
The New York State Department of Health (NYS-
DOH) collected information about hospitalized patients with 
Guillain-Barré syndrome (GBS) during October 2009–May 
2010, statewide (excluding New York City), to examine a 
possible relationship with influenza A(H1N1)pdm09 vacci-
nation. NYSDOH established a Clinical Network of neurolo-
gists and 150 hospital neurology units. Hospital discharge 
data from the Statewide Planning and Research Coopera-
tive System (SPARCS) were used to evaluate complete-
ness of reporting from the Clinical Network. A total of 140 
confirmed or probable GBS cases were identified: 81 (58%) 
from both systems, 10 (7%) from Clinical Network only, and 
49 (35%) from SPARCS-only. Capture–recapture methods 
estimated that 6 cases might have been missed by both 
systems. Clinical Network median reporting time was 12 
days versus 131 days for SPARCS. In public health emer-
gencies in New York State, a Clinical Network may provide 
timely data, but in our study such data were less complete 
than traditional hospital discharge data.

In the fall of 1976, the outbreak of a swine-origin in-
fluenza virus prompted a mass vaccination campaign in 

the United States. Although an influenza epidemic did not 
occur, epidemiologic investigations demonstrated a small 
but significant risk for Guillain-Barré syndrome (GBS) 
among adult vaccine recipients within 6 weeks after vac-
cination (1–4). Some studies found that a relatively small 
risk extended slightly beyond the 6 weeks after vaccina-
tion (1,2). The estimated attributable risk for GBS after 

swine influenza vaccination was slightly less than 1 case 
per 100,000 persons vaccinated (1,3,4). Because of this 
association, GBS surveillance was established for the 3 
subsequent influenza seasons; however, no increased risk 
for GBS was identified after influenza vaccination (5,6). 
The underlying reason for the association with the 1976 
vaccination remains unknown.

In April 2009, influenza A(H1N1)pdm09 virus was 
first identified (7–9). Its emergence and rapid global spread 
prompted swift development of a new vaccine. The previ-
ous association of GBS with the 1976 vaccine raised con-
cerns about the potential for a similar association with the 
new A(H1N1)pdm09 monovalent vaccines.

In June 2009, the Centers for Disease Control and 
Prevention (CDC) engaged the 10 CDC-funded Emerg-
ing Infection Program (EIP) sites (10,11), including New 
York State (NYS), to rapidly collect and report informa-
tion about hospitalized persons with GBS during October 
1, 2009–May 31, 2010, to examine a possible relationship 
with A(H1N1)pdm09 vaccines. Some participating sites 
had the capability to collect hospital discharge data in real 
time and used this method as a primary reporting source. 
However, NYS has inherently long delays in hospital dis-
charge data reporting, so to conduct real-time surveillance, 
NYS established a network of practicing neurologists as 
primary reporters. Hospital discharge data were used to 
supplement and retrospectively evaluate the completeness 
of the active physician-based reporting system.

Results of the overall national EIP GBS surveillance 
system during the A(H1N1)pdm09 vaccination campaign, 
which includes NYS data from hospital discharge data and 
the physician-based reporting system, have been described 
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(10,11). Because of the rarity of GBS and the small ex-
cess risk identified by multistate efforts associated with 
A(H1N1)pdm09 vaccines (10,11), the NYS Department 
of Health’s (NYSDOH) EIP did not attempt to study the 
association between vaccination and GBS. Presented here 
is a comprehensive evaluation of the NYSDOH EIP’s use 
of a neurologist-based reporting surveillance system. Cap-
ture–recapture was used to compare hospital discharge data 
with neurologist reports to evaluate the completeness of the 
overall NYSDOH surveillance system.

Materials and Methods

Data Sources
NYSDOH conducted surveillance for hospitalized 

persons with GBS who were admitted during October 1, 
2009–May 31, 2010, among NYS residents, excluding 
New York City. The total population under surveillance 
was ≈11.1 million persons.

