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Buprenorphine is an effective medication for the treatment 
of opioid dependence. Its use has increased in the United 
States as a result of the Drug Addiction Treatment Act of 2000, 
which allowed physicians to prescribe certain medications as 
part of office-based treatment for opioid addiction. In France, 
widespread use of medication-assisted therapy, primarily 
buprenorphine treatment, was associated with an 80% decrease 
in overdose deaths from heroin or cocaine from 465 in 1996 
to 89 in 2003 (1). With the expanded use of buprenorphine, 
an increase in exposures among children and adults has been 
reported in the United States. These exposures (including 
unintentional and intentional, therapeutic and nontherapeu-
tic) have resulted in adverse effects and, in a small number of 
cases, death. To assess statewide increases in buprenorphine use 
and the number of reported exposures, the Utah Department 
of Health analyzed data from the Utah Controlled Substance 
Database (CSD) and the Utah Poison Control Center (PCC). 
The results of that analysis indicated a statewide increase in 
the annual number of patients prescribed buprenorphine from 
22 in 2002 to 9,793 in 2011, and a concurrent increase in the 
annual number of prescribers writing buprenorphine prescrip-
tions from 16 to 1,088. Over the same period, the number 
of exposures to buprenorphine reported annually to the PCC 
increased from six to 81. However, comparison of the ratios of 
buprenorphine exposures to patients and prescribers in 2002 
with data for 2011 indicated substantial decreases from 6/22 
for patients and 6/16 for prescribers in 2002 to 81/9,793 for 
patients and 81/1,088 for prescribers in 2011. Three of the 
total 462 buprenorphine exposures reported during 2002–
2011 in Utah, in a teen and two adults, were associated with 
fatal outcomes. Increased buprenorphine prescribing in Utah 
during 2002–2011 likely represents expanded access to criti-
cally needed opioid addiction treatment; however, safeguards 
should be in place to prevent adverse effects. Prescribers and 
pharmacists are encouraged to counsel patients carefully 
regarding the safe use, storage, and disposal of buprenorphine. 

The epidemic of opioid addiction and related overdose 
deaths is a well-described and growing public health problem 
in the United States (2). Numerous barriers to accessing opioid 
addiction treatment have been identified.* Buprenorphine 
was approved by the Food and Drug Administration in 2002 
for the treatment (alone or in combination with naloxone) 
of opioid dependence (3,4). The efficacy of buprenorphine 
in the treatment of opioid dependence has consistently been 
demonstrated (5), and its use has been associated with new 
types of patients receiving addiction treatment. Similar to other 
opioids, buprenorphine produces euphoria and respiratory 
depression in a dose-dependent manner. However, unique to 
buprenorphine, these effects increase until, at moderate doses, 
the effects reach a plateau and no longer continue to increase, 
making respiratory depression less likely in a habituated opioid 
user (4,6). This “ceiling effect” has raised concern that some 
prescribers and patients might think buprenorphine unlikely 
to cause any adverse effects (6). Studies have indicated that, 
in an opioid naïve patient, respiratory depression might occur 
before reaching this ceiling, especially in young children (6). 

Buprenorphine Prescribing Practices and Exposures Reported 
to a Poison Center — Utah, 2002–2011 

* Additional information available at http://www.ncbi.nlm.nih.gov/books/
nbk14677. 

http://www.cdc.gov/mmwr/cme/conted_info.html#weekly
http://www.ncbi.nlm.nih.gov/books/nbk14677
http://www.ncbi.nlm.nih.gov/books/nbk14677
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For this report, data for 2002–2011 were analyzed from the 
state’s CSD and PCC. The CSD tracks all outpatient (but not 
inpatient) prescriptions for Schedule II–V drugs dispensed in 

Utah. CSD is maintained by the Division of Occupational 
and Professional Licensing within the Utah Department of 
Commerce. The PCC maintains data on reported human expo-
sures to buprenorphine and other drugs (including intentional 
and unintentional, therapeutic and nontherapeutic exposures). 
Standardized information collected for each exposure includes 
age, sex, substance, route of exposure, reason for exposure, loca-
tion of exposure, location of caller, therapy provided, clinical 
effects, management location, and medical outcome. 

CSD Findings 
During 2002–2011, the number of prescribers writing 

prescriptions for buprenorphine increased 67-fold, from 16 
in 2002 to 1,088 in 2011, and the number of patients filling 
buprenorphine prescriptions increased 444-fold, from 22 in 
2002 to 9,793 in 2011. In 2011, the 106,415 buprenorphine 
prescriptions recorded in the CSD amounted to 2% of the 
total 5,291,530 controlled substance prescriptions. 

The patients whose prescriptions for buprenorphine were 
recorded in the CSD during 2002–2011 were predominantly 
(59.7%) men. The mean age of the persons for whom exposures 
were reported was 34.7 years (standard deviation: 12.6 years), 
and the median age was 31 years (range: <1 to 109 years). 

PCC Findings 
From 2002 to 2011, the number of exposures to buprenor-

phine reported annually to the PCC increased approximately 

What is already known on this topic? 

Opioid addiction is a well-described and growing public health 
problem in the United States. In 2002, buprenorphine was 
approved by the Food and Drug Administration for the treatment 
(alone or in combination with naloxone) of opioid dependence. 

What is added by this report? 

In Utah, the annual number of prescribers writing prescriptions 
for buprenorphine increased 67-fold, from 16 in 2002 to 1,088 in 
2011, and the annual number of patients filling buprenorphine 
prescriptions increased 444-fold, from 22 to 9,793. During the 
same period, as the number of prescriptions increased, the 
annual number of buprenorphine exposures increased 13-fold, 
from six to 81, with exposures primarily among adults aged 
≥20 years and children aged ≤5 years. Of 462 exposures, 
three (<1%) were fatal. 

What are the implications for public health practice? 

