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ABSTRACTCatherine Haggerty, PhD, MPH 

CASE CLASSIFICATION OF 2014 LYME DISEASE REPORTS TO THE ALLEGHENY COUNTY HEALTH DEPARTMENT 

Lynda Jones, MPH
University of Pittsburgh, 2015




Lyme borreliosis is a tickborne infectious disease and is reportable at the national, state, and local level.  The Allegheny County Health Department receives reports of Lyme disease and cases are classified as confirmed, probable, suspect, or not a case based on CDC criteria.  Reports of Lyme disease in Allegheny County have increased four-fold in 2013 to 145 reports compared to yearly 2004-2011 reports, however it is unknown if reported cases translate to confirmed Lyme cases. In Lyme endemic Allegheny County, a confirmed case has either a physician-diagnosed erythema migrans or evidence of late clinical manifestations coupled with a positive laboratory test.  However, most reports are missing information required to classify cases. The objective of this project was to follow-up the reported cases to complete the necessary information to determine the proportion of confirmed cases among reports.  Providers were contacted and asked to complete a Lyme disease investigation form via phone interview or fax.  The follow-up process was performed for 105 reports received in Jan-May 2014. Obtaining adequate information for case classification was successful for 74/105 (70%) reports; 60 Allegheny County residents and 14 non-residents. Of 60 reports on Allegheny County residents, 18/29 (62%) of IgM positives, 6/8 (75%) of IgG positives, and 23/23 (100%) with clinical information only were classified as confirmed or probable.  Extrapolating from the number of unclassified initial reports may help to estimate the incidence of Lyme disease in Allegheny County if resources are unavailable for follow-ups.  This project has public health significance as calculating the proportion of confirmed and probable cases among reports received will determine resource allocation for Lyme disease surveillance, which is important for observing trends and targeting prevention efforts to reduce Lyme disease in Allegheny County.
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1.0 INTRODUCTION


Lyme disease is the most commonly reported vector-borne illness in the United States, with over 35,000 confirmed and probable cases reported to the CDC in 2013 [1].  The causal bacterial agent, Borrelia burgdorferi, sensu stricto is transmitted through Ixodes scapularis and Ixodes pacificus tick bite.  Borrelia burgdorferi sensu stricto is the full genospecies name of the Borrelia strain causing Lyme disease in the United States, shortened to B. burgdorferi from here on.  According to the CDC, transmission of B. burgdorferi from the tick to the vertebrate host mostly occurs within 36-48 hours following initial attachment [2], and the risk of acquiring Lyme disease is significantly higher when a tick is attached for longer than 72 hours compared to 72 hours or less [3].  However, the rate of transmission of B. burgdorferi during an individual blood meal in endemic areas is between 1.2% and 3% [4] [5].  Ticks reside mostly in low-lying vegetative areas, such as tall grasses and shrubs while waiting for host species to obtain a blood meal and advance to the next life stage.  
Although Lyme disease is mortality rate is low, serious complications such as Lyme carditis may result in death.  In 2012, three such cases were reported by the CDC [6].  Despite low mortality, Lyme disease is a significant public health concern as it can produce high morbidity.  Further, reporting has increased with 356 counties reporting ≥10 cases in 2012 as compared to 324 counties in 2008 [7].  Although it is possible that increased public awareness and testing for Lyme disease may partially explain this increase, it is also possible that the number and geographic spread of cases is truly on the rise.  Other methods can assist in determining trends in Lyme disease incidence and expanding geography, such as I. scapularis prevalence, B. burgdorferi prevalence among I. scapulars, and seroprevalence studies. 
Any method utilized to assess incidence and geographic expansion is subject to flaws.  Reporting can be increased due to awareness and studies of vector prevalence and tick infection rate are indirect measures.  Lyme disease is primarily diagnosed based on clinical presentation, as two thirds of Lyme patients experience erythema migrans (EM), or “bulls-eye” rash, developing an average of seven days following a tick bite [8].  Seroprevalence studies are difficult because antibody response is negligible during early Lyme disease when EM predominates diagnosis, and sensitivity of IgM and IgG Western blots increases with duration of illness [9], as well as lingering antibody responses resulting in seropositivity one year following treatment [10].  Furthermore, Western blots measuring acute antibody responses (IgM) are less sensitive compared to late antibody (IgG) response [9].  Although useful in a research setting, seroprevalence studies are not routinely performed in conjunction with surveillance so trends are not recorded.  Surveillance of vector populations can be beneficial, however, as these are potentially less biased compared to monitoring of Lyme disease estimates.
Pennsylvania does not currently utilize a tick surveillance program, however, the Ohio Department of Health has maintained a tick surveillance program for over 20 years despite being a non-endemic state.  The surveillance program has observed an increase in the number of I. scapularis from less than five ticks during 1983-2008 to 184 in 2011without attempting to control tick populations [11].  In Coshocton County Ohio, 530 nymphal or adult ticks have been isolated with 6.1% testing positive for B. burgdorferi by quantitative polymerase chain reaction (qPCR), with the authors noting that decreased budget cuts over time likely not resulting in increased attention to infected ticks[11].  

1.1 BURDEN OF LYME DISEASE
The public health impact of Lyme disease lies not only in the increasing number of counties where the disease is being reported, but also because the clinical manifestation can be ambiguous.  Approximately 80% of patients have erythema migrans (EM) or “bulls-eye” rash, making this the most distinguishable feature of the illness.  However, lesions are not always uniform and up to 60% of patients may display non-typical EM type rashes [12], making diagnosis more difficult.  The presentation of non-specific symptoms during initial infection such as fatigue, headache, dizziness, joint pain, and myalgia may also complicate diagnosis [13].  Furthermore, symptoms of Lyme disease can also mimic those of other tick-borne diseases, such as southern tick-associated rash illness (STARI) which is more common in the Southeast United States, from Amblyomma americanum ticks [14].  Because clinical presentation of Lyme disease can be vague, it is important to determine regions endemic to Lyme disease and ticks carrying B. burgdorferi to increase awareness of both clinicians and community members.  Tick surveillance is especially useful, as infection prevalence among ticks can be incorporated into risk models [15].  For example, I. scapularis sampling found 39% of adult ticks in the Southwest PA region harbored B. burgdorferi and less than 3% were found to be infected with bacteria causing other tick-borne illnesses using a combination of PCR/electrophoresis and qPCR analysis [16].  Surveillance of Lyme disease and tick infection can determine likelihood of Lyme in a given geographic area, which can reduce misdiagnosis and false positive laboratory results.   
In the United States, nationally reportable diseases to the CDC are determined jointly by the CDC and Council of State and Territorial Epidemiologists (CSTE) based on public health concern.  A total of 57 local, state and territorial reporting jurisdictions report information on incidence of reportable diseases through the National Notifiable Diseases Surveillance System (NNDSS), used to publish aggregate estimates through the Morbidity and Mortality Weekly Report (MMWR) [17].  Lyme disease has been a nationally reportable disease since 1991, and a reportable disease in Pennsylvania since 1987.  