Neurologist-based GBS Surveillance
Under the authority of NYS Public Health Law 206(1)

(j), the NYSDOH Commissioner approved a time-limited 
request for physician reporting of GBS, not usually a notifi-
able condition. This request enabled NYSDOH to establish 
real-time surveillance by asking neurologists to report all 
suspected GBS cases. The NYSDOH Institutional Review 
Board approved the surveillance protocols.

Neurologists
Licensed neurologists practicing in NYS were identi-

fied in 2 ways: from a list from the NYSDOH Physician Pro-
file System, in which all licensed physicians are required to 
maintain updated information (e.g., their specialty, practice 
location), and from a list provided by the American Acad-
emy of Neurology of NYS members. These lists were com-
bined to create a singular deduplicated dataset with current 
address information for >2,600 neurologists.

Hospital-based Neurology Units
To focus surveillance efforts, study staff analyzed hos-

pital discharge data to identify high-volume hospitals (i.e., 
hospitals that treated >5 GBS cases during 2003–2008) and 
lower-volume hospitals (i.e., hospitals that treated <5 GBS 
cases during 2003–2008). Of 183 NYS hospitals, 101 high-
volume hospitals treated 95% of GBS cases diagnosed dur-
ing 2003–2008. Study staff contacted the 101 high-volume 
hospitals to identify whether a neurology inpatient clini-
cal unit was present or whether a private practice provided 
the hospital’s neurology inpatient services. These inquiries 
produced 150 neurology clinical units/neurology practices 
recruited as active reporters. A second group of passive re-
porters comprised the remaining neurologists.

Therefore, 2 groups were created: 1) 150 active report-
ing sites based in hospital clinical neurology units or neu-
rology practices and 2) 2,494 passive reporting neurolo-
gists identified through the deduplicated physician list. We 
refer to this combined group of active and passive report-
ers as the Clinical Network. Active reporters were mailed 
an information packet in mid-October 2009 that included 
a letter emphasizing the importance of reporting and the 
authority under which surveillance was conducted and a 
standardized case report form. Contact information was re-
quested for a person at the practice or hospital who could 
serve as liaison. To facilitate reporting of suspected GBS, 
the liaison at the 150 active reporting sites received a bi-
weekly email or phone call in accordance with the facility’s 
preference. Some hospitals identified infection prevention-
ists as the primary reporters. The 2,494 neurologists in the 
passive reporting group received the initial informational 
packet but no biweekly follow-up. In early March 2010, 
both groups received a second letter emphasizing the im-
portance of continued reporting and providing a summary 
of preliminary results.

Hospital Discharge Data GBS Surveillance
New York’s Statewide Planning and Research Coop-

erative System (SPARCS) collects administrative data on 
all hospital discharges in NYS. Reporting facilities are re-
quired to submit 95% of hospital discharge data within 60 
days after the discharge month and 100% within 180 days 
after the facility’s fiscal year ends. Because these delays 
render SPARCS ineffective as a primary real-time report-
ing system, we used SPARCS as a secondary system to ret-
rospectively evaluate completeness of reporting from the 
Clinical Network. Staff reviewed SPARCS data monthly 
beginning January 1, 2010, for a primary or secondary GBS 
discharge diagnosis (International Classification of Dis-
eases, Ninth Revision, Clinical Modification, code 357.0 
[acute infective polyneuritis]) in NYS residents who were 
admitted during the study period. Because of SPARCS re-
porting delays, review continued through November 2010 
to capture at least 95% of all admissions during the study 
period that had a GBS discharge code.

GBS Case Definition
Case status was determined by using the Brighton 

Collaboration Case Criteria for GBS, which incorpo-
rates 7 clinical and 2 diagnostic study criteria in hospital-
ized patients (12). Before staff carefully reviewed medi-
cal records, all patients reported as having GBS and/or  
having a primary or secondary GBS diagnosis code in 
SPARCS during the study period were considered to have 
suspected cases.

After medical record review, cases were assigned to 
1 of 3 case definitions: confirmed, probable, and noncase. 
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Confirmed case-patients met all clinical criteria and at least 
1 diagnostic study criteria; probable cases met all clinical 
criteria but did not meet diagnostic study criteria; and non-
cases did not fulfill clinical criteria or an alternative diagno-
sis was provided. Methods used for case classification have 
been described (10,11).

