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International Classification of Diseases diagnostic codes are
used to estimate acute gastroenteritis (AGE) disease burden.
We validated AGE-related codes in pediatric and adult popu-
lations using 2 multiregional active surveillance platforms. The
sensitivity of AGE codes was similar (54% and 58%) in both
populations and increased with addition of vomiting-specific
codes.
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Population-based studies estimate that approximately 179
million cases of acute gastroenteritis (AGE) occur each year
in the United States, resulting in approximately 600 000 hos-
pitalizations and 5000-11 000 deaths [1-3]. These estimates
of the numbers of hospitalizations and deaths are based on
International Classification of Diseases, Clinical Modification
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(ICD-CM), codes from AGE-associated medical encounters
and death certificates. ICD-CM codes have also been used to
estimate AGE-associated medical encounters and deaths due to
specific AGE-causing pathogens, such as norovirus and rota-
virus [1, 3-9].

Previous studies estimating AGE burden have used a similar set
of AGE-related ICD-CM codes [1, 3, 5]. This AGE code set did not
include ICD-CM codes for isolated vomiting. To guide improved
disease-burden estimates, we assessed both the validity of previ-
ously used AGE ICD-CM codes, and the validity of those same
codes with the addition of vomiting-specific AGE ICD-CM codes,
using 2 different multiregional AGE active surveillance platforms.

METHODS

Study Populations

The New Vaccine Surveillance Network (NVSN) included 7
participating pediatric hospitals: The Children’s Mercy Hospital
(Kansas City, Missouri), University of California at San
Francisco Benioff Children’s Hospital (Oakland, California),
Texas Children’s Hospital (Houston, Texas), Seattle Children’s
Hospital (Seattle, Washington), Cincinnati Children’s Hospital
Medical Center (Cincinnati, Ohio), Vanderbilt University
Medical Center (Nashville, Tennessee), and the University
of Rochester Medical Center (Rochester, New York) and was
described previously [10, 11]. An AGE case was defined as a
patient younger than 5 years old enrolled in the hospital or
emergency department (ED) with 3 or more episodes of loose
stool or 1 or more episode of vomiting within a 24-hour pe-
riod, per caregiver report. Cases with AGE enrolled from 1
December 2011 to 30 June 2016 were included.

The Surveillance Platform for Enteric and Respiratory
Infectious Organisms in the Veterans Affairs (VA) popula-
tion (SUPERNOVA) included 5 participating sites: Atlanta VA
Medical Center (Atlanta, Georgia), James J. Peters VA Medical
Center (Bronx, New York), VA Greater Los Angeles Health
System (Los Angeles, California), the Michael E. DeBakey VA
Medical Center (Houston, Texas), and the VA Palo Alto Health
Care System (Palo Alto, California) and was described previ-
ously [12-14]. Due to the time frame of the study, the fifth site
was not included in our analyses. An AGE case was defined
as a patient aged 18 years or older enrolled in the hospital or
ED with 3 or more episodes of diarrhea, 2 or more episodes of
vomiting, or 1 or more episode of both diarrhea and vomiting
in a 24-hour period. Patients with AGE hospitalized from 1
December 2016 to 28 March 2018, or admitted to the ED only
(single site) from 1 December 2016 to 30 September 2017, were
included. Age- and time-matched hospitalized veteran controls
without AGE were also enrolled.
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Data Collection and ICD-CM Codes

ICD-CM codes and demographic and clinical data were
obtained for all study participants. We abstracted the first 10
ICD-CM codes from NVSN encounters and the first 25 ICD-CM
codes from SUPERNOVA encounters. The AGE ICD-CM code
set included ICD-CM codes classified as cause-unspecified or
cause-specified AGE using a previously described set of ICD,
revision 9 (ICD-9), and ICD, revision 10 (ICD-10), codes [1, 3,
4]. The revised AGE ICD-CM code set included vomiting codes
in addition to the previously described AGE ICD-CM code set
(Supplementary Table S1)

Statistical Analyses
The sensitivity of AGE codes among cases with AGE and, in
SUPERNOVA, their specificity among controls without AGE
were calculated with exact (Clopper-Pearson) 95% confidence
intervals (Cls). Multivariable logistic regression analyses were
conducted to identify predictors of accurate AGE coding. Ana
priori decision was made to include sex, race, and ethnicity in
all models. Site, healthcare setting, presence of vomiting alone
(no diarrhea) during illness, presence of severe AGE (defined
as modified Vesikari score 211, NVSN only [15]), and the
presence of immunosuppression (SUPERNOVA only) were
examined for model inclusion. Final models were obtained
using backward selection (criteria for removal = P > .05).
Statistical analyses were conducted using SAS version 9.4
(SAS Institute, Inc).