Despite buprenorphine’s effectiveness in the treatment of 
opioid dependence, nontherapeutic use, both misuse and 
unintentional exposure, can have adverse outcomes. Expanded 
use of buprenorphine for the treatment of opioid dependence 
is important to improve public health. Through education and 
counseling of prescribers, pharmacists, and patients regarding 
the safe use, storage, and disposal of this drug, adverse effects 
likely can be reduced. 
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13-fold, from six to 81. The number of exposures to buprenor-
phine began to rise significantly in 2004 overall, whereas 
a similar rise among children aged ≤5 years did not begin 
until 2006 (Figure). However, comparison of the ratios of 
buprenorphine exposures to patients and prescribers in 2002 
with data for 2011 indicated substantial decreases from 6/22 
for patients and 6/16 for prescribers in 2002 to 81/9,793 for 
patients and 81/1,088 for prescribers in 2011. Of the 462 
exposures recorded in the PCC database during 2002–2011, 
250 (54.1%) were among adults aged ≥20 years, 179 (38.7%) 
were among children aged ≤5 years, and 33 (7.1%) were among 
persons aged 6–19 years (Figure). Nearly all (94%) of the 
exposures among children aged ≤5 years were to sublingual 
tablets rather than to the buprenorphine film product, which 
was not approved until 2010. 

The most common clinical effects reported in children 
aged ≤5 years were drowsiness in 105 (58.6%), vomiting in 
47 (26.2%), respiratory depression in 34 (19.0%), miosis 
in 27 (15.1%), agitation in 18 (10.1%), and tachycardia in 
15 (8.4%). Respiratory arrest was reported in three (1.7%) 

children. In adults, the most common clinical effects included 
drowsiness in 72 (28.8%), vomiting in 53 (21.2%), agitation in 
52 (20.8%), nausea in 49 (19.6%), confusion in 28 (11.2%), 
dizziness in 28 (11.2%), diaphoresis in 21 (8.4%), tachycardia 
in 17 (6.8%), respiratory depression in 14 (5.6%), ataxia in 
13 (5.2%), and diarrhea in 13 (5.2%). Respiratory arrest was 
noted in two (0.8%) adults. 

Among adults, 33 exposures (13.2%) were unintentional, 
and 126 (50.4%) were intentional (suicidal intent or inten-
tional misuse or abuse of the medication). Of the 250 adult 
exposures, 22 (8.8%) were related to withdrawal and 57 
(22.8%) to adverse reaction to the medication. A known out-
come was documented in 164 (91.6%) children aged ≤5 years, 
and 42 (25.6%) of those outcomes had a moderate or major 
effect. In adults, a known outcome was documented in 220 
(88.0%) exposures, and 47 (21.4%) of those outcomes had 
a moderate, major, or fatal effect. Three fatal outcomes were 
reported, including two in adults and one in a teen. 

The majority of the 462 persons with exposures were treated 
in a health-care facility (247; 53.5%). Of the 247, a total of 
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FIGURE. Reported buprenorphine exposures (N = 462), by age group — Utah Poison Control Center, 2002–2011
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127 (51.4%) were treated and released from an emergency 
department, and the remainder were admitted for medical 
care. A higher proportion of children aged ≤5 years (137; 
76.5%) were treated in a health-care facility, compared with 
adults (103; 41.2%). 

Reported by 

Karen C. Thomas, PhD, Marty Malheiro, MS, Barbara I. Crouch, 
PharmD, Utah Poison Control Center; Christina A. Porucznik, 
PhD, Dept of Family and Preventive Medicine, University of 
Utah. Corresponding contributor: Christina A. Porucznik, 
christy.porucznik@utah.edu, 801-581-4330. 

Editorial Note 

As use of buprenorphine increased rapidly since 2002, poi-
son control centers throughout the United States observed 
increases in the number of buprenorphine exposures (7). 
Increased therapeutic use of buprenorphine likely will help 
reduce prescription opioid abuse and misuse; however, non-
therapeutic or inappropriate use of buprenorphine can cause 
serious and potentially life-threatening effects among children 
and adults. Young children exploring their environments 
might lick or ingest this medication, resulting in vomiting, 
respiratory depression, coma, or death (6). Results of a study 
in an Appalachian community suggest that improved access 
to buprenorphine treatment might help reduce sharing of the 
medication among adults and teens or diversion for nonthera-
peutic use that could cause adverse effects (8). 

The increase in buprenorphine use has expanded access to 
opioid addiction treatment in the office-based setting. This 
presents new opportunities for health-care providers to reduce 
morbidity and mortality related to opioid addiction and to 
mitigate risks associated with nontherapeutic use of this drug. 
Prescriber and pharmacist counseling of patients regarding 
the safe use, storage, and disposal of this medication can help 
prevent adverse consequences from unintentional exposure 
among children or diversion and experimentation among teens 
and adults who are opioid naïve. In certain cases, health-care 
provider counseling might prevent a fatality. In several cases, 
investigators found that help was not sought immediately after 
exposure, likely because a child was not observed to have swal-
lowed a tablet or placed packaging in its mouth, only to be 
found later with respiratory effects. Counseling by health-care 
providers about the potential dangers to children from licking 
a buprenorphine film package or holding a sublingual tablet in 
the mouth, even briefly, might help caregivers learn the impor-
tance of early intervention in any buprenorphine exposure. 

The findings in this report are subject to at least two limita-
tions. The CSD limits identifiers and does not include infor-
mation on diagnosis; therefore, it is not possible to determine 
the reason for prescribing buprenorphine or to evaluate the 
appropriateness of the prescription. The PCC did not add a 
code for the buprenorphine film product until October 2010; 
therefore, some exposures to the film product might have been 
attributed to the sublingual tablet. 