Follow-up of Reported Cases
NYSDOH staff followed up on all reported GBS 

cases, regardless of reporting source. For patients trans-
ferred between facilities, medical records were reviewed 
at the hospital where most of the diagnostic work-up and 
treatment was provided. Medical record reviews were 
conducted by using a standardized CDC Medical Record 
Review Form to assess case status, patient vaccination 
history (for both A[H1N1]pdm09 and seasonal influ-
enza), and additional variables of interest in accordance 
with CDC protocol (10). The study coordinator discussed 
any unclear or missing information after medical record 
review with the case-patients’ consulting neurologists 
and CDC. To ensure accurate and timely results, NYS-
DOH contracted with 11 public health and hospital-based 
nurses throughout NYS trained to conduct onsite medical 
record reviews. Staff conducted voluntary patient inter-
views with all confirmed and probable case-patients or 
their family members by using a standardized interview 
form. Vaccine histories were collected and verified by us-
ing 4 sources: medical record review, patient interview, 
information from primary care providers, and the NYS 
Immunization Information System.

Data Analysis
We comprehensively evaluated data obtained through 

the Clinical Network and SPARCS. Using medical record 
reviews as a standard, we calculated positive predictive val-
ues (PPVs) and compared them for the Clinical Network and 
SPARCS. Cohen’s κ coefficient was used to assess overall 
agreement between the 2 systems and data reliability.

Capture–recapture methods have been applied to epi-
demiologic data (13–18). Therefore, to evaluate the com-
pleteness of the overall GBS surveillance system, we used 
Chapman capture–recapture methods using 2 data sources 
(19). By matching case-patients identified through the 
Clinical Network and SPARCS on sex, birth, and admis-
sion and discharge dates, we calculated an estimate of the 
total number of GBS cases and its 95% CI (19,20). The 
total number of GBS cases was estimated by n = [(b+1)
(c+1)/(a+1)] –1, where b and c are the numbers of persons 
in the first and second capture, respectively, and a is the 
number identified in both captures (19).

We used standard definitions to compare timeliness of 
reporting and timeliness to review of the Clinical Network 
and SPARCS. Time to report was defined as the difference, 

in days, between patient’s hospital admission date and date 
a report was received by NYSDOH. Median time to report 
was compared between the 2 reporting systems. Time to 
review was defined as the difference, in days, between the 
date a report was received by NYSDOH and date of the 
medical record review. Median time to review was com-
pared between the 2 reporting systems.

We evaluated reporting completeness by compar-
ing Clinical Network cases with cases identified through 
SPARCS-only. To assess for biases in Clinical Network case 
reporting, SPARCS-only cases were reviewed to identify 
reporting differences by admission date, average age, sex, 
antecedent events, active/passive reporters, and A(H1N1)
pdm09 vaccination status. Variables were compared by re-
porting source (Clinical Network vs. SPARCS) using Fisher 
exact test with p<0.05 considered statistically significant.

Data were stored in Microsoft Access 2007 (Microsoft, 
Redmond, WA, USA). Data were cleaned and analyzed by 
using Microsoft Excel 2007 (Microsoft) and SAS Software 
version 9.1 (SAS Institute, Cary, NC, USA).

Results

Case Reports
NYSDOH received 576 suspected GBS cases from 

the combined Clinical Network and SPARCS surveil-
lance system among residents with hospital admission 
dates during October 1, 2009–May 31, 2010 (Figure). All 
240 reported patients who met study eligibility require-
ments were reviewed and assigned a case status, 140 were 
classified as having confirmed/probable GBS (Figure). 
When the Clinical Network data were compared with 
SPARCS data, 81 cases were identified in both systems, 
10 cases were identified by the Clinical Network only, 
and 49 cases were identified by SPARCS-only (Figure). 
SPARCS detected 130 of the confirmed cases (sensitiv-
ity 92.9%); the Clinical Network detected 91 confirmed 
cases (sensitivity 65.0%). PPV was higher for the Clinical 
Network (82%) than for SPARCS (59%). Cohen’s κ coef-
ficient was 0.52, indicating moderate agreement between 
the 2 reporting sources (21).

