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ABSTRACT

Title: Timeliness Of Infectious Disease Case Reporting in The Washington State Disease
Reporting System

Objectives: The objective of thiglissertatiorwasto investigate if an increase in theldy case
rate for COVID19 cases led to an increase in th#ay average of time (in days) between the
specimen collection date and the investigation create d#te Washington State Disease
Reporting System (WDRS3pr COVID-19 cases reported througlectronic laboratory reporting
(ELR), COVID-19 cases manually enterétkpatitis B cases reported through ELR, and
Hepatitis C cases reported through ERditionally, this dissertation analysis will retroactively
assign the COVIEL9 reinfection case classification to cases between January 2020 and
September 2021

Methods

There were two data sources used for this analysis. Laboratory result data housed in WDRS were
requested from the Washington State Department of Health. The second data source used was
the public facingVashington State COVH29 dashboardAll analysis were completed in R.

rolling 7-day average latime variablewvas createdy subtracting the investigation create date

from the specimen collection date. Atime seriesanalysis cat t er pl ot s, and Pe:
Correlations were completeing the 7day average lag times and case rate data available from

the COVID-19 dashboard. All analyses were completed for ELR, manuatspeaific, and
wavespecific datasetd.o reassign the COVH29 case classificationtatal count of laboratory

results were created using R and ad@§ rolling cut off. Data were then manually reviewed and
cleaned using Excel.

Results

Overall we found that there was a lag between the specimen collection date and the investigation
create date and there was an association with-ttegy TOVID-19 case rate averagdagnitude

of relationship varied based on year and how data were broken into differing timeframes. There
was also a difference seen between disease type and mode of laboratory result, either ELR or
manually entered. We also found that there were approsiynail65 laboratory results that

could be consideraeinfections in thdirst year and a half of the pandemic response by applying
the updated COVIEL9 reinfection case classification.

Conclusions

In conclusion thiglissertatioroutlines a practical application of including a lag time metric into

a surveillance system evaluation during a pandemic response. These analyses highlighted there
was a significant lagetween when tests were completed and when they were received in the
surveillance systentuture research should focus on identifying where along the informatics
pipeline the lag is occurring so that we can workrtprove efficiencyand bebetter prepared to
respond to the next pandemic.
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Chapter 1: Background

Public health surveillance @efined by the Centers for Disease Control and Prevention
( C D C) theaongoingfisystematic collection, analysis, and interpretation of iekdted data
essential to planning, implentéry, andevaluatingpublic health practiceclosely integrated
with the timely dissemination of these data to those responsible for prevention and&ontrol
Public health surveillance is integral in the identification and early detection of both infectious
and nonrinfectious disease. Thereeamany objectives of public health surveillaneljch may
change given diseas@d transmissiotype but the overall learacteristics of surveillance
include the four following areas of importance:

1. fiTimeliness, to implement effective controkasures.
2. Representation, to provide an accurate picture of the temporal trend of the disease.

3. Sensitivity, to allow identification of individual persons with disease to facilitate
treatment; quarantine, or other appropriate control measures; and
4. Specificity, to exclude persons not having dise&se.
Surveillance is one of the fundamental pillars of epidemiologyaanekpansive topiclhe focus
of thisdissertation will be to furtharnderstand one of the four characteristics of surveillance
listed aboe, the timeliness of public health surveillardata
1.1 Defining Public Health Surveillance Systems
To understand the nuancasdtimeliness of a state surveillance system, we must first
understand the regulatiorsquired of this integral public health to& public health
surveillance system is an essential public health function defined by the ongoing systematic

collection, compilationanalysisand dissemination of data on reportable diseases and other
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events that present a potential threat to public health segdtyfiable conditions range from
infectious diseasgsuch as COVIEL9, Ebola, antiepatitisA, B, and G among many otherto
foodbornedisease outbrealssich a€s. Coli. Noninfectious conditions, such as childhood lead
poisoningsand other heavy metal poisoningse also monitored and evaluated by the CDC.
Each year there are approximately 2.7 million disease cases reported to tife CDC

Data collected fothesenotifiable conditions are required to be stored in state
surveillance systemslowever, it is up to each individual state on the surveillance system used.
Thereis currently ncstandardised acrosall states, and not all surveillance systérage the
same functionalitiedNhile very fewstates useloud-basedapplicationsothers are open source
or O0homegrownd, as i n deQusitlecopdeedtly boptactinbeachst at e s
stateandinquiring which system they uséhere is littlepublic informationonthe specifics of
surveillance systems used by leaddowever, a fewhaverisento popularity andvereadapted by
other state and local health departments

One example athis, a romegrown surveillance system The Massachusetts Virtual
Epidemic Network (MAVEN). MAVEN, a wetbasedapplication that joined many dsse
databasemto one,was deployed by the Massachusetts Department of Health in°2006
personbased application in which individual cases can be linked together in one shared database
across disease conditions, becgrapularand now over a dozen statasd eversome
international health jurisdictionsse his database structure for their own disease surveillance.

