998–
200416 and 657/100 000 among 50- to 
59-y-olds during 2007–201017). Our 
influenza results are similar to those from 
a 2009–2010 study of over 200 000 adults, 
of whom 8.1% self reported influenza-like 
illness.18 Of these, 40% reported seeking 
healthcare, and 26% of those who sought 
healthcare reported receiving a diagnosis 
of influenza,18 for an incidence of around 
840/100 000; roughly similar to our inci-
dence of around 600/100 000 in 2010.

Our age/gender-adjusted results from 
2010 showed that incidences of VPDs for 
which vaccination was only recommended 
for adults with risk factors (pneumococcal 
and meningococcal diseases, hepatitis A, 
hepatitis B) were higher in the Medicaid 
population, while incidences of most 
other VPDs were higher among com-
mercially insured patients. The reasons 
for the differences in incidences between 
the  2 populations are unclear. Because 
of the large difference in the distribution 
of age and gender between commercially 
insured and Medicaid populations, we 
adjusted for age and gender while compar-
ing the VPD incidence. Differences in VPD incidence between 
the  2 populations remained after the adjustment, which sug-
gest other factors have played a role. Examples of such factors 
could include access to healthcare, occupation, life style, risk 
behaviors, nutritional status, personal hygiene, characteris-
tics of residence, and presence of chronic medical conditions 
as well as others. Information on most of these factors is not 
available in the administrative claims databases and cannot 
be assessed in this study. Another potential explanation for 
the higher incidences of some VPDs among Medicaid adults, 
and vice versa, could be lower vaccination rates in one of the 
populations. Higher rates of vaccination, in accordance with 
ACIP recommendations, would help reduce VPD burden and 
the associated mortality, morbidity, costs to the healthcare sys-
tem, and diminished productivity.1 According to surveys of 
insurance companies and Medicaid programs, a vast majority 
of Medicaid programs and private insurance cover all ACIP rec-
ommended vaccines. Depending on the programs enrolled in, 
enrollees may be requested to pay a copay or deductible to get a 
vaccine. Because the database does not contain information on 

the cost-sharing structure of individual plans, we are unable to 
assess its impact on vaccine coverage

Possible differences in geographic distribution between 
the Medicaid and commercially insured populations may also 
account for the differences in the VPDs because infectious dis-
eases are not randomly distributed across the US. However, per 
data use agreement, information on geographic residence of 
Medicaid enrollees is not accessible to the study team. Thus, 
the effect of geographic differences cannot be explored.

There is a general consensus that vaccination rates can be 
increased in both Medicaid and privately insured popula-
tions.19,20 Many strategies and mechanisms aiming at improving 
vaccination rates are being designed and tested, such as utiliz-
ing health information technology to send reminders to both 
providers and enrollees, reducing or eliminating patient copay-
ment, and using of combination vaccines.21-23 On the other 
hand, insufficient Medicaid reimbursement for vaccination and 
counselling to healthcare providers, insecure vaccine supplies, 
and financial risk of stocking vaccines has been cited as the top 
barriers and need to be addressed as well.21,22

Table 2. Mean unadjusted and age/gender-adjusted VPD incidence proportions (95% confidence 
intervals) (per 100 000) among Medicaid and commercially insured adults (aged 19–64 y) for 2010

Unadjusted Adjusteda

Medicaid
(n = 

1  629  543)

Commercial
(n = 

32  929  132)
Medicaid Commercial

P value 
(adjusted 

Medicaid vs 
Commercial)

Influenzab 639 
(628–650)

625 (623–627)
586 

(573–598)
633 (631–636) <0.001

Pertussis 1.7 (1.2–2.5) 3.3 (3.1–3.5)
1.8 

(1.1–2.8)
3.2 (3.0–3.4) <0.001

Varicellac 6.6 (5.2–8.3) 8.1 (7.6–8.6)
6.5 

(4.8–8.5)
8.0 (7.5–8.5) 0.12

Herpes zoster

60–64 yd 475 
(423–533)

474 (466–482)
459 

(408–515)
473 (466–481) 0.35

50–64 ye 399 
(374–425)

383 (380–387)
389 

(364–414)
381 (378–385) 0.34

Measles 0.2 (0.1–0.6) 0.3 (0.2–0.3)
0.3 

(0.1–1.0)
0.3 (0.2–0.3) 0.38

Mumps 1.7 (1.2–2.5) 1.5 (1.3–1.6)
2.1 

(1.3–3.3)
1.4 (1.3–1.6) 0.14

Pneumococcal 
disease

61.1 
(57.4–65.0)