Capture–Recapture Analysis
Capture–recapture analysis indicated that the entire 

NYSDOH surveillance system missed only 6 cases, yield-
ing 146 (95% CI 140–152) GBS cases. Thus, NYSDOH 
surveillance identified 96% of the estimated cases.

Timeliness of Case Reporting and Medical  
Record Review

For SPARCS, median time to report was 131 days after 
hospital admission (Table 1). In contrast, the Clinical Net-
work had a median time to report of 12 days after hospital 
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admission. Medical records for reports identified through 
the Clinical Network were reviewed within a median of 7 
days, compared with 14 days for SPARCS reports.

Analysis of Hospital Discharge Data as a Primary 
Reporting System

When analyzing SPARCS as the sole reporting source, 
219 GBS patient reports were identified, of which 130 
(59%) met confirmed/probable case definition (Table 2) 
and 89 (41%) were determined upon review to be false pos-
itive. However, when data were stratified by primary and 
secondary diagnosis, using only a primary GBS diagnosis 
code, 116 (89%) of the total 130 cases were identified, and 
PPV increased from 59% to 78% (Table 2).

Assessment of Bias in Clinical Network Reporting
The 49 confirmed/probable cases missed by the Clini-

cal Network were reviewed further to identify possible bi-
ases in reporting. For 17 (35%) cases, admission date was 
either early or late in the surveillance period, with 8 cases 
missed in October 2009 and 9 missed in May 2010. No 
differences were found between case-patients in SPARCS-
only and in the Clinical Network on the basis of sex (male 
59% vs. 52%, respectively), age (mean 54.5 years vs. 53.3 
years), or antecedent event 1–6 weeks before GBS symp-
tom onset (65% vs. 56%). Among 91 Clinical Network–re-
ported cases, 82 (90%) were received from active reporters 
and 9 (10%) from passive reporters. Among 49 SPARCS-
only cases missed by the Clinical Network, 42 (86%) pa-
tients were under the care of active reporters and 7 (14%) 
were under the care of passive reporters.

Exposure to A(H1N1)pdm09 Vaccines
Nineteen (14%) of 140 patients with confirmed/prob-

able GBS received A(H1N1)pdm09 vaccine (Table 3); GBS 

developed in 8 (42%) of persons within 1–6 weeks after vac-
cination and in 11 (58%) >6 weeks after vaccination. Six 
(75%) of the 8 patients with confirmed/probable GBS that 
developed within 1–6 weeks after vaccination were identi-
fied by the Clinical Network, and 2 (25%) were identified by 
SPARCS-only. Of the 91 confirmed/probable Clinical Net-
work–reported cases, 14% received A(H1N1)pdm09 vac-
cine before GBS diagnosis. This proportion is similar to that 
found by the total surveillance system (14%) and that found 
if SPARCS was the stand-alone system (15%) (Table 3). 
Although not statistically significant, a difference was not-
ed between the 2 surveillance systems related to recording 
vaccination history in the medical record. Of 19 confirmed/
probable GBS case-patients who received A(H1N1)pdm09 
vaccine, 9 (69%) of 13 Clinical Network–reported cases had 
vaccination status noted in the medical record, compared 
with 2 (33%) of 6 SPARCS–identified cases.

Discussion
National active GBS surveillance was implemented 

at EIP sites to assess whether a statistically significant 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013	 1959

Figure. Surveillance for Guillain-
Barré syndrome during the 
A(H1N1)pdm09 National Influenza 
Vaccination Campaign, New York, 
USA, October 1, 2009–May 31, 
2010. SPARCS, Statewide Planning 
and Research Cooperative System.