1.2 LYME AS A REPORTABLE DISEASE
Prior to 2003, diseases reported in Pennsylvania, including Allegheny County were done using forms and sent by mail or fax.  Under 28 Pa. Code § 27.4, electronic disease reporting became mandatory through the use of the Pennsylvania National Electronic Disease Surveillance System (PA-NEDSS) by clinical laboratories.  Data is de-identified and transferred to CDC weekly for the MMWR.  Despite the length of time since its implementation, several entities still report diseases using forms.  There are many reasons for the continued use of paper reporting, as many individual practices use copies of outdated forms provided previously through the Allegheny County Health Department website, and are unaware and/or unwilling to utilize electronic reporting, which is not enforced.  The Pennsylvania Department of Health recommends that designated individuals from hospitals, laboratories, and physician offices act as reporters when cases of notifiable diseases arise.  Hospitals and laboratories tend to be more centralized with designated infection control personnel for notification of reportable diseases, whereas physician offices are vast, have varied management structures,  diverse knowledge of disease reporting, and responsibility ranging from a designated clinician to all staff members with regards to reporting duties. 
1.2.1 Lyme disease reporting in Allegheny County
Currently, cases of Lyme disease reported to the Allegheny County Health Department are received both electronically and as forms that are faxed.  Because forms used have been outdated for over a decade, there is often insufficient information and these cases are excluded from aggregate CDC data unless entered into PA-NEDSS by a staff member.  Testing from laboratories is often batched and frequently contains duplicates, which can be burdensome when reporting for a given disease is high.  There is also a discordance among laboratories and clinicians where reporting is concerned, because clinicians may assume the burden of reporting is solely on the laboratory and although this may be true for diseases where a laboratory result definitively leads to a case confirmation, some diseases, including Lyme disease require the confluence of clinical and laboratory information.  Despite legal obligation of health care practitioners and facilities to report suspected cases of reportable diseases, paper and electronic reports often contain only laboratory results, which creates difficulty in obtaining adequate information to determine case status for surveillance.
Despite the high number of cases of Lyme disease reported to Allegheny County Health Department (ACHD) in recent years, the actual number of confirmed cases has been difficult to ascertain due to the intense labor involved with tracking down information from incomplete lab reports and entering information from paper reports into PA-NEDSS.  To determine the status of Lyme disease in Allegheny County is important, however it is unrealistic to follow-up on every report received.  


1.3 PROJECT OBJECTIVE
The primary goal was to determine how many reports received were true cases, so that in future years the proportion of true Lyme cases can be extrapolated from the number of reports without following-up on each report while maintaining some sense of accuracy.   For this project, all paper reports received by the ACHD from January to July 2014 were selected to obtain follow-up information.  To obtain follow-up information, providers listed on the reports were contacted either by phone or fax and completed a short questionnaire relating to exact clinical symptoms, exposure information, and knowledge of any other laboratory results as many patients may have received more than one type of laboratory test.  The information was then compared to the CDC case classification algorithm to determine if a reported case was confirmed, probable, suspect, or not a case.    

















2.0 BACKGROUND OF THE LITERATURE

2.1 HISTORY OF LYME DISEASE
Lyme disease is named after Lyme, Connecticut where a group of children first experienced arthritis following appearance of a rash in 1972 [18].  It was not immediately known that Lyme disease was an infection caused by B. burgdorferi carried by ticks, although descriptive epidemiology helped to identify the vector-borne etiology of Lyme.  Many of the children experiencing the initial rash also recalled a previous tick bite occurring at the site of the rash, and ticks quickly became suspect after observing that most of the children also played in wooded areas during the summer months prior to disease onset [19].  It was not until 1982 that Willy Burgdorfer and colleagues were collecting Ixodes dammini (now known as Ixodes scapularis or blacklegged) ticks in Shelter Island, New York and found a spirochete in the gut of 61% (77/126) of the ticks collected using dark-field and electron microscopy and furthermore, the spirochete elicited an antibody response in rabbit serum following exposure to infected ticks [20].  This spirochete was named after Willy Burgdorfer and his contribution to the study of Lyme-carrying ticks [21].

2.2 LYME DISEASE GLOBALLY
Prior to 1982, Lyme disease was recognized as a possible tick-borne illness characterized and designated erythema chronicum migrans when it was first reported by Swedish dermatologist Arvid Afzelius in 1909 [22].  Throughout Europe it became recognized as an infectious disease with various manifestations, as case reports revealed patients experiencing a range of symptoms from joint pain and fatigue to meningitis.  The understanding of erythema chronicum migrans expanded when the subsidence of symptoms was observed following penicillin treatment in 1951 [23].  The term “erythema chronicum migrans” was used until 1986, when it was simplified to “erythema migrans” as a key defining symptom of Lyme disease [24].
The primary vector of B. burgdorferi in Europe is I. ricinus, whereas the most common vectors in the United States are I. scapularus and I. pacificus found primarily in the East and West, respectively.  There is also genetic variation among isolates of B. burgdorferi worldwide.  In 1992, Baranton and colleagues discovered genetic and phenotypic variation within B. burgdorferi isolates collected from Europe, and proposed B. burgdorferi sensu lato should be divided into three genospecies, B. burgdorferi sensu stricto, B. garinii, and a third group now known as B. afzelii [25].  The distinction of genospecies is also related to expression variation primarily in three outer surface proteins: outer surface protein (Osp) A, B, and C and OspA serotypes are phenotypically distinguished among genospecies of Borrelia; serotype 1 is related to B. burgdorferi sensu stricto, serotype 2 is related to B. afzelii and serotypes 3-8 are related to B. garinii [26].  This distinction is important, as OspA protein was the target of the Lyme disease vaccine LYMERix, and OspC protein expression is analyzed on IgM Western blot for diagnosis.  Although Lyme disease vaccines no longer exist, the ospc region is still studied for the possible development of new assays, and there is variation among B. burgdorferi isolates.  For example, in skin and blood samples taken from 374 patients with EM rash from a practice in New York, 16 ospC genotypes were found in clinical isolates, with ospC genotypes I, B, I and K producing >80% of invasive disease [27].  Variation related to Lyme disease exists within B. burgdorferi as well as among other Borrelia species.  Since the initial discovery of B. burgdorferi, 18 species of Borrelia have been isolated and characterized from North America, Europe, and Asia, although only B. burgdorferi, B. garinii, and B. afzelii are known to produce infection (Table 1) [28].  Research of new B. burgdorferi genospecies is ongoing, as recently two novel species have been isolated, B. finlandensis from a I. ricinus tick in Finland [29], and B. chilensis from I. stilesi ticks in Chile[30].  
Table 1: Borrelia species, vector, reservoir and geographic distribution, adapted from Rudenko et al. [28]