As pictured infigure 1below, electronic latwratoryreports and electronic case reports are
sent in real timem HL7 to the MAVEN databaseHL7s are files that meet international
standards for exchange, integration and sharing across electronic health information to allow for

seamless integration between data systefsy organization that wants to receive laboratory
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results electronically, musbllow the standardizations outlined L7 messagedJsing HL7s to
transmitlaboratorydata allows for standardization of values across agencies at the chatay,
and federal leval In thesurveillancesystem described below, when negultsare received

from a laboratoryor anotifiable condition a new case is either created or led@ratoryresultis
attached to an existing person inside the datab#se dlows for seamless disease management
for any condition ofmterestas you can easily see which diseases an individual has tested

positive for.

Figure 1. Schematic of @personbaseddisease surveillance system
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An additional homegrowaurveillance systepthe Utah National Electronic Disease

Surveillance Systencommonly referred to d&spiTrax was developed by the Utah State
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Department of Health. EpiTrax is open source and available for other states tolikidize
MAVEN, EpiTraxoffers multiple disease manageméiithe information collected and stored
within public health surveillance systems assential to theverall health of the public as this
data is used for planning, implementing, and evaluating public health interventions and
programsas well as allowing diseases investigators tavbare of disease outbreaks

Each surveillance system has its strengths and weaknesses, many of which were
highlighted and exacerbated during the response to the CQ¥iandemic. High web traffic
andthe sheer load déboratoryresultsentering the systestaused delays across the United
States, resulting in backlogs of cases and processing delayg health hakistorically not
received funding for modernizati@amd many local and state health departments were still
relying on fax machines and paper results that then neededtanually entered into the
electronic databases.

Dr. Umair Shah, who at the time was the Executive Director at the Harris County Public
Health Departmerith Texas now the Secretary of Healtbr Washington Stateyas quoted in
the New York Timesiotingt hatdat hei 6 moving sl ower than the
the fact that there weteundreds opaper faxesawaiting manual input Theissueof the fax
machine was occurring acrad®e country. InVashingtorState over2 dozermembers of the

National Guardverebroughtin to assiswith manualdata entry’

1.2 Public Health Surveillance in Washington State

In Washington Statd,he Reporting Array for Incident, Non Infectious and Infectious
Event Respons8uite RAINIER Suite includes five interconnected applications which
centralize the collection and processing of statewide mandatory reporting of disease and

environmental public health conditiafsOneinstrumentabpplication of the RAINIER suite is
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the Washington State Disease Reporting SysWDRS), an electronic disease surveillance
system that allows public health staff in Washington State to receive, enter, manage, process,
track and analyze diseasslated data!

WDRS was officially deployed for statewide use in 2017 with the development of the
tuberculosiglisease model. The general communicable disease (GCD),whitsi houses
COVID-19, was deployed on June 25, 20t dditionally, the Contact Risk Exposure
Surveillance Tool (CREST)yhichwas stood up during the response to COXBis used for
contact tracing and case investigatammdhoused under the RAINIERuite. Together these
applications were the cornerstones of @@VID-19 pandemic response in Wasgjion State.
Information such as case level dal@oratoryreports, and hospitalization data, enMBRS

through a variety of data streams, including:

electroniclaboratoryreports(ELRS)

electroniccasereports(eCRs)

healthcardacilities

non-health care sources

WDRS provides local and stagencies witla way to manage and report notifiable conditions,

disease outbreaks, and disease investigafibns

1.2.1Reporting Requirements
Not all diseases are required to be reported to local health jurisdictions or state health

departments, but those that are, have legal requirements outlinedNashengton

Administrative Code (WACH{letailing the timing in which the proper health authorities need to

be notified.For this dissertation, only the requiremepéstaining to laboratories will be

analyzedas public health authorities can also be notified by other methods, such as telephone or

fax. In response to the COVHD9 pandemic and und#re Coronavirus Aid, Relief and
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Economic Security (CARES) Act (Public Law 186, 8 18115(a)), The U.S. Department of
Health and Human Services required every laboratory that pexfmmanalyzd a test that is
intended to detect SARG0V-2 or to diagnose a possible case of COMo report the results
of such test to the SecretalyUnder WAC 246101-101, laboratories are required to report any
positive result by any method immediately to the Local Health Jurisdiction (FHid)summary,
by law, laboratories must report resulbsstate and local health departmerfsr positive acute
hepatitis B results and chronic hepatitis B resmliist be reportedithin 24 hourst* According

to the WACChapter 246101, the local health jurisdiction must be notified of a positive acute
hepatitis C results and chronic hepatitis C result within 2 tays.

When test results asent to the laboratory and subsequently to the reporting authority
there are data collected at each point. These data points include information about the person
providing the sample, how the sample was analyzed and how it was collected, dates in which the
sample moved through the data pipelines, and much more. As mentioned previously there are
several data points that are standardized using the HL7 language. There are also many points
within this process where there may be delays or slowdowns, for anyenoifmeasons. We are
most interested in the date the specimen was collected from the patient and the date that it was

received in the Washington State Disease Reporting System (WDRS).