Institutional review board approvals were obtained from
the Centers for Disease Control and Prevention and from each
study site.

RESULTS

New Vaccine Surveillance Network

ICD-CM codes were collected from 13 916 enrolled children
(Table 1). Of these children, 46% were female, and the median
age was 18 months. The majority of children were enrolled
in the ED (80%) and 30% presented with vomiting only (no
diarrhea).

The sensitivity of the AGE code set was 54% (7572 of
13 916; 95% CI, 54-55%) but varied considerably across sites
(32-72%) (Table 2). When the AGE with vomiting code set
was used, the sensitivity of all-cause AGE codes was 75%
(10 484 of 13 916; 95% CI, 75-76%). Sensitivity estimates
were higher in the inpatient as compared with the ED set-
ting (59% vs 53%, respectively; chi-square test, P < .0001).
Of the encounters with an AGE ICD code present, the most
common type of AGE codes was unspecified AGE (95%)
(Supplementary Table S2).

In regression analyses, clinical presentation with vomiting
alone during illness significantly decreased the likelihood of
receiving an AGE code (adjusted odds ratio [aOR], 0.08; 95%

CI, 0.07-0.09). An ED setting also independently decreased
the likelihood that an AGE code would be present upon dis-
charge (aOR, 0.81; 95% CI, 0.73-0.90) (Table 1, Supplementary
Table S3).

SUPERNOVA

ICD-CM codes were collected from 777 enrolled adult veterans
(635 cases with AGE and 142 controls) (Supplementary Table
S4). Among adults enrolled as cases, 8% were female and the
median age was 63 years. Only 1 site enrolled in the ED set-
ting, accounting for 10% of all enrolled veterans included in the
study. Eight percent presented with vomiting only (no diarrhea)
during AGE illness.

The sensitivity of the AGE code set was 58% (368 of 635; 95%
CI, 54-62%), ranging across sites from 41% to 69%, with a spec-
ificity of 100% (142 of 142). Of the encounters with an AGE
ICD code present, the most common type of AGE codes were
unspecified AGE (58%). Sensitivity and specificity estimates
were similar when using the AGE with vomiting code set (61%
[95% CI, 57-65%] and 100% [95% CI, 96-100%]). For the site
that enrolled ED patients, sensitivity estimates were higher in
the ED setting as compared with the inpatient setting (75.4% vs
56.1%, respectively; chi-square test, P = .005.)

In regression analyses, clinical presentation with vomiting
only independently decreased the likelihood that an AGE
code would be present upon discharge (aOR, 0.21; 95% CI,
0.10-0.42), and ED setting increased the likelihood that an
AGE code would be present upon discharge (aOR, 2.24; 95%
CL 1.16-4.32).

DISCUSSION

Based on these 2 regionally diverse active surveillance plat-
forms, AGE codes were relatively insensitive in identifying
children or adults with AGE; our analyses estimate a sensi-
tivity of 54% in the pediatric population and 58% in the adult
population. The AGE codes were extremely specific in the
adult population (100%). These findings suggest that US AGE
disease-burden estimates that rely on ICD-CM codes to identify
cases with AGE likely underestimate the true number of cases
with AGE in both the pediatric and adult populations and are
consistent with previous studies validating cause-specific AGE
ICD-CM codes [9, 16].

In the pediatric population, the addition of the vomiting
unspecified ICD-CM code to the AGE code set improved its
sensitivity (sensitivity estimate increased from 54% to 75%),
indicating that using the AGE with vomiting code set to identify
children hospitalized with AGE would capture more cases with
AGE. This was not surprising, as the case definition for AGE
included 1 or more vomiting episodes, and 30% of children pre-
sented with vomiting only. Because the NVSN cohort in this
analysis did not include controls, and thus specificity could not
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Table 1.
Surveillance Platform

Characteristics of Patients With Acute Gastroenteritis (AGE) and Associations With Accurate AGE Coding and Sensitivity Estimates, by

Demographics

NVSN (N = 13 916°%)