	Borrelia species 
	Vector
	Reservoir
	Geographic distribution

	B. afzelii
	I. ricinus, I. persulcatus
	Rodents
	Asia, Europe

	B. americana
	I. pacificus, I. minor
	Birds
	Unites States

	B. andersonii
	I. dentatus
	Cotton tail rabbit
	United States

	B. bavariensis
	I. ricinus
	Rodents
	Europe

	B. bissettii
	I. ricinus, I. scapularis, I. pacificus, I. minor
	Rodents
	Europe, United States

	B. burgdorferi 
	I. ricinus, I. scapularis, I. pacificus
	Rodents, birds, lizards, large mammals
	Europe, United States

	B. californiensis
	I. pacificus, I. jellisonii, I. spinipalpis
	Kangaroo rate, mule deer
	United States

	B. carolinensis
	I. minor
	Rodents, birds
	United States

	B. garinii
	I. ricinus, I. persulcatus, I. hexagonus, I. nipponensis
	Birds, lizards, rodents
	Asia, Europe

	B. japonica
	I. ovatus
	Rodents
	Japan

	B. kurtenbachii
	I. scapularis
	Rodents
	Europe, United States

	B. lusitaniae
	I. ricinus
	Rodents, lizards
	Europe, United States

	B. sinica
	I. ovatus
	Rodents
	China

	B. tanukii
	I. tanuki
	Unknown
	Japan

	B. turdi
	I. turdus
	Birds
	Japan

	B. spielmanii
	I. ricinus
	Rodents
	Europe

	B. valaisiana
	I. ricinus, I. granulatus, 
	Birds, lizards
	Asia, Europe

	B. yangtze
	Haemaphyalis longicornis, I. granulatus
	Rodents
	China

	Genomospecies 2
	I. pacificus
	Unknown
	United States



The importance of genetic characterization of Borrelia genospecies has also been associated with specific symptoms of the clinical spectrum of Lyme disease; for example, in a study of twenty-eight isolates collected worldwide of B. burgdorferi was associated with EM rash and neuroborreliosis, while EM rash and acrodermatitis chronica atrophicans (ACA), or late-stage rash is more commonly associated with B. afzelii [31].  Furthermore, this variation has important considerations in the context of any further pathological or clinical research.  Although it is worth noting the species variation of Ixodes and Borrelia and clinical presentation, for the purposes of this paper the context of Lyme disease surveillance will be primarily focused on the eastern North American tick, I. scapularis and Borrelia burgdorferi.

2.3 TICK LIFE CYCLE
When studying vector-borne diseases, it is important to consider all aspects of the disease cycle including the agent, vector, reservoir, host, and anything that can affect this cycle which includes altitude, climate, seasonality, and habitat, among others.  The life cycle of I. scapularis is two years and consists of life stages egg, larva, nymph, and adult; larva hatch and feed in early autumn then morph into nymphs over winter, nymphs feed later spring through most of summer then morph into adults by fall, and finally adults look for feeding from late fall to early spring the following year and females lay eggs in early summer [32].  Following the egg stage, the tick must maintain a blood meal to advance to the next life stage.  Ticks are not born harboring B. burgdorferi; it is transmitted from a reservoir species during feeding, therefore there is an opportunity to acquire it at the larva, nymph or adult stages, and once infected, the spirochete remains after morphing into an advanced life stage, but it is not transmitted to eggs (Figure 1).  Most cases of Lyme disease occur throughout the spring and summer, which is an opportune time for I. scapularis, as the dominant life stage is the nymph, which has already had an opportunity to acquire the infectious agent and is also much smaller than adult ticks.  

[image: ]
Figure 1: Two year life cycle of I. scapularis consisting of three stages: larva, nymph and adult

2.4 RESERVOIRS OF BORRELIA
The reservoir species utilized for feeding depends on the life stage of I. scapularis, where small mammals and birds are often relied on as hosts during earlier stages and large mammals such as deer and sometimes bears in adulthood.  Host species of I. scapularis have been well summarized and include a wide range of documented hosts where feeding ticks have been isolated including several species of small rodents and birds, foxes, skunks, and raccoons as well as larger mammals such as dogs, cats, black bears, white-tailed deer and horses [33].  Although there is a wide range of host species for each life stage, some species appear to be more crucial than others in maintaining transmission of B. burgdorferi to uninfected ticks.  All host species that are parasitized by ticks are not created equal in terms of effectively transmitting the bacteria to a feeding tick, a concept known as reservoir competence which has been described as involving two factors: ability of host to become infected by a feeding tick carrying B. burgdorferi and the ability of a spirochete-naïve tick to acquire bacteria from host through feeding [34].  
The white-footed mouse, ubiquitous throughout the United States and found in every habitat from farm areas to dense forests is considered the most competent reservoir for larval and nymph stage ticks because up to 80% of ticks will acquire B. burgdorferi during a blood meal [35].  However, it should be noted that the frequency of I. scapularis infection decreases as the duration since initial infection decreases in the white-footed mouse, as it has been shown that mice infected in the previous three weeks infected 100% of ticks while mice infected in the previous month only infected 85% of ticks and infection duration of mice was six months [36].  Not only host species, but spirochete genotype is also important when considering transmission dynamics.  Kurtenback et al. have proposed that reservoir competence varies by genotype, and while B. gariii (OspA serotypes 3, 5, 6, and 7), B. valaisiana, and B. turdi are more adapted in birds, B. garinii (OspA serotype 4), B. afzeli, B. bissette, and B. japonica are better suited for small mammals, and B. burgdorferi is not specialized and has a variety of reservoir competent hosts [37].  
2.4.1 Transmission dynamics of reservoir species
The variability of reservoir competence is an important field of study, as it is crucial to identity host species requiring population control to prevent the spread of Lyme disease.  Contrary to studies assessing only the ability of a reservoir to transmit B. burgdorferi to immature ticks, research looking at proportion of ticks infected by a particular host has shown that the white-footed mouse may not be a principle host, and that over 50% of infected nymphs collected from representative northeastern sites acquired Lyme bacteria through short tailed and masked shrews combined compared to 25% of nymphs infected through mice [38].  
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Songbirds and migratory birds may also be critical for maintaining B. burgdorferi in tick populations, and are currently an important topic of study.  For example, American robins have also demonstrated high transmissibility, as over 90% of ticks became infected after feeding in a one-month period, however infectivity declined after only 3 months [39].  This study indicates infectivity and transmissibility are not the only variables for consideration when classifying as a competent reservoir, but duration of B. burgdorferi infection in the reservoir is also important.  In a review of articles summarizing the studies performed on determining which birds are efficient reservoirs, RJ Brinkerhoff et al. found that the northern cardinal and the veery had the highest reservoir competence (proportion of infected larvae) when compared to eight other American bird species including the American robin, but pointed out that even with a high reservoir competence birds have a minimal role in Lyme disease if ticks feeding from birds do not go on and transmit B. burgdorferi to small mammals [40].  However, it is difficult to study and determine if larva infected by birds survive and infect small mammals as nymphs to maintain B. burgdorferi as well as if infected nymphs are in areas with large mammals to support tick life cycle.  Large mammals such as deer are incompetent reservoirs and do not support spirochete expansion [41], however are important in supporting tick propagation as deer act as the terminal blood meal prior to egg-laying.  The role of host species in supporting I. scapularis and transmission dynamics of B. burgdorferi are important to understanding reasons behind high prevalence of Lyme disease in endemic areas and how geographic expansion of Lyme may occur in the presence of climate change and also as targets for prevention.

