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BACKGROUND

* Invasive meningococcal disease (IMD) is a contagious infection caused
by the Neisseria meningitidis bacteria, which causes swelling of
neurologic (e.g., brain, spinal cord) membranes.

— IMD has a case fatality rate of 10%-15%.!

* Increasing attention has been given to gaining a fuller understanding of
the scope of the economic burden associated with IMD.

— Although published data appear to indicate that the burden of IMD is
substantial, there are limited data on the magnitude of the burden in
specific care settings (e.g., inpatient).

— Accordingly, we assessed trends in IMD-related hospitalization and
aspects of inpatient care (e.g., total charges for an IMD-related
hospitalization, patient-level characteristics) in the United States (US).

— Such information may help decision makers develop sound strategies for
addressing this public health concern.

OBJECTIVE

* This study sought to document recent trends in IMD-related
hospitalizations in the US.

METHODS

Study Design

* Retrospective database analysis

Data Source
» Discharge data are from the 2004 through 2013 Healthcare Cost &
Utilization Project (HCUP) Nationwide Inpatient Sample (NIS).

* The NIS, the largest inpatient care database in the US, is the only
national inpatient database with charge information on all patients,
regardless of payer.

* The NIS includes many clinical and non-clinical variables for each
inpatient stay, including patient demographics, diagnosis codes, length
of stay, total charges, admission and discharge status, payer, and
hospital-specific characteristics.

* Sampling weights allow for generating nationally representative estimates.

Inclusion Criterion
* A primary diagnosis of IMD (ICD-9-CM codes 036.0x, 036.1x, or 036.9x)

Study Measures and Analytic Methods

* Weighted, descriptive analyses were carried out using the SAS
(Version 9.4) statistical software package.

* For each of the 10 years assessed, the following measures were
evaluated:
— Weighted estimates of the rate of IMD-related hospitalizations

— Per-discharge total charges and length of stay (LOS) for IMD-related
hospitalizations

— Patient- and hospital-level characteristics (e.g., demographics, mortality,
hospital region)

Table 1.

RESULTS

Rates of IMD-Related Hospitalization (Figure 1)

* Across all age groups, the rate of IMD-related hospitalizations
decreased substantially between 2004 and 2013, from 3.2/1,000,000
US population in 2004 to 0.7/1,000,000 in 2013:

— 3.2/1,000,000 US population in 2004
— 2.9/1,000,000 US population in 2005
— 2.0/1,000,000 US population in 2006
— 2.3/1,000,000 US population in 2007
— 2.0/1,000,000 US population in 2008
— 1.6/1,000,000 US population in 2009
— 1.2/1,000,000 US population in 2010

— 1.2/1,000,000 US population in 201

— 0.9/1,000,000 US population in 2012
— 0.7/1,000,000 US population in 2013

Characteristics of IMD-Related Hospitalizations (Table 1)
* In general, most patients were white, with a similar distribution of males
and females.

* In 2004 and 2005, more than 50% of all IMD-related hospitalizations
were among patients < 18 years of age, with the proportion in this group
falling over time, reaching 27% in 2013.

* Private insurance was the most frequently observed primary payer
across all study years.

* In-hospital mortality ranged from 10.6% of all IMD-related
hospitalizations in 2006 to 23.7% in 2013.

Figure 1. Rate of IMD-Related Hospitalization in the US,
2004-2013 per 1,000,000 2015 Population
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LOS and Total Charge (Figures 2 and 3)

* The mean LOS across all IMD-related hospitalizations increased by > 2
full days, from 7.2 days in 2004 to 9.5 days in 2013, an increase of 32%.

* Among all IMD-related hospitalizations, the mean total charge (in 2015
US dollars) increased by more than 148%, from $46,453 in 2004 to
$115,427 in 2015.

The Distribution of Key Characteristics Among IMD-Related Hospitalizations in the US by Year