The expanded use of buprenorphine as part of office-based 
treatment is an important tool to reduce morbidity and mor-
tality associated with opioid addiction (9). Education on how 
to safely use, store, and dispose of buprenorphine is needed to 
help prevent unintentional exposures. Health-care profession-
als and members of the public can contact their local poison 
control center at 800-222-1222 for guidance regarding the 
adverse consequences of any exposure and the safe use, stor-
age, and disposal of medications such as buprenorphine (Box). 
Patients and caregivers are encouraged to seek assistance from 
their pharmacists, prescribers, local poison control centers, and 
other members of the health-care community for information 
regarding the safe use of their medications. 

BOX. Recommendations to prevent harmful exposures to 
buprenorphine

Buprenorphine-containing products can be harmful to 
children not only when a whole tablet or film is swallowed, 
but also when they are licked or placed in the mouth. 
•	Keep medication out of sight and out of reach of 

children. 
•	Use a locked box, bag, or cabinet for safe storage of 

medication. 
•	Always keep medication in its original, labeled 

prescription container, with child-resistant closure 
when appropriate. 

•	Do not place tablets or films on counters, sinks, 
dressers, or nightstands for later use. 

•	Discard used buprenorphine film wrapping 
immediately by folding the package together, placing 
it in the trash, and securing the trash. Buprenorphine 
bottles and film wrapping can contain enough leftover 
medicine to cause problems for young children. 

•	Do not store medication in your pocket, bag, purse, 
backpack, or other carrying case. 

•	Avoid leaving medication in the bathroom, car, or any 
publicly accessible space. 

mailto:christy.porucznik@utah.edu
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During July–August 2010, Pakistan experienced extreme 
flooding that affected approximately 18 million persons. In 
response to the emergency, Pakistan’s Ministry of Health and 
the World Health Organization (WHO) enhanced an existing 
disease early warning system (DEWS) for outbreak detection 
and response. This report summarizes surveillance results 
early after implementation, describes system usefulness, and 
identifies areas for strengthening. Daily disease counts were 
reported from health facilities in four provinces contain-
ing 98% of the flood-affected population. During July 29, 
2010–September 15, 2010, approximately 5.6 million new 
patient visits were reported. The most frequent conditions 
reported were skin diseases (18.3%), acute respiratory infection 
(15.1%), and acute diarrhea (13.3%). A total of 130 outbreak 
alerts were documented, of which 115 (88.5%) were for acute 
watery diarrhea (AWD) (suspected cholera). Of these, 55 
alerts (47.8%) had at least one microbiological sample with 
confirmed cholera. Overall, DEWS was useful in detecting 
outbreaks, but it was limited by problems with data quality. 
Improvements in DEWS have increased system usefulness in 
subsequent emergencies. This report highlights the need to 
follow updated WHO guidelines on early warning disease 
surveillance systems to improve their usefulness (1). 

Background 
In emergencies before the 2010 floods, the Pakistan National 

Institute of Health conducted outbreak surveillance in some 
provinces using an existing DEWS. Severe flooding in July 
and August of 2010 resulted in >1,700 deaths, damaged or 
destroyed 1.9 million homes, and left at least 10 million people 
without shelter. This led to the largest international appeal 
ever (USD 2 billion globally) for humanitarian assistance and 
a need for an expanded DEWS (2). 

Postflood Implementation of DEWS 
After flooding began, DEWS was expanded to a national 

system covering all flood-affected districts in the country. The 
primary objective of the system was early outbreak detection 
and control (Table 1). Disease reporting through this sys-
tem began in July 2010. In August 2010, WHO requested 
CDC assistance to strengthen DEWS. Operational guides 
with standardized case definitions and reporting forms were 
distributed (3), and national and provincial surveillance staff 
members were trained. Fixed health facilities and mobile 
clinics in flood-affected areas were expected to report case 
counts of 13 conditions considered to be epidemic-prone or 

of public health importance.* Information was compiled daily 
at the district, provincial, and national levels, and a national 
epidemiological bulletin showing aggregated data was issued 
the following day (4). 

DEWS also included an immediate disease alert and response 
component to meet its primary objective. Most diseases in 
DEWS had a defined alert threshold (Table 2) that triggered 
notification of surveillance staff members and outbreak inves-
tigation teams. Laboratory confirmation included onsite rapid 
diagnostic tests and microbiological testing at the national 
public health laboratory. 

The rapid expansion of DEWS was supported by using sur-
veillance personnel and mechanisms for disease reporting from 
existing provincial systems. Additional resources from vertical, 
field-based programs, communicable disease programs, and 
other health programs also were widely used. Lastly, provincial 
health departments actively supported DEWS implementation 
by facilitating the training of surveillance officers and mandat-
ing disease reporting from district health officers. 

Surveillance Results 
Daily reporting began on July 29, 2010. The average weekly 

number of reporting sites fluctuated between 958 and 1,948 
sites for the first 6 weeks. By mid-September 2010, DEWS 
covered 81 (67.5%) flood-affected districts of the country’s 
120 districts. 

During July 29–September 15, 2010, a total of 5,618,902 
patient visits were reported to DEWS. Of those, 2,174,368 
(38.7%) were for a reportable condition, primarily includ-
ing 850,292 (15.1%) visits for acute respiratory infection, 
745,532 (13.3%) for acute diarrhea, and 327,453 (5.8%) for 
unexplained fever. In some areas, data on additional conditions 
were collected using nonstandardized forms and included skin 
diseases, dog bites, snake bites, eye and ear infections, injuries, 
and heat stroke. Of these, skin diseases were the most com-
monly reported, with 1,029,942 (18.3% of total) visits. 

In the same period, 130 outbreak alerts were generated, of 
which 115 (88.5%) were for AWD. Another seven (5.4%) 
disease alerts were for suspected measles, two (1.5%) were 
for acute flaccid paralysis, and two (1.5%) were for suspected 
meningitis. Of the AWD alerts, 82 (71.3%) had at least one 
microbiological sample submitted, with 55 (67.1%) of these 

Early Warning Disease Surveillance After a Flood Emergency — Pakistan, 2010 

* The 13 conditions listed in the guidelines included acute watery diarrhea, 
bloody diarrhea, acute respiratory infection, suspected malaria, suspected 
measles, suspected meningitis, acute flaccid paralysis, acute hemorrhagic fever 
syndrome, acute jaundice syndrome, unexplained fever, unexplained disease 
occurring in a cluster, other diarrhea, and all other conditions. 
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samples testing positive for Vibrio cholerae. None of the cases 
of suspected measles, acute flaccid paralysis, or suspected 
meningitis were laboratory confirmed as measles, polio, or 
bacterial meningitis. 