22.2 
(21.7–22.7)

98.2 
(91.7–105.1)

21.1 
(20.7–21.6)

<0.001

Meningococcal 
disease

18.1 
(16.1–20.3)

2.1 (2.0–2.3)
26.2 

(22.9–29.8)
2.0 (1.9–2.2) <0.001

Hepatitis A
11.7 

(10.1–13.5)
4.7 (4.4–4.9)

19.8 
(16.9–23.1)

4.5 (4.3–4.7) <0.001

Hepatitis B
52.8 

(49.3–56.5)
18.0 

(17.5–18.4)
88.9 

(82.6–95.6)
17.5 

(17.0–17.9)
<0.001

aFor age and gender, based on the Us. census population in the year 2010 [16] as the standard; 
b2009–2010 influenza season (Medicaid n = 1 943 161; commercial n = 39 146 117); cOnly those aged 
19–39 y (Medicaid n = 1 158 368); commercial n = 13 803 602); d Medicaid n = 62 167; commercial n = 
3 216 303; e Medicaid n = 240 621; commercial n = 11 192 676.
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Limitations and strengths
There are limitations with the use of any claims databases. We 

relied on the use of International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) diagnostic codes 
to identify individuals with the different VPDs and did not have 
access to medical charts or laboratory results to confirm the diag-
noses. Furthermore, although the ICD-9-CM patient diagnostic 
coding system is often used in claims database research, this can 
be problematic because billing personnel may use more global 
and unspecified codes;23,24 and this type of diagnostic informa-
tion may not always be reliable or valid.23 As noted above our 
results differ substantially in some disease states in incidences 
determined by other methodologies, so there are methodological 
issues that need to be considered in interpreting the disparate 
data. To minimize the misidentification of VPDs via ICD-9-CM 
codes, we conducted an extensive search of published literature 
and compiled a list of ICD-9-CM codes used in previous studies 
to identify VPD cases.15,25-32Two clinicians reviewed and final-
ized the list ICD-9-CM codes for the identification of VPD cases 
in this study. In addition, the diagnostic codes do represent the 
claims against the  2 types of health plans for the diagnosis, treat-
ment, and care of VPDs, and therefore provide important infor-
mation on the use of inpatient and outpatient care. However, we 

recognize that this study has not identified all VPDs in the  2 
populations, as individuals would have to seek medical care and/
or treatment for their condition to be counted, and milder cases 
may not be reported; and the utilization of healthcare by these 
different populations may be influenced by the severity of illness. 
Also, some VPD cases may be cared for outside the plan system. 
Furthermore, while we classified the diseases as vaccine prevent-
able, it is recognized that not all the diseases can be avoided and 
vaccines are not universally effective.

To reduce impact the probable miscoding of zoster and vari-
cella on the validity of our findings, we reclassified a subgroup 
of patients (i.e., patients aged ≥40 y, immunocompromised, or 
with post-herpetic neuralgia) initially coded as having varicella 
to cases with herpes zoster; and did not include the cases (14 
in Medicaid and 125 in commercial) that were dual coded with 
both varicella and herpes zoster on the same day in the incidence 
estimation of varicella or herpes zoster. In addition, we did not 
consider the claims with an ICD-9-CM ‘diagnosis’ of a VPD and 
a vaccination code for the same VPD on the same day toward 
a VPD event since the claims were probably related to vaccina-
tion. The reclassifcation of claims may have resulted in an under-
estimation of the true disease burden, but the effect on both 
populations should be similar and the comparison between the 
populations should still be valid.

During the years of the study, measles, mumps, pneumococ-
cal, meningococcal, influenza, hepatitis A, and hepatitis B vac-
cines were only recommended for adults with a risk factor in 
some or all age groups.33-36 As it was not possible to determine 
who had the relevant risk factors, we included all eligible enroll-
ees in the analysis. It is possible that the proportions of people 
with such risk factors were different between the Medicaid and 
commercially insured populations.

Another limitation is that the confounding factors between 
individuals with Medicaid and commercial insurance cannot be 
fully adjusted while comparing the incidence of VPDs. Because 
the selection of insurance type was mainly based on income, 
Medicaid population may differ from commercially-insured 
population in many aspects, such as living conditions, access to 
care, and education level which cannot be assessed in the claims 
data. Also, the length of continuous enrollment in each type of 
insurance may be different. There is also a lack of knowledge of 
vaccination coverage rates in these different populations, mak-
ing the proportions of susceptible patients in the  2 populations 
unknown. Since we only adjusted results for age and gender, 
there are likely other confounding factors that were not taken 
into consideration due to data limitations.