Table 1. Timeliness of reporting data to NYSDOH Guillain-Barré 
syndrome surveillance system, 2009–2010* 
Reporting source, time, d Mean Median Range 
Clinical Network†    
 To report‡ 18 12 0–127 
 To review§ 9 7 0–42 
SPARCS¶    
 To report 130 131 58–196 
 To review 28 14 4–184 
*NYSDOH, New York State Department of Health; SPARCS, Statewide 
Planning and Research Cooperative System. 
†Network of >2,494 reporting clinical neurologists. 
‡Time lapse between patient’s hospital admission date and NYSDOH 
receipt of report. 
§Time between date NYSDOH received report and medical record review. 
¶SPARCS collects administrative data on all hospital discharges in the 
state. 
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association existed between GBS and A(H1N1)pdm09 
vaccines. NYSDOH contributed a quarter of the total 
population under surveillance to national EIP efforts, 
identifying suspected cases by using physician-based 
reporting and SPARCS. NYSDOH’s use of a Clinical 
Network as primary reporters and SPARCS as a supple-
mentary source was an effective and complete method of 
GBS surveillance, identifying ≈96% of all GBS cases in 
the study population. The Clinical Network had a high 
PPV (82%) and its data were timely but lacked complete-
ness, identifying 65% of total cases. However, the Clini-
cal Network and the overall surveillance system had an 
equal proportion (14%) of case-patients vaccinated for 
A(H1N1)pdm09 virus, suggesting that using only the 
Clinical Network would not have biased results related to 
vaccination. During this emergency situation, timeliness 
and a high PPV for the primary source of reporting (i.e., 
the Clinical Network) were vital to ensure timely review 
and transmission of data to CDC for further analysis of 
vaccine safety. If the Clinical Network had a low PPV, 
as was seen in SPARCS (59%), our capacity to rapidly 
review medical records would have been diminished. An 
influx of false-positive reports would have delayed the 
time to review and delayed transmission of complete data 
to CDC.

The rapid time to report and the quantity of reports re-
ceived from the Clinical Network demonstrated a strong 
collaboration among the clinical neurology community, 
infection preventionists, and public health authorities. The 
Clinical Network provided timely reporting with a medi-
an time to report of 12 days. An evaluation of US public 
health infectious disease reporting systems that used public 

health and biomedical literature found a median of 12 days 
(1–54 days) for meningococcal disease from diagnosis to 
initiation of investigation by the state public health agency 
and a median of 21 days (2–41 days) for Escherichia coli 
O157:H7 (22) infection. Therefore, the Clinical Network’s 
and NYSDOH’s time to report and investigate cases (me-
dian 19 days [12 days to report, 7 days to review]) was 
comparable to that for infectious disease surveillance sys-
tems. This finding suggests that during a potential public 
health crisis, neurologists, who may be unaccustomed to 
reporting to public health authorities, may be timely and 
competent reporters if the reasons to report are compelling 
and clear and the Commissioner of Health has officially 
requested reporting.

Adequate staffing is necessary for successful surveil-
lance, and contracting public health/hospital-based nurs-
ing staff enabled timely review of medical records. Staff 
reviewed cases identified through the Clinical Network in 
a median of 7 days versus 14 days for SPARCS. SPARCS 
cases had a longer time to record review because many of 
these patients had been discharged and medical records de-
partments required additional time to locate records. Many 
case-patients reported through the Clinical Network were 
hospitalized at the time of review, enabling easier access to 
medical records and thus a quicker review process.

If SPARCS had been the sole reporting source, us-
ing a primary diagnosis code of 357.0 would have identi-
fied 83% of total cases, including all cases in vaccinated 
persons. A routine GBS surveillance system based solely 
on hospital discharge data would be substantially less re-
source dependent (because of its ability to batch medical 
record reviews and its need for fewer staff) and have high 
sensitivity. The Clinical Network required a full-time staff 
member, 2 research assistants to maintain data and con-
duct biweekly follow-up calls to the neurology practices, 
and 11 study nurses to review medical records. Time in-
vested by the neurology practices, infection preventionists, 
and medical records departments also must be considered 
in the overall cost of establishing and maintaining such a 
robust surveillance system. This evaluation has shown 
that for future surveillance efforts involving GBS, using a 
primary diagnosis code of 357.0, requires fewer resources 
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Table 2. Use of primary and secondary diagnosis codes for GBS 
identified by SPARCS, New York State Department of Health 
GBS surveillance system, 2009–2010* 

Diagnosis 
Total cases 

reported 
Confirmed/probable cases, 

no. (%) 
Primary 149 116 (78) 
Secondary 70 14 (20) 
Total 219 130 (59) 
*GBS, Guillain-Barré syndrome; SPARCS, Statewide Planning and 
Research Cooperative System. SPARCS collects administrative data on 
all hospital discharges in state facilities. 