Reporting Challenges 
During its rapid implementation, DEWS encountered 

several challenges common to disease early warning systems 
established during disasters (5,6). First, application of non-
standard case definitions varied. For example, in Punjab, 
311,882 patients with suspected malaria were recorded as 
having unexplained fever and only 772 confirmed cases were 
reported as suspected malaria. In contrast, in Sindh, suspected 
and confirmed malaria cases both were reported as suspected 
malaria (n = 168,302). This affected national estimates. Disease 
misclassification made the aggregated national data inadequate 
for identifying and monitoring disease trends. 

Second, acceptance of standardized reporting forms varied 
because some diseases considered important by provincial 
authorities were not specifically included on DEWS forms 
(e.g., skin diseases). Hence, provinces used nonstandard 
forms, which led to the reporting of multiple disease catego-
ries inconsistent with standardized DEWS case definitions. 
A prominent example was diarrhea. In practice, diarrhea was 
captured as acute diarrhea, bloody diarrhea, AWD, suspected 
cholera, gastroenteritis, or other diarrhea, depending on the 
reporting location. 

Third, data rarely were analyzed at the district level or lower 
because staff members were fully occupied fulfilling daily 
reporting requirements. Data were analyzed and reported 
nationally, but most outbreak alerts were based on reports of 
small numbers of cases reported immediately by telephone or 
e-mail at the local level. 

Fourth, disease reporting was difficult to monitor. Lack of 
reliable information on functioning health facilities and their 
catchment populations made it difficult to determine timeli-
ness and coverage. Sites reporting fluctuated daily and late or 

missing reports were difficult to track because hundreds of sites 
reported daily. Although DEWS covered most government 
health facilities, not all partners delivering health services (e.g., 
nongovernmental organizations) participated in the system. 
Data were analyzed using proportionate morbidity and case 
counts, but with uneven reporting, trends reported in epide-
miological bulletins were of limited usefulness. 

Recent Situation 
In 2011 and 2012, Pakistan again experienced heavy monsoon 

flooding, which affected >4 million persons each year (7,8). 
National DEWS continued to operate with weekly reporting and 
captured 45,510,570 patient visits and 5,752 disease outbreak 
alerts in 2011 (4). Weekly bulletins were expanded to include 
subnational trends and outbreak investigation results. Despite 
early challenges, DEWS remained important for outbreak 
detection in the absence of other outbreak detection systems. 

TABLE 1. Categories of diseases commonly included in early warning disease surveillance systems, by attributes

Attribute Epidemic-prone diseases Other diseases of public health importance

Objective Early outbreak detection and response Monitoring of disease trends
Disease characteristics Epidemic potential, potential for severe morbidity or 

mortality, easy and reliable case identification, available 
treatment and prevention and control measures

Cause high morbidity, easy case identification, necessary 
for program planning

Typical diseases Acute flaccid paralysis, cholera, measles, bacterial 
meningitis

Acute respiratory infection, suspected malaria, acute 
nonbloody and nonwatery diarrhea

Frequency of reporting Immediate Less frequent
Coverage Universal Sentinel
Reporting methods Flexible (e.g., phone, fax, short message service, e-mail) Designated (e.g., paper, fax, e-mail)
Threshold for investigation Predefined case count threshold Observed trends related to baseline
Data reporting requirements Minimal Moderate–high

What is already known on this topic? 

After severe flooding in Pakistan in 2010, a large-scale early 
warning disease surveillance system was implemented. Such 
systems encounter recurrent challenges in postdisaster settings. 

What is added by this report? 

A national disease early warning system (DEWS) was imple-
mented expeditiously, and during July 29–September 15, 2010, 
the system captured information from 5,618,902 patient visits 
and generated 130 outbreak alerts. DEWS was useful for 
identifying outbreaks, but was limited by poor data quality 
during initial implementation. 

What are the implications for public health practice? 

DEWS in Pakistan collected key information on epidemic-prone 
diseases but experienced challenges with data quality and 
system usefulness that are well-documented from prior 
emergencies. Adherence to recently updated World Health 
Organization guidelines is critical, and ongoing evaluation 
of the impact of these new guidelines is needed in 
future emergencies. 
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TABLE 2. Disease Early Warning System priority conditions, alert criteria, number of cases, and disease alerts — Pakistan, July 29–
September 15, 2010*

Disease Case definition Alert criteria Action suggested

Total visits 
(N = 5,618,902)

Disease alerts 
(N = 130)

No. (%) No. (%)

Diseases requiring notification and investigation

Acute watery 
diarrhea (suspected 
cholera)

In an area where cholera is not known to be 
present: A person aged >5 years with severe 
dehydration or death from acute watery 
diarrhea with or without vomiting 
In an area where there is a cholera outbreak: 
A person aged >5 years with acute watery 
diarrhea with or without vomiting 
To confirm a case of cholera: Isolation of 
Vibrio cholerae O1 or O139 from a 
stool sample

One suspected 
case

Reinforce appropriate 
case management; 
initiate investigation

745.532† (13.3%) 115  (88.5%)

Bloody diarrhea Acute diarrhea with visible blood in the stool 
To confirm a case of epidemic bacillary 
dysentery: Take a stool specimen for 
culture and blood for serology; isolation 
of Shigella dysenteriae type 1

Three or more 
cases in one 
location 

Reinforce appropriate 
case management, 
including antibiotic 
usage; collect stool for 
culture and 
antimicrobial 
sensitivity; initiate 
investigation