Another clinical issue that remains unclear from this study is 
that the incidence of some diseases in the 2 population is as high  
as 4 to 10 times different. These differences would be unlikely 
in populations living in a similar geographic area and having no 
extreme lifestyle.

Although our study included around 7% of the 24 million 
adults aged 18–64 y covered by Medicaid37 and approximately 
21% of the 132 million commercially insured adults aged 18–64 
y in the US,38 the findings may not be generalizeable to all 
Medicaid enrollees and commercially insured individuals. Also, 

Table 3. Mean unadjusted VPD cases (incidence proportions [per 
100,000]) (95% confidence intervals) for 2006–2010 among Medicaid and 
commercially insured adults aged 19–64 y

Medicaid
(n = 1 658 054)

Commercial
(n = 28 000 862)

Influenzaa 456.1 
(450.9-461.5)

475.0 (473.8-476.2)

Pertussis 1.7 (1.4-2.0) 2.6 (2.5-2.6)

Varicellab c 7.6 (6.9-8.3) 9.6 (9.3-9.8)

Herpes zoster

60–64 yb d 469.2 
(445.9-493.8)

557.8 (553.7-561.9)

50–64 yb e 379.1 
(368.2-390.3)

437.4 (435.5-439.3)

Measles 0.3 (0.2-0.4) 0.3 (0.3-0.4)

Mumps 1.6 (1.3-1.9) 1.9 (1.8-2.0)

Pneumococcal disease 64.0 (62.3-65.8) 28.7 (28.4-28.9)

Meningococcal disease 14.7 (13.9-15.6) 2.2 (2.2-2.3)

Hepatitis A 11.7 (11.0-12.5) 5.7 (5.6-5.8)

Hepatitis B 63.1 (61.4-64.9) 22.2 (21.9-22.4)

aMean of 4 influenza seasons (mean of 5 y for other VPDs); mean Medicaid 
n = 1 841 565; mean commercial n = 32 321 817; bOver the 5 y of the study  a 
total of 14 Medicaid and 125 commercial patients were classified as both 
varicella and herpes zoster on the same date  so were excluded from both 
categories. There were 226 and 5957 cases of varicella in the Medicaid 
and commercially insured populations, respectively, that occurred in 
patients aged ≥40 y and/or with underlying immune suppression/post-
herpetic neuralgia that were reclassified as herpes zoster; cAmong those 
aged 19–39 y only; mean Medicaid n = 1 166 627; mean commercial n = 
11 926 749; dMean Medicaid n = 64 062; mean commercial n = 2 607 432; e 
Mean Medicaid n = 242 261; mean commercial n = 9 284 842.
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we had access to Medicaid data from 12 US states. Each state 
has its own Medicaid eligibility criteria and coverage; there may 
be variations within the Medicaid cohort concerning provider 
access, co-pays, formularies, regional practice patterns, charac-
teristics of the Medicaid population and other factors that vary 
across states and Medicaid plans.23

However, the strength of this study is that it is the first to 
examine VPD incidences in Medicaid and commercially insured 
populations using the same methodology for both populations. 
In addition, we examined data over 5 y in a very large population 
and the incidences of VPDs are based on claims data and can be 
used to estimate the economic burden to the healthcare system.

Conclusions

This study demonstrates sizeable incidences of VPDs in 
Medicaid and commercially insured populations, with higher 
incidence proportions of meningococcal disease, pneumococ-
cal disease, hepatitis B, and hepatitis A in the Medicaid popula-
tion after adjustment for age and gender differences using the 
methodology in this study. If these findings are confirmed the 
information will be useful for public health authorities to formu-
late future public health policies to target specific vaccinations 
among adults who are not vaccinated in the  2 populations.

Materials and Methods

The objective of this study was to estimate VPD incidence 
proportions among Medicaid and commercially insured adults. 
The primary endpoint was the age/gender-adjusted incidences of 

VPDs in the  2 populations; secondary endpoints were the unad-
justed incidences of VPDs overall and in different age/gender 
groups.