 

Table 3. Vaccination status of patients with confirmed or probable GBS, New York State Department of Health GBS surveillance 
system, 2009–2010*- 

Reporting source 
Total confirmed/probable GBS 

case-patientss 
A(H1N1)pdm09 monovalent vaccine status 

Received, no. (%) Did not receive, no. (%) 
Clinical Network† and SPARCS‡ 140 19 (14) 121 (86) 
SPARCS 130 19 (15) 111 (85) 
Clinical Network 91 13 (14) 78 (86) 
SPARCS-only¶ 49 6 (12) 43 (88) 
*GBS, Guillain-Barré syndrome; SPARCS, Statewide Planning and Research Cooperative System. 
†Network of >2,494 reporting clinical neurologists.  
‡SPARCS refers to all suspected cases identified through hospital discharge data (some of these cases might have been identified by the Clinical 
Network as well). 
¶Cases missed by the Clinical Network and identified only through SPARCS. 
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than establishing a Clinical Network, has a high PPV, and 
can identify a high proportion of all GBS cases. However, 
in NYS, these costs were necessary because of the lack of 
timeliness of SPARCS. For this surveillance system, even 
if SPARCS were timely, it would still carry a substantial 
cost because of the intensive follow-up required. Receipt 
of reports took a median of 11 times longer from diagno-
sis date through SPARCS and double the time to review 
than through the Clinical Network. Reporting timeliness 
is a key surveillance system metric, and its importance is 
specific to the health-related event under surveillance (23). 
For GBS surveillance related to vaccination, the long delay 
in SPARCS reporting was unacceptable. The mass vacci-
nation campaign necessitated rapid collection and analysis 
of data to determine vaccine safety and reassure providers 
and the public.

The Clinical Network may have failed to identify 49 
cases found through SPARCS-only for several reasons. 
Because of logistical issues, information packets notifying 
the Clinical Network of the surveillance system were not 
sent until mid-October 2009, and NYSDOH staff did not 
receive a contact person for most of active reporters for 
biweekly follow-up until early November 2009. Many neu-
rologists did not review their records retrospectively to Oc-
tober 1, 2009, and instead reported prospectively from mid-
October 2009, causing underreporting in October. Reporter 
fatigue was noted late in the surveillance period, with only 
4 confirmed/probable Clinical Network reported cases in 
May 2010. Supporting the suspicion that underreporting 
was largely a logistical issue, no differences based on de-
mographic or vaccination status were identified between 
cases identified by the Clinical Network and SPARCS-on-
ly cases. Although a statistically significant difference was 
not identified, some reporters expressed confusion about 
whether to report GBS in nonvaccinated patients through-
out the surveillance period.

Our conclusions are subject to 2 possible limita-
tions. First, some GBS cases might have been misidenti-
fied; however, this circumstance was minimized by use 
of standardized case definitions and standardized training 
of the surveillance officer and contracted nursing staff. In 
addition, all reported GBS cases received equal follow-up 
regardless of reporting source, including discussing the 
case with the patient’s consulting neurologist when infor-
mation was unclear or missing. Second, specificity values 
could not be calculated because there was no standard for 
comparison; therefore, Cohen’s κ coefficient was used to 
assess the reliability of the data. Sensitivities of 65% and 
93% were found for the Clinical Network and SPARCS, 
respectively, but these sensitivities may be overestimated 
because of the possible cases missed by both systems. 
However, capture–recapture analysis suggests that few 
cases were missed.