49,304 (0.9%) 1 (0.8%)

Acute respiratory 
infection 

Cough or difficulty breathing and breathing 
50 or more times per minute for infants 
aged 2 months to 1 year / breathing ≥40 or 
more times per minute for children aged 
1–5 years, and no chest indrawing, no 
stridor, no general danger signs§ 
Note: Severe pneumonia = cough or difficulty 
breathing and one or more of the following 
(inability to drink or breastfeed, severe 
vomiting, convulsions, lethargy or 
unconsciousness) or chest indrawing or 
stridor in an otherwise calm child

Twice the 
average 
number of 
cases seen in 
the previous 
3 weeks for a 
given location

Reinforce appropriate 
case management; 
initiate investigation

850,292 (15.1%) 0 —

Suspected malaria Current fever or history of fever within the 
past 48 hours (with or without other 
symptoms such as nausea, vomiting and 
diarrhea, headache, back pain, chills, 
muscle pain) 
To confirm a case of malaria: Positive 
laboratory test for malaria parasites 
(blood film [thick or thin smear] or rapid 
diagnostic test) 
Uncomplicated malaria: Fever and no general 
danger signs such as lethargy or 
unconsciousness, convulsions, or inability 
to eat or drink. Where possible confirm 
malaria with laboratory test 
Severe malaria: Fever and general danger 
signs (lethargy or unconsciousness, 
convulsions, or inability to eat or drink)

Twice the mean 
number of 
cases seen in 
the previous 
3 weeks for a 
given location

Active fever finding and 
specimen collection 
for laboratory 
confirmation

201,525 (3.6%) 1 (0.8%)

Suspected measles Fever and maculopapular rash 
(i.e., nonvesicular) and cough, coryza 
(i.e., runny nose) or conjunctivitis (i.e., red 
eyes) or any person in whom a clinical 
health worker suspects measles infection 
To confirm a case of measles: Presence of 
measles‐specific immunoglobulin M 

One case Immediate 
investigation and 
active case finding in 
coordination with the 
national immunization 
program

60 (<0.1%) 7 (5.4%)

See table footnotes on page 1006.
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TABLE 2. (Continued) Disease Early Warning System priority conditions, alert criteria, number of cases, and disease alerts — Pakistan, 
July 29–September 15, 2010*

Disease Case definition Alert criteria Action suggested

Total visits 
(N = 5,618,902)

Disease alerts 
(N = 130)

No. (%) No. (%)

Diseases requiring notification and investigation

Suspected meningitis Sudden onset of fever (>101.3°F [>38.5°C]) 
with stiff neck. 
In patients aged <12 months, a suspected 
case of meningitis occurs when fever is 
accompanied by a bulging fontanelle 
Probable case of bacterial meningitis: 
Suspected case of acute meningitis, as 
defined above, with turbid cerebrospinal 
fluid (CSF) 
Probable case of meningococcal meningitis: 
Suspected case of acute meningitis, as 
defined above, and Gram stain showing 
gram-negative diplococcus or ongoing 
epidemic or petechial or purpural rash 
To confirm a case of meningococcal 
meningitis: Suspected case, as defined 
above, with either positive‐CSF antigen 
detection for Neisseria meningitidis or 
positive CSF or blood culture with 
identification of N. meningitidis

One case Reinforce appropriate 
case management; 
initiate investigation

4 (<0.1%) 2 (1.5%)

Acute flaccid paralysis 
(suspected 
poliomyelitis)

Acute flaccid paralysis in a child aged 
<15 years, including Guillain-Barre 
syndrome, or any acute paralytic illness in a 
person of any age in whom poliomyelitis is 
suspected

One suspected 
case

Case investigation and 
specimen collection 
for laboratory 
diagnosis

9 (<0.1%) 2 (1.5%)

Acute hemorrhagic 
fever syndrome

Acute onset of fever (duration of <3 weeks) 
and any of the following: hemorrhagic or 
purpuric rash, vomiting with blood, cough 
with blood, blood in stools, epistaxis, other 
hemorrhagic symptoms

Initiate verification and 
investigation as 
required

0 1 (0.8%)

Acute jaundice 
syndrome

Illness with acute onset of jaundice and 
absence of any known precipitating factors 
and/or fever

Three of more 
cases in one 
location

Initiate verification and 
investigation as 
required. Specimen 
collection for 
laboratory 
confirmation

189 (<0.1%) 0 —

Unexplained fever Fever (body temperature >101.3°F [>38.5°C]) 
for >48 hours and without other known 
etiology

One death or 
two times the 
mean number 
of cases of the 
previous 3 
weeks for a 
given location

Initiate investigation 327,453 (5.8%) 0 —

Unknown disease 
occurring in cluster

An aggregation of cases with similar 
symptoms and signs of unknown cause that 
are closely grouped in time and/or place

An aggregation 
of cases with 
related 
symptoms and 
signs of 
unknown cause 
that are closely 
grouped in time 
and/or place

Initiate verification and 
investigation 
as required

0 0 —

See table footnotes on page 1006.
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Editorial Note 

This report describes the implementation of a postdisaster 
DEWS in Pakistan. The challenges of DEWS implementa-
tion mirror those of other early warning alert and response 
network (EWARN) surveillance systems, which have been 
documented in many emergencies, including Sudan, Darfur, 
Haiti, and Pakistan, and discussed at two WHO technical 
workshops (9,10). 

The primary objective of an EWARN system is early detec-
tion of and response to epidemic-prone diseases. In a major 
emergency, EWARN systems should be implemented expedi-
tiously and should focus on that objective. Alerts of typically 
rarer diseases should trigger timely investigation and control 
measures. In practice, however, EWARN systems frequently 
include monitoring of other infectious diseases of public 
health importance, that occur more frequently, as they did in 
Pakistan. This is problematic because reporting of these more 

common diseases can overwhelm resources, negatively affect 
data quality, and potentially detract from outbreak detection. 