2.5 CASE DEFINITIONS OF LYME OVER TIME
In 1982, the CDC set up a systematic method for collecting surveillance information on reported Lyme disease cases by sending letters to state health departments and laboratories and utilized the following case definitions: (1) confirmed case having been exposed in endemic area within 30 days of EM rash occurrence or no endemic exposure but having EM rash and involvement of at least two of neurologic, cardiac, or joint systems; (2) probable case having been exposed in endemic area and no EM rash, involvement of two organ systems, or one organ system with known history of tick bite, or no exposure in endemic area and EM rash [42].  With the initiation of a reporting system, an endemic area was defined as counties up to two counties away from a county reporting a definite case and non-endemic areas were considered as greater than two counties separated from a definite case [42].  Interestingly, the first known case of Lyme disease occurred in Pennsylvania in 1982 near Lake Erie marking the year PA first became classified as endemic, suggesting possible transmission from Canada; the highest number of definite cases were reported from New York (170), Connecticut (135), Wisconsin (58), New Jersey (57), Rhode Island (29), and Minnesota (22) [42].
Beginning in 1984, laboratory testing for antibodies using enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescence assay (IFA) was incorporated into the case definition [43], which is used today as the first tier of a two-tier laboratory method for diagnosis.  During the period of 1983-1986, 19 states reported cases that had not during 1982 [44].  Over a decade later in the years 1992-1998, 49 states had  confirmed cases of Lyme disease reported to the CDC and incidence increased from approximately 10,000 in 1992 to over 16,000 in 1998, a sharp increase since the implementation of reporting in 1982 [45].  From the incorporation of the ELISA/IFA test in 1984, there have since been three changes in the laboratory aspect of case definition of Lyme disease (Table 2).  
In 1990, a confirmed case was classified as either having EM or a late manifestation with laboratory confirmation; late manifestation including joint swelling, meningitis, facial palsy, or atrioventricular block and laboratory confirmation expanded to include specific IgM and IgG antibodies, but did not specify Western blot testing following a positive ELISA/IFA test [46].  While ELISA/IFA quantitatively assess serum antibodies, Western blot testing is a qualitative tool to interpret reaction with specific antigens of B. burgdorferi.  Case definitions for Lyme disease have changed in 1996, 2008, and 2011 based on new approaches to laboratory criteria.  Prior to 1996, laboratory criteria included either culture of B. burgdorferi, diagnostic levels of IgM and IgG antibodies in serum or cerebral spinal fluid (CSF), or a change in IgM and IgG in paired acute and convalescent (post treatment) phase serum samples [46].  In 1996,; paired serum samples testing for IgM to IgG over time were removed from the criteria, and a recommendation of a two-tiered testing system using ELISA/IFA test prior to IgM or IgG Western blot was suggested, although not required for case confirmation [47]. 










Table 2: Summary of CDC laboratory criteria for Lyme disease up to 1995, 1996, 2008, and 2011

	Year
	Laboratory Criteria

	Up to 1995
	Isolation of B. burgdorferi from clinical specimen OR diagnostic levels of IgM and IgG in serum/CSF OR significant change in IgM or IgG response in paired acute/convalescent phase serum samples

	1996-2007
	Isolation of B. burgdorferi from clinical specimen OR diagnostic levels or IgM or IgG in serum/CSF with the recommendation of using two-tier approach using ELISA/IFA prior to Western blot

	2008-2010
	Positive culture for B. burgdorferi OR two-tier testing IgM/IgG OR single-tier IgG

	2011-present
	Positive culture for B. burgdorferi OR two-tier testing IgM/IgG where IgM is only valid if sample taken ≤ 30 days of symptom onset OR single-tier IgG OR ELISA/IFA titers higher in CSF compared to serum



In 2008, initial  ELISA/IFA testing became a mandatory aspect of the laboratory criteria for the case definition prior to IgM , but not for IgG Western blot[48].  The most recent case definition was implemented in 2011, and provides an even more specific laboratory criteria in addition to culture and single-tier IgG (meaning no ELISA/IFA prior to antibody test), IgM testing with prior ELISA/IFA is only valid as a surveillance criteria when samples are collected up to and including 30 days following onset of symptoms, and also includes ELISA/IFA testing of both serum and CSF with higher titers in CSF compared to serum [49].  Even with the ongoing restriction in case criteria Lyme cases have been steadily rising, and although there have been advancements in laboratory testing, clinical assessment is still required to be considered a confirmed case.  One difficulty in ascertainment of Lyme disease by laboratory testing only is individuals may continue to suffer ongoing late manifestations and exhibit positive laboratory results, even with treatment, known as post-treatment Lyme disease syndrome.  