Populations
VPD incidences in Medicaid and commercially insured adults 

aged 19–64 y (inclusive) were examined in this cross-sectional 
study using data from the Truven MarketScan® Medicaid and 
commercial databases, which are constructed from paid medi-
cal and prescription drug claims. The Medicaid database rep-
resents 12 states and contains the pooled healthcare experience 
of approximately 13 million enrollees. The commercial database 
represents private sector health data from approximately 100 pay-
ers (i.e., large employers, health plans, and government and pub-
lic organizations) and contains the pooled healthcare experience 
of approximately 126 million enrollees. We identified enrollees 
aged 19–64 y from both databases for the years 2006–2010; for 
the Medicaid population, we excluded those dually eligible for 
Medicare.

All data were de-identified and Health Insurance Portability 
and Accountability Act compliant. As no patient-identifiable 
information was used for this study, no Institutional Review 
Board approval was required.

VPDs
The VPDs studied – influenza, pertussis, varicella, herpes 

zoster, measles, mumps, pneumococcal disease, meningococ-
cal disease, hepatitis A, and hepatitis B—were chosen based on 
the recommendations for adult vaccinations from the Advisory 
Committee for Immunization Practices (ACIP).36 During the 
timeframe encompassed in this analysis, some vaccinations 
(influenza, measles, mumps, pneumococcal, meningococ-
cal, hepatitis A, and hepatitis B) were only recommended for 
adults with risk factors (e.g., medical, occupational, lifestyle) in 

Table 4. Mean VPD incidence proportions (per 100 000) over the 5 y (4 influenza seasons) by age range and gender for Medicaid patients

19–34 y 35–44 ya 45–54 yb 55–64 yc

Male
 (n = 203 880)

Female 
(n = 794 288)

Male 
(n = 82 298)

Female
 (n = 219 918)

Male 
(n = 83 608)

Female 
(n = 129 885)

Male
(n = 59 830)

Female 
(n = 84 348)

Influenzad 371 389 272 450 270 521 272 471

Pertussis 1.1 1.5 0.0 2.3 1.6 3.1 1.3 3.5

Varicella 8.2 7.5 3.9 7.7 – – – –

Herpes zoster – – – – 228 432 332 558

Measles 0.2 0.1 0.8 0.3 0.2 0.6 1.1 0.7

Mumps 1.7 0.9 1.8 1.3 3.0 3.3 3.4 2.2

Pneumococcal
disease

37.0 19.5 74.0 62.1 148 147 226 221

Meningococcal
disease

11.1 7.8 18.7 13.4 27.2 28.7 39.4 42.6

Hepatitis A 5.9 3.4 17.6 9.8 38.8 30.3 43.9 27.2

Hepatitis B 30.1 20.2 117 62.7 220 148 207 116

aAge 35–39 y for varicella (mean 40 840 males; 127 620 females); bAge 50–59 y for herpes zoster (mean 74 799 males; 103 400 females); cAge 60–64 y for 
herpes zoster (mean 25 650 males; 38 412 females);dMean patients numbers are 247 940, 865 391, 87 708, 239 742, 92 445, 145 483, 67 584, 95 274, respec-
tively. 1We calculated incidences among those aged 15–64 y from published cases and incidences among those aged 15–24, 25–39, and 40–64 y. There 
may therefore be some inaccuracies, especially for diseases with low numbers of cases.
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some or all age groups,33-36 but since these factors could not be 
determined from the databases, we analyzed data of all eligible 
adults.

Each case of a VPD was identified in the database using ICD-
9-CM diagnosis codes (Table S1). The primary and first second-
ary diagnosis codes were used to identify VPDs. Claims with an 
ICD-9-CM “diagnosis” of a VPD on the same day as a Current 
Procedural Terminology vaccination code for the same VPD 
were not counted as a VPD event since such claims were possibly 
related to vaccination rather than true VPD cases. Claims with 
an ICD-9-CM “diagnosis” of a VPD and a laboratory code with-
out subsequent claims for confirmation of diagnosis or clinical 
treatment were not counted as VPD cases either.

Patients were eligible to be in the numerator (i.e., have a VPD 
event) if they had 1 y of continuous coverage prior to their diag-
nosis, to ensure that it was an incident occurrence of the condi-
tion. Patients were eligible to be in the denominator if they had 1 
mo of coverage during the study year.