When a credible public health emergency arises, phy-
sicians unaccustomed to reporting noninfectious diseases 
might be asked for assistance to protect public health and 
safety. For emergency GBS reporting, the Clinical Network 
reported quickly and well with a high PPV, and record re-
views were conducted rapidly by using contracted nursing 
staff. These efforts led to the prompt transmission of data to 
CDC for the timely analysis of vaccine safety. The Clinical 
Network did not achieve complete case ascertainment in 
comparison with hospital discharge data, but no system-
atic bias with regard to A(H1N1)pdm09 vaccination sta-
tus was evident, so data were judged valid for inclusion in 
the national multistate study of the risk for GBS in persons 
receiving A(H1N1)pdm09 vaccine. However, because of 
the resources needed to develop and maintain this system, 
it is not recommended for routine surveillance or research 
studies. Hospital discharge data can be used for nonemer-
gent situations, routine surveillance, and research, but users 
should be aware of the built-in eporting delays.

Acknowledgments
We thank Suzanne McGuire for her extraordinary work on 

the creation and maintenance of the internal database. We extend 
special thanks to all of our study nurses: Lisa Ayers, Casey Cal-
abria, Mary Pat Boyle, Jennifer Hind, Gayle McNicholas, Kath-
erine Montefusco, Brenda Naizby, Sandra Switzer, and Jeanine 
Woltmann, who tirelessly reviewed medical records to ensure the 
success of this surveillance activity. We also thank the neurology 
practices and hospital staff (primarily infection preventionists and 
medical records department staff) throughout NYS for their par-
ticipation and patience.

This study was supported in part by CDC Cooperative 
Agreement no. U01-CI000311 and an appointment to the Applied 
Epidemiology Fellowship Program administered by the Council 
of State and Territorial Epidemiologists and funded by CDCCo-
operative Agreement no. 1U38HM000414.

Mr Giambrone served as a CDC/Council of State and Terri-
torial Epidemiologists Applied Epidemiology Fellow in the NYS 
Department of Health Emerging Infections Program, within the 
Bureau of Communicable Disease Control, during GBS surveil-
lance and is now a research scientist in the same program. His re-
search interests are in the area of infectious disease epidemiology.

References

  1.	 Schonberger LB, Bregman DJ, Sullivan-Bolyai JZ, Keenlyside RA, 
Ziegler DW, Retailliau HF, et al. Guillain-Barré syndrome follow-
ing vaccination in the National Influenza Immunization Program, 
United States, 1976–1977. Am J Epidemiol. 1979;110:105–23.

  2.	 Langmuir AD, Bregman DJ, Kurland LT, Nathanson N, Victor M.  
An epidemiologic and clinical evaluation of Guillain-Barré  
syndrome reported in association with the administration of swine 
influenza vaccines. Am J Epidemiol. 1984;119:841–79.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013	 1961



RESEARCH

  3.	 Safranek TJ, Lawrence DN, Kurland LT, Culver DH, Wiederholt WC, 
Hayner NS, et al. Reassessment of the association between Guillain-
Barré syndrome and receipt of swine influenza vaccine in 1976–1977: 
results of a two-state study. Am J Epidemiol. 1991;133:940–51.

  4.	 Sejvar JJ, Pfeifer D, Schonberger LB. Guillain-Barré syndrome 
following influenza vaccination: causal or coincidental? Curr  
Infect Dis Rep. 2011;13:387–98. http://dx.doi.org/10.1007/
s11908-011-0194-8

  5.	 Hurwitz ES, Schonberger LB, Nelson DB, Holman RC.  
Guillain-Barré syndrome and the 1978–1979 influenza vaccine. 
N Engl J Med. 1981;304:1557–61. http://dx.doi.org/10.1056/
NEJM198106253042601

  6.	 Kaplan JE, Katona P, Hurwitz ES, Schonberger LB. Guillain-Barré 
syndrome in the United States, 1979–1980 and 1980–1981. JAMA. 
1982;248:698–700. http://dx.doi.org/10.1001/jama.248.6.698

  7.	 Centers for Disease Control and Prevention. Outbreak of swine-
origin influenza A (H1N1) virus infection—Mexico, March–April 
2009. MMWR Morb Mortal Wkly Rep. 2009;58:467–70.

  8.	 Centers for Disease Control and Prevention. Update: swine influen-
za A (H1N1) infections—California and Texas, April 2009. MMWR 
Morb Mortal Wkly Rep. 2009;58:435–7.