SUPERNOVA (N = 6357

With AGE Code
(n =7572), n (%)

Without AGE Code
(n = 6344), n (%)

With AGE Code

aOR” (95% CI)  (n =368), n (%)

Without AGE Code
(n=267), n (%)

aOR°® (95% Cl)

Male 4166 (55.0) 3325 (562.4) 340 (92.4) 243 (91.0)
Female 3406 (45.0) 3019 (47.6) 28 (7.6) 24(9.0)
Median age® (25th IQR, 756th IQR) 18 (9, 31) 18 (9, 33) 1.01 (1.01, 1.02) 63 (53, 70) 64 (55, 71)
Ethnicity n = 7563 n = 6337 n =367 n =267
Non-Hispanic 4468 (59.1) 4299 (67.8) 324 (88.3) 221 (82.8)
Hispanic 3095 (40.9) 2038 (32.2) 43 (11.7) 46 (17.2)
Race n = 6374 n = 5935 n = 358 n =257
White 3148 (46.8) 2606 (43.9) 182 (50.8) 119 (46.3)
Black 2474 (36.7) 2381 (40.1) 163 (45.5) 126 (49.0)
Asian/NH/PI 183 (2.7) 121 (2.0) 2(0.6) 1(0.4)
Al/AN 14(0.2) 11(0.2) 1(0.3) 1(0.4)
Other 915 (13.6) 816 (13.8) 10 (2.8) 10 (3.9)
Setting
Inpatient 1692 (22.4) 1162 (18.3 Ref 322 (875) 252 (94.4) Ref
ED 5880 (77.7) 5182 (81.7) 0.81(0.73, 0.90) 46 (12.5) 15 (5.6) 2.24 (1.16, 4.32)
AGE symptoms documented n=7564 n=6324
Diarrhea with or without vomiting Ref 357 (97.0) 228 (86.0) Ref
Vomiting alone 763 (10.1) 3408 (53.9) 0.08 (0.07, 0.09) 11 (3.0 37 (14.0) 0.21(0.10, 0.42)
Immunocompromising condition NA NA 85 (23.1) 53(19.9)
present®
Severe AGE' n=6621 n = 5658 NA NA
Yes 3508 (53.0) 1796 (31.8) NA NA
Site?
1 1020 (13.5) 1389 (21.9) Ref 72 (19.6) 32 (12.0) Ref
2 360 (4.8) 754 (11.9) 0.58 (0.48, 0.69) 26 (7.1) 38(14.2) 0.30 (0.15, 0.61)
8 1190 (15.7) 1309 (20.6) 1.31 (1.14, 1.51) 221 (60.1) 129 (48.3) 0.68(0.41, 1.12)
4 331 (4.4) 220 (3.5) 2.37 (1.85, 3.00) 49 (13.3) 68 (25.5) 0.35 (0.20, 0.63)
5 1855 (24.5) 943 (14.9) 2.75 (2.40, 3.15)
6 1564 (20.7) 1247 (19.7) 1.88 (1.63, 2.17)
7 1252 (16.5) 482 (7.6) 4.08 (3.36, 5.00)
Surveillance year”
2011 1225 (16.2) 1105 (17.4) Ref NA NA
2012 1803 (23.8) 1437 (22.7) 1.05 (0.91, 1.20) NA NA
2013 1822 (24.1) 1496 (23.6) 1.27 (1.10, 1.45) NA NA
2014 1916 (25.3) 1471 (23.2) 1.26 (1.09, 1.44) NA NA
2015 (incomplete) 806 (10.6) 835 (13.2) 1.11 (0.94, 1.30) NA NA
2016 NA NA 306 (83.2) 259 (63.3)
2017 (incomplete) NA NA 62 (16.9) 150 (36.7)

All crude ORs and yearspecific aORs are provided in Supplementary Table 4.

Abbrevations: AGE, acute gastroenteritis; Al/AN, American Indian/Alaska Native; aOR, adjusted odds ratio; Cl, confidence interval; ED, emergency department; IQR, interquartile range; NA,
not applicable; NH/PI, Native Hawaiian/Pacific Islander; NVSN, New Vaccine Surveillance Network; Ref, reference; SUPERNOVA, Surveillance Platform for Enteric and Respiratory Infections
in the Veterans Affairs Population.

“Unless otherwise specified.