Existing nonemergency surveillance systems can be used to 
capture information on the more common diseases, or report-
ing from select sentinel sites might suffice to assess trends. In 
this case, reporting sites should be chosen based on reliability of 
reporting, representativeness, and other factors that maximize 
data quality and the ability to respond in a timely manner. 

Implementation and coordination of EWARN systems must 
be improved. Data collection forms with standardized case defi-
nitions should be developed in consultation with local partners 
to maximize acceptance and should be widely distributed in 
paper form and electronically. Systems should be designed to 
include available technologies (e.g., short message service data 
collection), but also have contingency plans should infrastruc-
ture fail. Multiple training sessions are required because of high 
staff turnover in emergencies. Local staff members should be 
trained to enter and analyze data and receive frequent feedback, 
so they can use the information they report for public health 
action and appreciate the benefits of reporting. 

In 2010, DEWS exemplified the value and challenges of 
early warning disease surveillance, and it was a functional 
system despite the massive scope of the emergency. In 2012, 
WHO released updated operational guidelines on EWARN 
implementation, based on evidence gained from prior imple-
mentations in Pakistan and other countries (1). These guide-
lines target many of the documented challenges of EWARN 
implementation. Further evaluations are needed to determine 
whether adherence to new guidelines results in improvements 
in the quality and usefulness of surveillance data. 

TABLE 2. (Continued) Disease Early Warning System priority conditions, alert criteria, number of cases, and disease alerts — Pakistan, 
July 29–September 15, 2010*

Disease Case definition Alert criteria Action suggested

Total visits 
(N = 5,618,902)

Disease alerts 
(N = 130)

No. (%) No. (%)

Other diseases of public health importance

Other diarrhea Acute diarrhea (passage of three or more 
loose stools in the past 24 hours) with or 
without dehydration, and which is not 
because of bloody or watery diarrhea

745,532† (13.3%) — —

Other diseases Including skin diseases, dog bites, snake 
bites, eye and ear infections, injuries, heat 
stroke, and other diseases

3,444,534 (61.3%) 1 (0.8%)¶

* Source: Outbreak surveillance and response, disease early warning system, flooding response in Pakistan, operational guidance, August 2010. Available at 
http://www.who.int/hac/crises/pak/pakistan_operational_guidance_flooding_august2010.pdf. 

† Diarrhea was reported as acute diarrhea, which included acute watery diarrhea and other diarrhea. 
§ Not specified.
¶ Leishmaniasis.

mailto:cshahpar@cdc.gov
http://www.who.int/hac/crises/pak/pakistan_operational_guidance_flooding_august2010.pdf
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Introduction 
Quality surveillance is critical to the control and elimina-

tion of vaccine-preventable diseases (VPDs). A key strategy for 
enhancing VPD surveillance, outlined in the World Health 
Organization (WHO) Global Framework for Immunization 
Monitoring and Surveillance (GFIMS) (1), is to expand and 
link existing VPD surveillance systems (particularly those 
developed for polio eradication and measles elimination) to 
include other priority VPDs. Since the launch of the Global 
Polio Eradication Initiative in 1988, the incidence of polio has 
decrease by 99% worldwide (2). A cornerstone of this success 
is a sensitive surveillance system based on the rapid and timely 
reporting of all acute flaccid paralysis (AFP) cases in children 
aged <15 years, with confirmatory diagnostic testing performed 
by laboratories that are part of a global network. As countries 
achieve polio-free status, many have expanded syndromic 
surveillance to include persons with rash and fever, and have 
built measles diagnostic capacity in existing polio reference 
laboratories. Acute meningitis/encephalitis syndrome (AMES)* 
and acute encephalitis syndrome (AES)† are candidates for 
expanded surveillance because they are most often caused by 
VPDs of public health importance for which confirmatory 
laboratory tests exist. Vaccine-preventable cases of encepha-
litis include approximately 68,000 Japanese encephalitis (JE) 
cases, resulting in 13,000–20,000 deaths each year in Asia (3). 
Moreover, although bacterial meningitis incidence in Asia is 
not as well-documented, pneumococcal and meningococcal 
meningitis outbreaks have been reported in Bangladesh (4) 
and China (5), and the incidence of Haemophilus influenzae 
type b (Hib) meningitis in children aged <5 years in India has 
been estimated to be 7.1 per 100,000 population, similar to 
that in European countries before the introduction of vaccine 
(6). This report describes a prototype for expanding existing 
polio and measles surveillance networks in Bangladesh, China, 
and India to include surveillance for viral and bacterial vaccine-
preventable causes of AMES and AES and presents data from 
2006–2008. 

Background 
AMES and AES surveillance rely on identification of persons 

presenting with a clinically compatible syndrome, collection 
and testing of specimens, and laboratory confirmation (7,8). 
During 2006–2008, Bangladesh and China introduced 
AMES surveillance, and India introduced AES surveillance. 
In all three countries, surveillance was initiated in areas with 
well-established AFP and rash/fever surveillance systems, high 
AFP performance indicators, no endemic polio transmission,§ 
and expressed interest by their ministries of health (MoHs) to 
introduce AMES/AES surveillance. 

Implementation 
Active AMES/AES surveillance was established at sentinel 

hospitals in three districts of Bangladesh (three sites), four pre-
fectures in four provinces of China (24 sites), and four states of 
India (four sites). Case investigations were conducted by polio 
and hospital surveillance medical officers (Bangladesh and 
India) and VPD surveillance staff (China). Blood and cerebro-
spinal fluid (CSF) were collected from patients at sentinel sites 
who had an illness that met the clinical case definition. Case 
investigation data were entered into standardized electronic 
data management systems that were developed separately for 
each implementing country. Every month, summary results 
were reported by the respective national program office to the 
MoH, which provided feedback to sentinel sites. 