  9.	 Novel Swine-Origin Influenza A (H1N1) Virus Investigation 
Team, Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S,  
et al. Emergence of a novel swine-origin influenza A (H1N1) virus 
in humans. Erratum in: N Engl J Med. 2009;361:102. N Engl J Med. 
2009;360:2605–15.

10.	 Wise ME, Viray M, Sejvar JJ, Lewis P, Baughman AL, Connor W,  
et al. Guillain-Barré syndrome during the 2009–2010 H1N1 influ-
enza vaccination campaign: population-based surveillance among 
45 million Americans. Am J Epidemiol. 2012;175:1110–9. http://
dx.doi.org/10.1093/aje/kws196

11.	 Centers for Disease Control and Prevention. Preliminary results: 
surveillance for Guillain-Barré syndrome after receipt of influenza 
A (H1N1) 2009 monovalent vaccine—United States, 2009–2010. 
MMWR Morb Mortal Wkly Rep. 2010;59:1–5.

12.	 Sejvar JJ, Kohl KS, Gidudu J, Amato A, Bakshi N, Baxter R, et al. 
Guillain-Barré syndrome and Fisher syndrome: case definitions and 
guidelines for collection, analysis, and presentation of immunization 
safety data. Vaccine. 2011;29:599–612. http://dx.doi.org/10.1016/ 
j.vaccine.2010.06.003

13.	 Hook EB, Regal RR. Capture–recapture methods in epidemiology: 
methods and limitations. Epidemiol Rev. 1995;17:243–64.

14.	 Hook EB, Regal RR. Recommendations for presentation and  
evaluation of capture–recapture estimates in epidemiology. J Clin 
Epidemiol. 1999;52:917–26.

15.	 Mastro TD, Kitayapon D, Weniger BG, Vanichseni S, Laosunthorn 
V, Uneklabh T, et al. Estimating the number of HIV-infected injec-
tion drug users in Bangkok: a capture–recapture method. Am J Public 
Health. 1994;84:1094–9. http://dx.doi.org/10.2105/AJPH.84.7.1094

16.	 Verstraeten T, Baughman AL, Cadwell B, Zanardi L, Haber P,  
Chen RT, et al. Enhancing vaccine safety surveillance: a capture–
recapture analysis of intussusception after rotavirus vaccination. 
Am J Epidemiol. 2001;154:1006–12. http://dx.doi.org/10.1093/
aje/154.11.1006

17.	 Wu C, Chang HG, McNutt LA, Smith PF. Estimating the mortality 
rate of hepatitis C using multiple data sources. Epidemiol Infect. 
2005;133:121–5. http://dx.doi.org/10.1017/S0950268804003103

18.	 Huang WT, Huang WI, Huang YW, Hsu CW, Chuang JH. The  
reporting completeness of a passive safety surveillance system for  
pandemic (H1N1) 2009 vaccines: a capture–recapture analysis. Vaccine. 
2012;30:2168–72. http://dx.doi.org/10.1016/j.vaccine.2012.01.013

19.	 Chapman DG. Some properties of the hypergeometric distribution 
with applications to zoological sample censuses. Berkeley (CA): 
University of California Publications in Statistics;1951. p.131–160.

20.	 Seber GAF. The effects of trap response on tag recapture estimates. 
Biometrics. 1970;26:13–22. http://dx.doi.org/10.2307/2529040

21.	 Landis JR, Koch GG. The measurement of observer agreement 
for categorical data. Biometrics. 1977;33:159–74. http://dx.doi.
org/10.2307/2529310

22.	 Jajosky RA, Groseclose SL. Evaluation of reporting timeliness of 
public health surveillance systems for infectious diseases. BMC 
Public Health. 2004;4:29. http://dx.doi.org/10.1186/1471-2458-4-29

23.	 German RR, Lee LM, Horan JM, Milstein RL, Pertowski CA, 
Waller MN, et al. Updated guidelines for evaluating public health 
surveillance systems: recommendations from the guidelines work-
ing group. MMWR Recomm Rep. 2001;50(RR-13):1–35.

Address for correspondence: Gregory P. Giambrone, ESP Corning Tower, 
Rm 651, Albany, NY 12237, USA; email: gpg03@health.state.ny.us

1962	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013