°NVSN model adjusted for age, sex, race, ethnicity, year, site, healthcare setting (inpatient vs ED visit), presence of vomiting without diarrhea, and severe AGE.
°SUPERNOVA model adjusted for age, sex, race, ethnicity, site, healthcare setting, and presence of vomiting without diarrhea.

9Age in months for NVSN and age in years for SUPERNOVA.

*Immunocompromising condition present defined as organ transplant, cancer, HIV, and immunosuppressive therapy

'Severe AGE defined as modified Vesikari score >11 [15].

9Four SUPERNOVA sites were included in the study: Atlanta VA Medical Center, James J. Peters VA Medical Center, VA Greater Los Angeles Health System (Los Angeles, California), and
the Michael E. DeBakey VA Medical Center (Houston, Texas).

"Surveillance year is 1 December-30 November for NVSN and 1 December-30 September for SUPERNOVA.
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Table 2. Sensitivity Estimates of Acute Gastroenteritis ICD-CM Coding

NVSN, n/N (%; 95% Cl)

SUPERNOVA, n/N (%; 95% CI)

ICD code grouping

All-cause AGE

All-cause AGE with vomiting®
Setting

Inpatient

ED
Site

o oA W N -

7

7572/13 916 (54.4; 53.6, 55.2)
10 484/13 916 (75.3; 74.6, 76.1)

1692/2854 (59.3; 575, 61.1)
5880/11 062 (563.2; 52.2, 54.1)

1020/2409 (42.3; 40.4, 44.3)
360/1114 (32.3; 29.6, 35.2)

1190/2499 (47.6; 45.6, 49.6)
331/551 (60.1; 55.8, 64.2)

1855/2798 (66.3; 64.5, 68.0)
1664/2811 (55.6; 53.8, 57.5)
1252/1734 (72.2; 70.0, 74.3)

368/635 (58.0; 54.0, 61.8)
386/635 (60.8; 56.9, 64.6)

322/574 (56.1; 51.9, 60.2)
46/61 (75.4; 62.7, 85.5)

72/104 (69.2; 69.4, 77.9)
26/64 (40.6; 28.5, 53.6)
221/350 (63.1; 57.9, 68.2)
49/117 (41.9; 32.8, 51.4)

Abbrevations: AGE, acute gastroenteritis; ED, emergency department; ICD-CM, International Classification of Diseases, Clinical Modification; NVSN, New Vaccine Surveillance Network;

SUPERNOVA, Surveillance Platform for Enteric and Respiratory Infections in the Veterans Affairs Population.

®Revised all-cause AGE includes vomiting-specific codes.

be calculated, it is unclear how often AGE codes are inappropri-
ately assigned to pediatric patients without AGE.

Among adult veterans, the addition of the vomiting unspecified
ICD-CM code to the AGE code set did not improve its sensitivity;
however, this is likely due to the low proportion of adults hospital-
ized with vomiting alone (8%) and the more stringent AGE case
definition. In adjusted analyses, the presence of vomiting alone
decreased the likelihood of AGE coding by 83%.

Our study is subject to a number of limitations. Enrolled
subjects were seen in either the network facilities’ ED or hos-
pital; the validity of AGE codes in the primary care setting and
from death certificates was not examined. Furthermore, in the
pediatric population, up to 10 ICD-CM codes were abstracted,
but AGE codes may have been missed if present after the 10th
code. However, only 1.3% (179 of 13 916) of pediatric subjects
had 10 ICD-CM codes associated with their medical encounter;
hence, the extraction of additional ICD-CM codes beyond the
first 10 would minimally impact these findings. Finally, our
adult population was from a VA network, which may not be
generalizable to other adult populations [14] and the number
of control subjects included to evaluate specificity of the AGE
codes was small. Future studies should additionally assess the
validity of AGE codes in adult nonveteran populations and the
specificity of these codes in pediatric and adult population-
based samples.

Conclusions

Across 2 multiregional AGE active surveillance platforms,
one enrolling children and one enrolling adults, the estimated
sensitivity of all-cause AGE codes was low. This suggests that
current national estimates for AGE disease burden may be
underestimating the true burden of AGE pathogens in the
United States and emphasizes the importance of active, pro-
spective surveillance. The presence of vomiting alone decreased

the likelihood of identifying a cases with AGE in both the pe-
diatric and adult populations. These findings should be con-
sidered when using AGE codes to estimate AGE disease burden
and explored further.
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