2.6 EVALUATION OF CLINICAL AND LABORATORY CRITERIA
According to the 2011 case definition, a confirmed case demonstrates EM with known exposure, EM without known exposure but with laboratory confirmation, or late manifestation with laboratory confirmation.  The 2011 laboratory criteria state that the following are acceptable: (1) positive culture for B. burgdorferi, (2) two tier criteria using ELISA/IFA followed by IgM western blot ≤ 30 days prior to symptom onset or IgG western blot, (3) single-tier criteria using IgG western blot, or (4) ELISA/IFA test in CSF compared to serum and having higher titers in CSF compared to serum [49].  For surveillance purposes, IgM western blot should be positive if two out of the three following bands are present: 24 kDa (OspC), 39 kDa (BmpA), and 41 kDa (Fla) and IgG western blot should be considered positive if five of the following ten bands are present: 18 kDa, 21 kDa (OspC), 28 kDa, 30 kDa, 39 kDa (BmpA), 41 kDa (Fla), 45 kDa, 58 kDa, 66 kDa, and 93 kDa [50].  The purpose of the relatively newly implemented laboratory criteria is to avoid false positive results if IgM is performed later in the infection or in conjunction with vague clinical symptoms such as fatigue.  The laboratory criteria are also restricted to the use of specific assays, as there are many Lyme disease tests available in the market that are not FDA approved [51].
Although clinical criteria for the Lyme disease case definition have remained relatively the same since the initiation of reporting approximately 30 years ago, laboratory advancements have engendered the change in case definition is 1990, 1996, 2008, and 2011.  Laboratory criteria are crucial to the case definition of Lyme disease because it plays an important role in the 20-30% of patients not experiencing the characteristic EM rash for both diagnosis and surveillance.  Additionally, patients experiencing early EM stage are likely to have negative laboratory results [10], thereby making it illogical to perform serological testing and placing the responsibility of reporting solely on clinicians.  
Laboratory testing has varied effectiveness depending on the stage of the disease.  The following recommendations for testing are divided among the stages of Lyme disease: (1) early stage is a single EM rash; (2) early disseminated includes multiple EM, meningitis, radiculopathy, facial palsy, and carditis; (3) late stage is arthritis and neurological symptoms [52].  A prospective study tested patients in various stages of Lyme disease found that sensitivity and specificity of IgM and IgG Western blot testing varied depending on the stage: when single or multiple EM rashes were present, the sensitivity/specificity of IgM were 25/99% and IgG were 11/99% in acute phase; when neurological or cardiac symptoms were present (early disseminated stage), both IgM and IgG were 85/99%; in late phase IgG was 100/99% [53].  This indicates that laboratory testing is ideal for advanced disseminated infections compared to early-stage infections where diagnosis and surveillance based on physical appearance of EM rash(es) makes more sense, as there is insufficient time for the accumulation of an antibody response.  
Although serological testing is beneficial for case confirmation among patients with late manifestations, reinfected cases demonstrate similar serological results compared to initial infection, therefore reinfection is characterized by a single new EM lesion, representing a different tick attachment location [54].  Because humans are unlikely to change their interaction with the environment following a diagnosis of Lyme, reinfection can happen, although reinfection rates are not routinely collected by health departments.  Immunity to B. burgdorferi does not develop following infection, an occurrence similar to the spirochete-caused syphilis [55].  Individuals receiving the LYMErix vaccine experience similar vulnerability to those not vaccinated, as the vaccine was removed from the market in 2002, and yearly boosters would have been required to uphold immunity [56]

2.7 PREVENTION AND TREATMENT
The prevention of Lyme disease involves limiting exposure to areas where ticks are abundant, and at the community level limiting the number ticks and host species with high reservoir competence.  This includes using insect repellent, wearing clothing to allow skin to remain unexposed, and checking daily for ticks as removing ticks in a timely manner is important for Lyme disease prevention; as well as removing leaf litter, using tick-specific pesticides, and use of a wood chip barrier against wooded areas [57].  The CDC recommends use of tick repellents that contain 20-30% DEET and wearing clothing containing permethrin and showering immediately after spending time in a wooded area and drying clothes on high heat for approximately an hour [58].  However, an analysis of 709 Lyme cases and 1,128 age and location matched controls in Connecticut found reported use of protective clothing (long-sleeve shirts and long pants) was 40% less likely in cases compared to controls [OR 0.6, 95% CI (0.5-0.7), p < 0.001], and reported use of chemical repellents was 20% less likely [OR 0.8, CI (0.6-0.99), p = 0.0499], suggesting individual protective measures may prevent Lyme infection [59].  However, no difference was observed for tick-checking and pesticide use  [OR 1.0, CI (0.8-1.4), p = 0.81] and [OR 0.6, CI (0.3-1.0), p = 0.06][59].  Although use of protective clothing was found to be most effective at the individual level, methods of controlling the tick population at the community level, such as pesticides targeted toward arachnids may reduce Lyme disease incidence.  For example, in a study comparing nymph density among pesticide treated versus control residential properties, there was between a 67.9% to 97.4% nymph reduction in treated properties and most importantly, a single treatment administered in spring was required for a reduction in nymphs throughout the summer [60].  
Additionally reservoir and host species have been the target to intervene in the tick life cycle, which have had varied effectiveness.  Recently, a study assessing the effectiveness of an oral bait containing a Lyme disease vaccine in the white-footed mouse was published and the results were promising; there was a 23% reduction among infected nymphs at two years and a 76% reduction at five years, indicating oral baiting for reservoir species could be impactful in high incidence areas [61].  
There are currently no vaccines available for the prevention of Lyme disease in humans.  In 1998, SmithKline Beecham (now GlaxoSmithKline) licensed the first Lyme disease vaccine LYMErix protective against B. burgdorferi only (no other genospecies), however it was withdrawn from the market in 2002 for a variety of reasons, including hypothesized excess risk of adverse effects, low demand and support, and ultimately decreased sales [62].  Additional issues regarding LYMErix involved <80% efficacy [63], the need for three doses in the first year and possible boosters, and the dearth of studies in children [56].
Treatment for Lyme disease is relatively straightforward; the Infectious Diseases Society of America has slightly varied treatment recommendations depending on age and symptoms: (1) erythema migrans should be treated with oral doxycycline, amoxicillin, or cefuroxime axetil for 14 days; (2) meningitis and early neurological symptoms should be treated with intravenous ceftriaxone for 14 days or a higher dose of oral doxycycline if not contraindicated; (3) lyme carditis patients should be given oral or parenteral antibiotics for 14 days with hospitalization; (4) Lyme arthritis also requires oral antimicrobial treatment for 14 days however an additional 2-4 weeks of antibiotics is recommended for patients with unresolved arthritis; (5) post-Lyme disease patients currently have no guidelines as this topic is relatively new and does not have adequate research for definitions and treatment, however the ISDA guidelines are not to provide antibiotics for more than six months as there is likely no benefit beyond this point [52].  Less than 10% of individuals demonstrate objective manifestations following standard treatment; requiring a longer duration of antibiotic therapy, most likely due to presence of other tickborne infections or unrecognized CNS infection [64]. 

2.8 POST-TREATMENT LYME DISEASE
Post-treatment Lyme disease, also known as chronic Lyme disease is a controversial topic because it is poorly defined.  It is acknowledged by the CDC as experiencing fatigue, pain, and/or body aches following recommended antibiotic treatment, and occurs in 10-20% of patients following treatment [65].  Individuals seeking treatment for ongoing symptoms are important because it can be difficult to differentiate with true Lyme cases without performing follow-up with clinicians, mostly because laboratory results may indicate a positive IgM or IgG but there are no symptoms in the case definition that fit the criteria for classification.  Indeed, it has been shown that IgM and IgG responses can persist for decades even with treatment [66].  Although individuals with post-treatment Lyme disease can be excluded from Lyme disease case classification, this can only be done with clinician follow-up and not by relying on laboratory reports alone. 