Herpes zoster immunization is licensed for use among 
those aged ≥50 y, but only recommended for those aged ≥60 y. 
Therefore, we analyzed incidences among those aged 50–64 and 
60–64 y, respectively. Due to the possibility of miscoding for 
diagnoses of varicella and herpes zoster,39 patients aged ≥40 y 
with a diagnosis of varicella were reassigned to herpes zoster, as 
were younger people who were immunocompromised (human 
immunodeficiency virus, cancer, organ transplant recipient, 
rheumatoid arthritis, inflammatory bowel disease, lupus, multi-
ple sclerosis, or psoriasis) or had post-herpetic neuralgia. Patients 
aged ≥50 y who were reassigned to herpes zoster were included 
in the respective age group analyses. Patients aged <40 y without 
immune compromise or post-herpetic neuralgia kept their origi-
nal diagnosis code. If a patient was coded for both varicella and 
zoster (on different dates), only the earliest VPD was included 

(using the algorithm listed above). If a patient was coded for both 
varicella and zoster on the same date, they were not included in 
the numerator for the incidence estimation or both diseases.

Statistical analysis
For all VPDs (except influenza), cases were identified from 

the first occurrence of the disease for a patient; and VPD inci-
dences were calculated by dividing the number of patients 
with the disease by the eligible population and multiplying by 
100 000 to produce yearly incidences per 100 000. The inci-
dences for influenza are reported for each influenza season, 
which was taken to be from July 1 to June 30, as influenza 
strains vary by year and patients may develop influenza in sepa-
rate years. Only one influenza event was counted per patient for 
each influenza season.

To make the results more comparable between the Medicaid 
and commercially insured populations, we calculated age/
gender-adjusted incidences estimates using the US Census pop-
ulation in the year 201011 as the standard. This was done by 
dividing the Medicaid and commercially insured populations 
into 8 groups (males and females aged 19–34, 35–44, 45–54, 
and 55–64 y) and extrapolating the VPD incidences to the 
numbers of people in these groups from the 2010 US census.11

Ninety-five percent confidence intervals (95% CIs) for 
unadjusted incidences were calculated using a standard method 
for proportions.40 Due to the small number of cases of stud-
ied VPDs, 95% CIs of age/gender-adjusted incidences were 
calculated using a method based on the gamma distribution,41 
except for 95% CIs for the incidence of influenza, which were 
calculated using a method based on the normal distribution42 
since the number of cases was large and the variance was 
small. The incidences in the  2 insured populations were com-
pared using two-sided tests and P values were calculated using 
methods described in Rothman and Greenland.43 A difference 

Table 5. Mean VPD incidence proportions (per 100 000) over the 5 y (4 influenza seasons) by age range and gender for commercially insured patients

19–34 y 35–44 ya 45–54 yb 55–64 yc

M 
(n = 4 242 847)

F 
(n = 4 585 273)

M
(n = 3 043 509)

F 
(n = 3 305 434)

M
(n = 3 321 848)

F
(n = 3 716 891)

M
(n = 2 741 259)

F
 (n = 3 043 802)

Influenzad 431 551 481 571 397 493 300 386

Pertussis 1.2 2.4 1.9 3.9 1.8 3.3 2.1 3.7

Varicella 7.7 10.7 9.8 11.5 ‒ ‒ ‒ ‒

Herpes zoster ‒ ‒ ‒ ‒ 289 478 446 661

Measles 0.2 0.5 0.2 0.5 0.2 0.4 0.2 0.3

Mumps 1.3 1.5 1.7 2 2 2.5 2.3 2.7

Pneumococcal 10.9 11.2 21 22.5 31.8 33.2 58.1 58.8

Meningococcal 1.2 1.5 1.4 1.8 2 2.7 3.9 4

Hepatitis A 2.9 2.8 4.6 4.2 7.6 7.3 10.3 8.5

Hepatitis B 11.6 13.8 26.1 21.6 32.7 22.6 35.3 22.9

aAge 35–39 y for varicella (mean 1 488 018 males; 1 610 611 females); bAge 50–59 y for herpes zoster (mean 3 140 559 males; 3 536 852 females); cAge 60–64 
y for herpes zoster (mean 1 247 897 males; 1 359 534 females); dMean patients numbers are 4 897 250, 5 282 462, 3 470 825, 3 772 685, 3 831 642, 4 281 293, 
3 210 947, 3 574 713, respectively.
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with a P value ≤ 0.05 was considered statistically significant. 
Assumptions of statistical methods were validated prior to 
applying the methods to the VPD incidences.
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Figure 1. Unadjusted VPD incidence proportions for the Medicaid (solid 
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the different y-axis scales for (A) and (B).
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