The laboratory methods, staff, and equipment needed for 
JE diagnosis were similar to those used for measles testing, and 
JE testing was conducted by the global polio/measles network 
laboratories and staff members. JE was diagnosed by detect-
ing anti-JE virus immunoglobulin M (IgM) in CSF or serum 
by IgM-capture enzyme-linked immunosorbent assay at the 
National Institute of Public Health (Bangladesh), the Chinese 
Center for Disease Control and Prevention (CCDC) prefectural 
laboratories (China), and sentinel hospital laboratories (India). 

Because considerable personnel, procedural, and specimen-
processing differences exist between indirect viral assays and 
bacterial cultures, bacterial testing was difficult to establish in 
the polio/measles viral laboratories. Bacterial culture, Gram 
stain, and latex agglutination (LA) were performed at sentinel 
hospital laboratories in Bangladesh and China for bacterial 

Expanding Poliomyelitis and Measles Surveillance Networks to Establish 
Surveillance for Acute Meningitis and Encephalitis Syndromes — 

Bangladesh, China, and India, 2006–2008 

* An acute febrile illness with at least one of the following: altered mental status, 
new-onset seizures, or signs of meningeal irritation in a person of any age at 
any time of year. 

† An acute febrile illness with at least one of the following: altered mental status 
or new-onset seizures in a person of any age at any time of year. 

§ Endemic polio transmission was occurring in India; however, the states selected 
for AES surveillance had no ongoing transmission. 
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(i.e., Neisseria meningitidis, Streptococcus pneumoniae, and 
Hib) meningitis etiologies (Figure). When specimens were 
adequate, real-time polymerase chain reaction (rt-PCR) for 
Hib, S. pneumoniae, and N. meningitidis was performed on 
CSF or serum (or both) at CDC (Bangladesh) and on CSF at 
the CCDC provincial laboratories (China). CDC provided 

training, reference strains, and proficiency panel testing for 
quality assurance and quality control (QA/QC). 

During 2006–2008, a total of 4,197 AMES/AES patients 
were reported from Bangladesh (n = 632), China (n = 2,815) 
and India (n = 750). For ≥90% of these, specimens were tested 
in the AMES/AES laboratory network (Table 1). 

Sentinel site hospital
Case identi�cation, reporting, and investigation

Specimen collection (CSF and blood)

National program o�ces
Epidemiologic and laboratory data (analyzed and disseminated)

Sentinel hospital laboratories
Bacteriology:
• Culture
• Gram stain
• LA

Regional reference laboratory for SEAR 
(NIMHANS) in Bangalore, India
• JE IgM ELISA and PRNT
• rt-PCR test for Hib, Sp, and Nm
• JE pro�ciency panel preparation

National laboratory
(Institute of Public Health)
• JE IgM ELISA

CDC global 
specialized laboratories 
(technical support)
•  Viral JE
   o  IgM ELISA
   o  PRNT
   o  Pro�ciency panel 
        preparation and analysis
• Bacterial (Hib, Sp, and Nm)
   o  Culture, Gram stain, and LA
   o  rt-PCR*

Sentinel hospital laboratories
Bacteriology:
• Culture
• Gram stain
• LA

China (24 sites) Bangladesh (3 sites) India (4 sites)

CCDC prefecture laboratories 
• JE IgM ELISA

CCDC provincial laboratories 
• JE IgM ELISA
• rt-PCR test for Hib, Sp, and Nm

CCDC national laboratories 
   (QA/QC)
• JE IgM ELISA and PRNT
• rt-PCR test for Hib, Sp, and Nm
• JE pro�ciency panel preparation

Sentinel hospital laboratories
• JE IgM ELISA

Specialized function
performed

Only specimens requiring
special testing or QA/QC 
referred

All specimens referred

Abbreviations: AMES = acute meningitis/encephalitis syndrome; AES = acute encephalitis syndrome; CSF = cerebrospinal fluid; LA = latex agglutination; JE = Japanese 
encephalitis; IgM = immunoglobulin M; ELISA = enzyme-linked immunosorbent assay; CCDC = Chinese Center for Disease Control; rt-PCR = real-time polymerase 
chain reaction; Hib = Haemophilus influenzae type b; Sp = Streptococcus pneumoniae; Nm = Neisseria meningitidis; PRNT = plaque reduction neutralization test; 
QA/QC = quality assurance/quality control; WHO SEAR = World Health Organization South-East Asia Region; NIMHANS = National Institute of Mental Health and 
Neurosciences. 
* CDC performed rt-PCR on CSF/serum for detection of Hib, Sp, and Nm for Bangladesh.

FIGURE. Functions of various components of AMES/AES surveillance and laboratory networks — China, Bangladesh, and India, 2006–2008
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Comment 
Field surveillance, including case investigations, was well 

integrated into existing polio and measles surveillance activities, 
which historically have been conducted through the immuniza-
tion program in Bangladesh, China, and India. Other MoH 
departments had responsibility for JE surveillance (Bangladesh 
and India) and bacterial meningitis surveillance (Bangladesh, 
China, and India). 

AMES/AES viral laboratory testing for JE was integrated 
successfully into the polio and measles networks in all three 
countries. However, development of capacity for bacterial 
meningitis diagnosis proved to be more challenging (Table 2). 
Because hospitals have primary responsibility for conducting 
bacterial testing to determine appropriate treatment, hospital 
laboratories routinely process blood and CSF for bacterial 
culture, whereas specimens for viral testing are sent to a sur-
veillance reference laboratory (Figure). In many settings, CSF 
specimens were not collected or were collected after initiation 
of antibiotic therapy, and delays in processing, storage, and 
shipping affected culture results. In addition, although stan-
dard operating and QA/QC procedures exist for the polio and 
measles laboratory network, at the time of this activity, there 
were no established WHO-sponsored networks with standard 
operating and QA/QC procedures or an accreditation process 
for laboratories diagnosing bacterial diseases. Because hospital 
and public health bacteriology laboratories usually fall under a 
different jurisdiction than polio and measles surveillance refer-
ence viral laboratories, developing capacity in these laboratories 
requires building new relationships at national, provincial, 
and local levels. National bacteriology laboratories have not 
received the same level of attention and resources as have global 
surveillance networks for polio and measles. 