2.9 SURVEILLANCE TRENDS IN LYME DISEASE
Nationally, Lyme disease is the most common tick-borne illness as there are over 30,000 cases reported to the CDC annually, with the true number of cases estimated at between 3-12 times higher based on supplemental studies conducted by the CDC analyzing medical claims data, clinical laboratory surveys, and self-reported surveys [67].  Pennsylvania alone has reported over 3,000 cases each year, and the incidence of Lyme disease in 2013 was 39 per 100,000 people based on confirmed cases [68].  County level data provided by the CDC reveals there were 73 total confirmed cases in Allegheny County reported between 2007 and 2011 through the National Notifiable Diseases Surveillance System (NNDSS), although probable, suspect, or reported cases resulting in other diagnoses are not provided [68].  Given that the Allegheny County Health Department receives hundreds of laboratory reports each year, this is likely a gross underestimate of the number of confirmed cases in the county.  Laboratory reports only contain serology results, and public health workers must either perform active surveillance to retrieve clinical information or classify the case as suspect.  Understanding of the reporting process in Allegheny County reveals how confirmed cases are determined and questions if incidence can be estimated by reported cases only compared to the labor required to classify and report confirmed, probable, or suspect cases of Lyme disease.






2.10 REPORTING PROCESS IN PENNSYLVANIA
For all reportable diseases in Pennsylvania, the Pennsylvania National Electronic Disease Surveillance System (PA-NEDSS) is used which transfers data to the CDC NNDSS so that county, state, and nationwide estimates of disease count and rate can be aggregated and disseminated by the CDC.  PA-NEDSS was initiated in 2003 following the development of 28 Pa. Code Chapter 27, Subchapter B requiring all reporting of diseases (with the exception of a select few involving congenital, infant onset diseases or conditions, and cancer).  Public health professionals, laboratories, and licensed physicians can be permitted access to PA-NEDSS through the state.  For every hospital, physician office, and laboratory there is a contact person that enters all required clinical and/or laboratory information into the database.  Hospitals utilize infection control practitioners for this responsibility, laboratories usually assign reporting duties to a laboratory director, and for physician offices it may vary depending on how the organization is structured.  Hospitals and laboratories are usually large, centralized entities and patient information and lab results are almost always entered into PA-NEDSS.  There are, however, hundreds of physician offices made up of different sizes and specialties, and many are unaware of the mandatory electronic reporting process and therefore either do not report notifiable diseases or use outdated paper forms that are faxed to the health department with inadequate information.  This creates difficulty in obtaining patient information for all reportable diseases, including Lyme disease.  Ideally, physicians and hospitals would enter clinical information for a given patient and laboratories would enter test results into PA-NEDSS so public health professionals can classify cases as confirmed, probable, suspect, or not a case, then look for geographical or temporal trends if necessary and this would ensure that sufficient information could be transferred to the CDC for more realistic disease estimates.  For Lyme disease cases, almost all information in PA-NEDSS is either a test result or the most severe cases as indicated by report completion by hospital infection control practitioners.  
Furthermore, there are many practices that still send information through the use of paper reports.  For this project, laboratory reports sent by paper for the months of January through April of 2014 by Quest Diagnostics® Pittsburgh and universal reportable disease forms found on the ACHD website prior to initiation of electronic reporting were used, which contain open ended questions about demographics, signs, symptoms, and laboratory results.  These forms contain often contain vague, missing, or incomplete information, as forms are not specified for any particular reportable disease.  Paper reports received with vague clinical information (e.g. rash and fatigue) were followed-up to determine if there was a physician diagnosed erythema migrans ≥ 5cm and if laboratory testing was done that was not reported on the initial form.  Together, the objective of this project was to determine if cases reported to the ACHD could be sufficient to estimate the incidence of Lyme disease, as obtaining sufficient information for case classification is not practical for all reported cases.  The results presented here are a small subset, as this was a large project requiring further work upon conclusion of this first set of data.  













3.0 METHODOLOGY

To perform active surveillance on incomplete reports received by the ACHD in 2014, paper reports received in January –August 2014 were reviewed and sorted by information given: laboratory IgM, laboratory IgG, and clinical information only.  Duplicates were identified and removed.  Upon reviewing the reports to determine information needed for classification, a form was created to standardize collection of follow-up data and accurately classify possible cases by CDC criteria.  The follow-up data collection form contained four sections: (1) demographic information, (2) clinical symptoms, (3) exposure history, and (4) laboratory information (Figure 2).  
Patient addresses were important to determine county of residence, as well as specific clinical information with dates as information received through passive surveillance is often vague.  Clinician information was obtained either through contact information given on the report or internet search if no contact was provided.  To expedite the follow-up process, phone and fax were both utilized to contact providers for follow-up information.  Once a form was returned or an interview was completed, cases were classified as (1) confirmed, (2) probable, (3) suspect, or (4) not a case.  Chi-square test was used to determine association between category of report (clinical versus laboratory and IgM versus IgG) and case classification (confirmed/probable versus suspect/not a case).  Information obtained through follow-up form was then entered into PA-NEDSS, where data is eventually transferred to the CDC for weekly incidence estimates.
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Figure 2: Lyme disease investigation form to collect follow-up data












4.0 RESULTS

4.1 RESPONSE RATE
Out of the 105 paper reports received January-August 2014, none could be classified as confirmed or suspect cases, and 74 (70%) were able to be classified based on follow-up information after a single attempt (within approximately a week), which included either speaking to a clinician in person and who took a message and never returned call with follow-up information, or leaving a voicemail with clinician at a given practice.  All forms returned were completed and contained sufficient information for case classification.  Out of the 74 paper reports for which follow-up information was received, 60 (81%) were Allegheny County residents.  

4.2 LABORATORY VERSUS CLINICAL REPORTS
Prior to contact with providers, all paper reports contained either vague clinical information, IgM, or IgG laboratory information.  These paper reports could not be classified as confirmed or probable, and a Lyme disease specific form was created to standardize collection of follow-up data to obtain information needed for case classification. 
Out of the 60 initial reports received concerning Allegheny County residents, 37/60 (62%) total were laboratory reports, and the remainder were from individual physician practices.  Overall, reports from physician practices were more likely to be classified as confirmed or probable cases compared to laboratory reports after collecting follow-up data using the standardized Lyme disease report form. Of 37 laboratory reports, 24 (73%) were classified as confirmed or probable cases while to 23/23 (100%) reports containing only clinical data where confirmed (p-value = 0.001).  