Total (n, %) 915 |100.0 | 817 | 100.0 | 565 | 100.0 | 669 | 100.0 | 572 | 100.0 | 475 | 100.0 | 372 | 100.0 | 372 |100.0 | 285 | 100.0 | 220 | 100.0
Sex (n, %)
Male 442 | 483 | 458 | 56.0 | 271 | 48.0 | 355 | 53.0 | 244 | 427 | 242 | 509 | 195 | 525 | 21 | 567 | 130 | 456 | 15 | 52.3
Female 445 | 486 | 360 | 440 | 281 | 497 | 300 | 449 | 318 | 556 | 229 | 482 | 172 | 463 | 161 | 433 | 155 | 544 | 105 | 477
Unknown/missing sex 29 31 0 0.0 13 2.4 14 21 10 17 4 0.9 4 1.2 0 0.0 0 0.0 0 0.0
Age (n, %)
<18 501 | 548 | 448 | 549 | 219 | 387 | 244 | 364 | 232 | 406 | 14 | 240 | M8 | 318 | 128 | 343 | 90 | 316 | 60 | 273
18-29 155 | 169 | 128 | 156 | 138 | 244 | 169 | 253 | 151 | 265 | 103 | 217 | 67 | 180 | 79 | 212 | 45 | 158 | 60 | 273
30-39 53 | 58 | 75 | 92 | 56 | 100 | 14 20 | 68 | 19 M 85 | 26 | 70 33 | 89 | 20 | 70 10 46
40-49 61 66 | 48 | 59 | 35 61 56 | 83 | 39 | 68 | 58 | 123 | 42 | 112 | 34 | 90 | 40 | 140 | 35 | 159
50-59 42 | 45 | 58 71 59 | 105 | 109 | 163 | 20 | 35 | 64 | 134 | 4 111 33 | 89 | 35 | 123 | 10 46
<60 100 | 109 | 60 | 73 54 | 95 | 69 | 103 | 61 | 107 | 92 | 193 | 78 | 210 | 65 | 175 | 55 | 193 | 45 | 205
Unknown/missing age 4 0.5 0 0.0 5 0.8 9 1.4 0 0.0 4 0.9 0 0.0 0 0.0 0 0.0 0 0.0
Race/ethnicity (n, %)
White 405 | 442 | 304 | 372 | 222 | 393 | 270 | 404 | 281 | 492 | 291 | 612 | 244 | 656 | 216 | 579 | 145 | 509 | 140 | 63.6
Black 50 | 54 | 8 | 105 | 38 67 | 52 78 77 | 124 | 54 | M4 | 35 | 95 | 32 | 86 | 35 | 123 | 25 | 14
Hispanic 140 | 154 | 89 | 109 | 86 | 152 | 67 | 100 | 63 | 110 | 45 | 94 | 30 | 80 | 45 | 121 | 55 | 193 | 40 | 182
gtchge/t”h”nkig‘t’;’v”/ missINg | 350 | 350 | 338 | 414 | 219 | 388 | 280 | 417 | 157 | 274 | 85 | 180 | 63 | 169 | 79 | 214 | 50 | 175 | 15 6.8
Hospital region (n, %)
Northeast 54 | 168 | 138 | 169 | 87 | 155 | 78 | M7 | 88 | 154 | 72 | 152 | 48 | 128 | 74 | 200 | 10 3.5 5 2.3
Midwest 240 | 262 | 137 | 168 | 126 | 223 | 140 | 209 | 148 | 260 | 106 | 223 | 89 | 239 | 94 | 252 | 40 | 140 | 40 | 182
South 204 | 321 | 271 | 332 | 168 | 297 | 243 | 363 | 196 | 343 | 163 | 344 | 124 | 334 | 129 | 346 | 40 | 140 | 25 | 14
West 228 | 249 | 271 | 331 | 184 | 325 | 208 | 311 | 139 | 243 | 134 | 282 | M | 298 | 75 | 203 | O 0.0 10 46
Unknown/missin
hospital region 9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 | 195 | 684 | 140 | 63.6
Primary payer (n, %)
Medicare 71 78 54 | 66 | 34 | 60 | 49 74 | 60 | 105 | 83 | 174 | 59 | 159 0 00 | 55 | 193 | 35 | 159
Medicaid 328 | 358 | 277 | 339 | 159 | 281 | 162 | 242 | 152 | 265 | 138 | 290 | 109 | 294 | 13 34 | 85 | 298 | 55 | 250
Private insurance 424 | 464 | 382 | 467 | 277 | 49.0 | 355 | 531 | 269 | 470 | 183 | 386 | 142 | 382 | 5 13 | 105 | 368 | 85 | 386
grtit‘negﬁ;’;'g;"e"r"”/ missing |92 | 101 | 104 | 128 | 95 | 170 | 103 | 154 | 91 | 60 | 71 | 150 | 62 | 165 | 354 | 953 | 40 | 140 | 45 | 205
| 130 | 143 115 141 60 106 | 79 | 118 95 | 167 | 64 | 135 47 127 | 55 148 35 | 128 | 50 | 237
hospitalization? (n, %)

The power of knowledge.
The value of understanding.

Figure 2. Mean LOS of IMD-Related Hospitalizations in the US,
2004-2013
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Figure 3. Mean Charge (in 2015 Dollars) per IMD-Related
Hospitalization in the US, 2004-2013
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CONCLUSIONS

IMD-related hospitalization rates in the US declined precipitously during
the study period (overall, =78%), but the total charge burden per stay
increased substantially during this same period (+148%), with LOS
increasing substantially as well (+32%).

— Uptake of meningococcal vaccination during the study period, particularly
among adolescents, likely contributed to the decrease in IMD incidence
over time.

— While per-stay charges have increased over time, the reduction in the
number of hospitalizations during the study period has resulted in total
IMD-related inpatient charges decreasing by ~37%, from $39.6 million in
2004 to $24.8 million in 2013.

Generally, in-hospital mortality rates were consistent with published
estimates,' but there was a noticeable increase in 2013.

Further research is warranted to better understand factors that may
influence the observed growth in rates of IMD-related hospitalization in
the US, as well as the substantial increase in the direct economic
burden of inpatient stays for these events.

— Such research may help in planning optimal resource allocation both in
inpatient settings and across the entire continuum of care.

LIMITATIONS

Patient discharges were identified based upon diagnosis codes that, if
recorded inaccurately, may cause misidentification of IMD.

Due to changes in data collection procedures during the study period,
some measures were not consistently reported (e.g., hospital region,
primary payer), resulting in inflated counts of unknown/missing data.
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