WHO’s global invasive bacterial vaccine-preventable disease 
(IB-VPD) surveillance and laboratory network was established 
in 2008 and is an important step towards providing the needed 
support, standardization, and quality assurance for bacterial 
testing in participating countries. 

To enhance detection of bacterial meningitis, efforts were 
made to standardize laboratory quality at the sentinel hospital 
laboratories and to establish standard operating procedures, 
QA/QC procedures, and reference testing for laboratory diag-
nosis of bacterial diseases. To compensate for the limitations 
of bacterial culture, where resources are available, rt-PCR can 
be used to enhance the sensitivity of laboratory-supported 
bacterial meningitis surveillance (9). 

Funding for surveillance often is disease-specific and time-
limited, and can result in multiple, parallel surveillance systems 
that compete for resources, are not adequately funded, and are 
not sustainable. As the number of diseases targeted by immu-
nization increases, the need for integrated surveillance systems 
also will increase (10). This effort to introduce AMES/AES 
surveillance was funded by CDC’s Division of Global Disease 
Detection and Emergency Response. 

This surveillance project represents the first effort to integrate 
surveillance for encephalitis and meningitis at the field and 
laboratory levels, capitalizes on the existing infrastructure and 
international investment in polio and measles surveillance, and 
should be considered one approach to implementing GFIMS. 
In China, the MoH assumed full funding of the project in 2010 
and has been sustaining AMES surveillance in four provinces 
since then. Since 2010, Bangladesh, using local and external 
resources, has expanded AMES surveillance to include an 
additional sentinel site, for a total of four sentinel sites. All of 
India’s AES surveillance sites have been sustained with local 
resources. Additionally, these sentinel sites are being integrated 
into the IB-VPD network as feasible. Lessons learned from 
this effort to integrate AMES/AES surveillance into existing 
VPD surveillance can inform planned integration programs 
in other areas. Successful implementation of GIFMS depends 
upon development of best practices, which can be applied to 
other integrated VPD surveillance projects. 

TABLE 1. AMES*/AES† case reporting and specimen collection, by selected characteristics — China, Bangladesh, and India, 2006–2008

Sentinel site Surveillance type Reporting period No. of cases reported

No. (%) of cases with specimen collected

Blood or CSF Blood CSF

China  AMES Sept 2006–Sept 2008 2,815 2,728 (97) 2,681 (95) 2,081 (74)
Bangladesh AMES Oct 2007–Aug 2008 632 569 (90) 622 (98) 447 (71)
India AES May 2007–April 2008 750 718 (96) 369 (49) 451 (60)

Abbreviations: AMES = acute meningitis/encephalitis syndrome; AES = acute encephalitis syndrome; CSF = cerebrospinal fluid. 
* Defined as an acute febrile illness with at least one of the following: altered mental status, new-onset seizures, or signs of meningeal irritation in a person of any age 

at any time of year. 
† Defined as an acute febrile illness with at least one of the following: altered mental status or new-onset seizures in a person of any age at any time of year. 
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TABLE 2. Elements of surveillance for AMES*/AES† surveillance and status of success in integration with polio and measles syndromic and 
laboratory surveillance — China, Bangladesh, and India, 2006–2008

Component Element

Successful integration of viral and JE surveillance Successful integration of bacterial meningitis surveillance

Yes No Reason (if no) Yes No Reason (if no)

Field surveillance Case definition √ √
Clinical presentation √ √
Case finding √ √
Clinicians √ √
Human resources √ √

Laboratories Equipment √ √ Different equipment
Testing methods √ √ Different tests
Technical capacity √ √ Microbiologist (no); Technician (no)
Specimens (Blood/CSF)

Type √ Blood (yes); CSF for polio/
measles (no)

√ Blood (yes); CSF (no)

Collection √ Different collection method √ Different collection method
Handling √ √ Different temperature and 

container requirements
Stability √ √ Bacteria (fastidious)

Data management Staff √ √
Software √ Different software (different 

variables)
√ Different software (different 

variables)
Hardware √ √
Data analysis √ √

Abbreviations: AMES = acute meningitis/encephalitis syndrome; AES = acute encephalitis syndrome; JE = Japanese encephalitis; CSF = cerebrospinal fluid. 
* Defined as an acute febrile illness with at least one of the following: altered mental status, new-onset seizures, or signs of meningeal irritation in a person of any age 

at any time of year. 
† Defined as an acute febrile illness with at least one of the following: altered mental status or new-onset seizures in a person of any age at any time of year.
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Erratum 

Vol. 61, No. 47 
In the report, “Take-Home Lead Exposure Among Children 

with Relatives Employed at a Battery Recycling Facility — 
Puerto Rico, 2011,” an error occurred on page 967 in the sixth 
sentence of the first paragraph. That sentence should read, 
“Eighty-five percent of vehicle dust samples and 49% of home 
dust samples exceeded the U.S. Environmental Protection 
Agency (EPA) level of concern of ≥40 µg/ft2 (430.6 µg/m2).” 
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Abbreviation: CHIP = Children’s Health Insurance Program. 

During 2009–2010, Medicaid or CHIP was the primary expected payment source for 50% of visits to an emergency department 
by persons aged ≤18 years, up from 34% during 2001–2002. During the same period, the percentage of visits with private 
insurance as the primary payment source decreased from 45% to 34%, and the percentage of visits with no insurance payment 
decreased from 11% to 8%. 

Source: National Hospital Ambulatory Medical Care Survey 2001–2010. Available at http://www.cdc.gov/nchs/ahcd.htm. 

Reported by: Michael Albert, MD, wmy1@cdc.gov, 301-458-4223; Linda F. McCaig, MPH. 
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