Table 3: Cases classified as confirmed, probable, suspect, or not a case by type and number of report received
	Type of Report Received
	Number of Reports
	Number Classified as Confirmed
	Number Classified as Probable
	Number Classified as Suspect
	Number Classified as Not a Case

	IgM positive
	29
	16 (55.2%)
	2 (6.9%)
	1 (3.4%)
	10 (34.4%)

	IgG positive
	8
	5 (62.5%)
	1 (12.5%)
	0
	2 (25%)

	Clinical Symptoms Only
	23
	23 (100%)
	0
	0
	0




Including paper reports received using outdated generalized report forms used for all reportable diseases and containing vague clinical and demographic information (requiring follow-up to determine county of residence in addition to Lyme symptoms), the total confirmed or probable cases is 47/60 (78%), as 100% of paper reports with clinical information only were classified as confirmed cases after a single attempt at follow-up.  The proportion of cases classified as confirmed or probable is higher among IgG reports (6/8, 75%) compared to IgM reports (18/29, 62%) (p-value = 0.46) (Table 3), but the low sample size limits interpretation.  















5.0 DISCUSSION

5.1 EFFECT OF CASE DEFINTION CHANGE ON REPORTING
In the United States, Lyme disease incidence has increased 80% between 1993 and 2007 [69], costing an average of $3,000 per patient [70].  Reasons for this increase could include elevated awareness, change in case definition, or a true increase in cases relating to several factors, such as climate change.  To be considered a confirmed case, there must be clinical evidence of EM rash or laboratory evidence must support late manifestations.  This is important for the 46% of approximately 190,000 confirmed cases reported between 2001 and 2010 that involved arthritis, Bell’s palsy, neurologic or cardiac symptoms with or without EM [71]. Although laboratory information is important to support case confirmation, the 2011 case definition placing restriction on the length of time IgM Western blot testing to one month following symptom onset creates difficulty for surveillance, mostly because it is tedious to retrospectively collect dates if not initially recorded.  One reason IgM laboratory reports may not reflect disease is because this positive result alone could be false, especially if there was a long duration of symptoms (over 1 month) and IgG Western blot testing was negative.  Follow-up must be done to determine if symptom onset was recent or conclude IgM test was a false positive and not indicative of Lyme disease, as in this project approximately 38% of IgM reports were not confirmed or probable cases.  For example, in a study of 182 patients referred to an Infectious Disease practice , 50 (27.5%) had false positive IgM results based on failure to meet CDC criteria, mostly because symptoms occurred for over four weeks and the positive IgM co-occurred with negative IgG and because exposure to ticks was unlikely [72].  This may not represent most Lyme patients because this subset were a result of referrals, which could be due to presence of more non-specific symptoms and indeed, most of these patients had joint pain, but not joint swelling consistent with the case definition.  Additionally, it is unlikely that information on exposure would be found in medical records because it is not clinically relevant.  Nonetheless, because these patients had laboratory testing performed the results may have been communicated to the local health department.    
	If a given IgM and/or IgG Western blot is positive and follows the two-tier testing criteria, it may also be difficult to determine if there is a new infection or there is simply a prolonged antibody response where the result of the laboratory test is a “true positive” but it is due to a previous case of Lyme disease, and the results received are either due to lingering symptoms from chronic Lyme disease, non-specific symptoms inconclusive to Lyme disease, or truly a new case experienced by a patient who was previously diagnosed with Lyme disease on a separate occasion which would not be uncommon in an endemic area such as Pennsylvania.  For individuals having a history of infection, clinical criteria should perhaps be emphasized, as it has been shown that out of 79 patients with confirmed Lyme disease, 10 (13%) showed IgM positivity and 34 (43%) demonstrated IgG reactivity 10-20 years following diagnosis [66]. The widespread use of laboratory testing likely contributes to the increase in Lyme disease estimates over time, as prior to advances in laboratory methodology; syndromic surveillance of EM was mostly used.  For example, in 2008, a survey of seven participating commercial laboratories performed Lyme serology testing on 2.4 million specimens, however only 10-18.5% were sampled from actual infected patients [73].  This suggests that laboratory tests may be ordered without sufficient clinical manifestations or high pre-test probability of Lyme disease based on symptoms, however positive tests may still be communicated to the health department even if there is no support for a clinical diagnosis.   Additionally, if laboratory reports are solely relied upon for surveillance purposes, there will likely be more false-positive results compared to use of EM only, as non-specific symptoms will still generate the want for laboratory testing.  Because antibody responses can persist for years following infection, it may be less useful in patients with suspected repeat cases, and also inflate surveillance estimates if the reoccurrence of symptoms is not a true infection.  However, in a prospective study of 81 culture-confirmed cases of Lyme disease  followed for a mean (± SD) of 5.6 ± 2.6 years, 15% developed a second case of Lyme disease in endemic New York, indicating re-infection does not occur in a large proportion of the population in a short period of time [74].  Because reinfection may not occur substantially in a population within a few years, new onset of infection in a patient previously classified as a confirmed case may not distort surveillance estimates as much as false-positive cases.  Despite the proportion of reinfection occurring, it has been suggested that strain specific immunity is possible, given that identical strains are infrequently isolated from patients experiencing multiple reinfection, however more research is required in this area [75].
	Although Lyme disease is common in Pennsylvania and is underreported, false positive laboratory results may be due to misdiagnosis.  For example, in a retrospective study of 788 patients seeking treatment at a Lyme disease clinic, 23% had active Lyme disease, 20% had previous Lyme disease, and 57% of patients had no evidence of Lyme disease; however, 86% of patients with previous Lyme disease and 45% of patients who did not have Lyme disease demonstrated seropositivity, although IgM or IgG Western blot is not specified [76].  Individuals consulting an infectious disease or Lyme specialist could have vague symptoms and therefore a low pre-test probability of Lyme disease, not meeting criteria for IgM (symptom onset within one month), but having IgM Western blot performed regardless without IgG and therefore risking a false-positive result.  A large CDC study attempted to assess the proportion of false-positive laboratory tests  in several large commercial laboratories, including Quest Diagnostics, the laboratory responsible for the testing in this project, in four endemic states;  participating laboratories had a 5.8% positivity when conducting two-tiered testing [73], indicating serology is performed even when there is low pre-test probability of Lyme disease.  Therefore, relying on laboratory results only without clinical follow-up are most useful in areas where testing is not performed based on vague symptoms only.
When practitioners were being interviewed or completing the form, this was noted on the form and asked, however it can be difficult and time-consuming to look at previous records to determine and would likely be missed.  The only way to truly confirm a new case in an individual who has been previously infected is if there was clear clinical manifestations that would corroborate the positive test result.  Physicians specializing in Lyme disease are also an issue, as several IgM results received were classified as not a case based on symptoms not consistent with CDC criteria.

5.2 LIMITATIONS
There were some weaknesses associated with this project that could limit the implication of using reported cases alone to estimate incidence.  About one third of practitioners did not respond when initially contacted via phone or fax, and there could be response bias.  Lyme disease is a complicated condition, and many physician specialties are involved such as neurology, rheumatology, and dermatology in addition to family practices and pediatricians.  Practices and specialties that receive more Lyme cases and cases of diseases that are reportable to the Allegheny County Health Department are more likely to be aware of the process and respond compared to those that receive few cases of patients with reportable diseases.  Infectious disease physicians and specialty Lyme disease doctors may be familiar with the process but may have a higher number of submitted laboratory reports that do not result in confirmed cases because patients with vague symptoms believe they have Lyme disease and seek out these specialties for assurance.  Because Lyme disease cases have not been followed-up for several years due to time, labor, and resources, this project also brought up awareness of Lyme reporting and built rapport so that perhaps in the future independent clinical practices will be informed and actively report all information necessary to classify cases, as other county health departments in the state report cases more accurately due to awareness and previous years of follow-up.  
To be successful, a surveillance system does not have to be 100% complete, however, it should be consistent.  This project sought to determine whether or not all reports received or lab-only reports would be representative enough to utilize trends in Lyme disease over time, as active surveillance is time-consuming given the high number of cases received by the Allegheny County Health Department.  

5.3 PROBLEMS OBTAINING FOLLOW-UP INFORMATION
Most problems obtaining follow-up patient information were from individual practices throughout the county, not hospitals or laboratories.  Reasons for these practices withholding information and ignoring attempts from public health professionals to acquire this information vary.  A study conducted by the Los Angeles County Department of Health Services attempting to increase reporting among physicians found half of all contacted practitioners were unaware of how to report notifiable diseases; interventions to improve reporting, including active surveillance had no effect [77].  This observation has been found in surveys of New York physicians, as only 23% of the 169 physicians surveyed knew how to report notifiable diseases, and knowledge of which diseases were reportable ranged from 37%-96% depending on this illness [78].  However, both of these surveys were conducted pre-electronic reporting era.  
Because knowledge of which diseases are reportable varies depending on the disease, reporting completeness should be calculated for illnesses that are thought to have low reporting completeness in order to determine where and how improvements can be made.  In a literature review, reporting completeness had been measured two different ways depending on the article: (1) dividing number of cases reported by number of cases identified through active surveillance and use of supplemental data (e.g. lab reports, medical or billing records) or (2) dividing number of cases reported by number of cases estimated through use of capture-recapture methods; reporting completeness varied by disease across the United States and ranged from 9%-99% [79].  
Report completeness was not calculated for Lyme disease in Allegheny County for 2014, but it is likely very low considering the amount of information (clinical, or clinical and laboratory, or hospital) needed to classify cases is high.  It has been estimated that 40% of all notifiable infectious diseases are reported from the UPMC Health System [80], which although streamlines electronic reporting of laboratory results, creates difficulty in collecting follow-up information as a given UPMC hospital is allocated as the primary contact on the laboratory report when care is received in a satellite office, but information cannot be collected on patients not hospitalized because infection control practitioners can only look up medical records of hospitalized patients.  This indicates that interventions targeting this organization alone could drastically improve passive surveillance in Allegheny County.  



5.4 IMPROVING THE REPORTING PROCESS
One solution that could be utilized by practitioners to ease the burden of disease reporting and not require initiation by clinicians is the Electronic Support for Public Health (ESP) application that automates reporting from a clinical perspective used in any setting where clinical information is collected, and has been found to result in greater disease reporting as well reduce spelling errors of patient names [81].  Recently, algorithms for detecting chlamydia, gonorrhea, pelvic inflammatory disease, acute hepatitis A, B, and C, syphilis, active tuberculosis, Lyme disease, pertussis, and giardiasis have been generated and this system is currently being used in Massachusetts and Ohio [82].





















6.0 CONCLUSION

Lyme disease is an endemic reportable disease in Pennsylvania and ascertainment of adequate information is arduous and complicated due to varying sensitivity and specificity of laboratory testing depending on stage of disease, ambiguous clinical manifestations, misclassification of chronic Lyme disease or illnesses only related to Lyme disease through vague symptoms such as fatigue and joint pain.  The follow-up process for collecting information for reported Lyme cases can be time consuming; however, a majority of reports for which contact was established resulted in confirmed or probable cases.  If enough resources are available, follow-up on reported Lyme cases should be performed.  Otherwise, extrapolating from the number of unclassified initial reports may help to estimate the incidence of Lyme disease in Allegheny County.  The use of novel software such as ESP or other systems that can safely extract clinical records should be considered to supplement surveillance by the Allegheny County Health Department in order to obtain accurate data on Lyme disease incidence.
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Allegheny County Health Department

Fax Report Form for Reportable Condition - Lyme Disease

The following information is needed to complete a Lyme disease investigation for the Genters for Disease Control and
Prevention (GDG). Please complete the following and fax the form to the Allegheny Gounty Health Department at
412-578-8025 within 7 working days.

Address

Patient's last name: First DOB /A
(MM/DDIYYYY)

Address city: Zip:

Clinical Symptoms

Unk
Dermatologic
Erythema migrans (= 5cm in diameter)
Rheumatologic
Arthritis characterized by brief attacks of joint swelling
Neurologic
Bell's palsy or other cranial neuritis
Radiculoneuropathy
Lymphocytic meningitis
Encephalitis/Encephalomyelitis
CSF tested for antibodies to B. burgdorferi
Antibody to B. burgdorferi higher in CSF than serum
Cardiologic
2nd or 3rd degree atrioventricular block
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. ! Date of !
Clinical onset  TupoRYYw) diaanosis:  MMDDYYYY)
It onset unknown, was it within 30 days of sample collection for labs?
ves [ NO
Other History
Yes No Unk
Did medical provider diagnose Lyme disease?
Was patient hospitalized for current episode?
Comments (Other symptoms, tick bite, area of exposure).
Person completing form: Telephone: Date: / /
IMBDYY YY)
Laboratory Results
Positive ~ Negative ~Equivocal Not done/Unk

Screening
EIAFIA
Western Blot

O [ (| (]

: E E E E
I9G
unspecified
Other (specify)

Date of specimen /

(BB YYYY
NOTICE: The Allegheny County Health Department i phasing out the use of paper reports and recognizing receipt of reportable
conditions only through the electronic suneiliance system PA-NEDSS. A current list of reportable conditions can be found here:
www.achd.netinfectdireportabledisease.html and information on PANEDSS can be found here: https://www.nedss state.pa.us/
Please contact the Allegheny County Health Department with questions.

To be completed by ACHD staff
What is final case classification? Date: ! !

M/DDYYYY.
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