1.3WDRS Utilization

1.3.1Limitations in Case Processing
During the COVID19 pandemic, WDRS was rapidly modified and updated to house and
receive COVID19 laboratoryrepors. As with many other states the influxlaboratoryrepors

created many delays in processargl reportingBy August of 2022, there were approximately
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1.8 million COVID-19 cases identified in Washington St&t&his indicates the number of
positivelaboratoryrepors that were processed by WDRS and excludes negasués thatvere

also processed and imported into the sysiéat.only did the number &€OVID-19 casegsause
strain on Washingtonds healthcare system, but
systemsGiven the very large number lafboratoryrepors that were being processed and the

additional staff that were accessing theb-basel service severaldelays ensued. An article from

March 2020, from the Tacoma Pierce County Health Departritensecond largest county in

Washington Stateeads:

0The stateds el ectr oni Washingtoe Risease Reportinge i | | an
System (WDRS), is currently experiencing slowdowns. When it returns to full operation,

case numbers statewide may jump. Usually, the WDRS only reports positive results.

During the pandemic, WDRS is also tracking negative resotCOVIDB19. This

volume is overwhelming the tool. The Washington State Department of Health is

investigating solutions. In the meantime, case count and testing numbers statewide are

|l agging. But testing continuéyngtobridgether r upt
WDRS reporting gap by receiving positive test results faxed directly from some

laboratories6*’

In December 2020 a bulletin sent out by the Washington Department of Health reads:

@n 12/17/2020, because of recent WDRS slowdowns, we have not been able to complete

deduplication of confirmed cases today. We estimate there are up to 2500 duplicate cases
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i n todayos tAsofa17/2020sNegative teshresslts data from November
21, 2020 through today are incomplete, as are positive test results from yesterday

(12/16/2020). Therefore, testing numbers should be interpreted with cafiion

Many othemoticesof this nature were sent to public health stakeholders and partners responsible
for responding to the COVH29 pandemicA note posted on the COVHD9 dashboard for
Washington state read:
drime delays occur in our reporting of laboratory testing data, cases, hospitalizations,
deaths, and vaccinations due to processing and reporting differences between data

sources including laboratory capacities and case reporting procé&ses

Slowdowns seerdto follow the ebb and flow of theaves of the pandemic with the
influx of cases causing extra traffic to the system and the large wiffkases adding strain to
the ELRand informaticgipelines.The overall impacts of the surveillance system slowdowns
are not known and may never be, but given that WDRS houses all notifiable conditions, it is
hypothesizedhat these impacts on laboratory reporting were not only for C&@\but rather
for several other conditions as well. This dissertation will focuadafiional conditions of
interest hepatitisB and C, which are also housed within WDRS.
1.3.2Reassigningcase definitions

As the worldlearned more about COVHD9, case classifications naturally changed to

address emerging informatioas is typical when responding to a novel disease.
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This dissertationvill additionally focus on the updated case classification referring to reinfection
caseslIn the originalcase classification documentation approved by the @DXpril 2020there

was not enough data to provide guidance on what would classify as a €@\Hinfection®

By 2021, the case classification was updated again, with more specific details relating to

reinfections A case would be considered a reinfection if any of the following criteria wer&® met.

T SARSCo0V-2 sequencing results from the new positive specimen and a positive specimen

from the most recent previous case demonstrate a different lineage,

1 Person was most recently enumerated as a confirmed or probable casmsdatidate (if

available) or first positive specimen collection date for that classification >90 days prior,

T Person was previously reported but not enumerated as a confirmed or probable case

(i.e., suspect), but now meets the criteria for a confirmed or probable case.

Once the new case classification was provided, WDRS was configured to account for this new
90-daytimeframe and the system was updated on SeptelnBeP1 all casesfterthis date

would be evaluated using the new classificapoovided by the CD@nd all classes before
September 1, 2021 would stay the s&fa.August of 2022, aeport calculating

hospitalizations and deaths by reinfection was published by the Washington State Department of

Health after collecting nearly a year of data on reinfections.
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Number of Percent Number of

Total_ people hospitalizations  reinfected who deaths in . Percent
with a . . . reinfected who
. N in people with a were people with a  rakk
reinfection : — o ) . died
reinfection hospitalized reinfection
68,728 1,874 2.7% 189 0.3%

*During September 1, 2021 - August 13, 2022
**During September 1, 2021 - July 26, 2022

****percent of 64,968 reinfections from September 1, 2021 - July 26, 2022
Figure 2: Reinfection and associated hospitalizations and#at

As is seen ifigure 2above, there were 68,728 reinfections in approximately one year
2.7% of reinfected patients were hospitalized, @386 of reinfected patientied The third aim
of this dissertatiomvill work to retroactively assign the reinfection case classification to COVID
19 data from January 2020 to August 20Phis dataset will bprovided backo the developers

of WDRS to support in previous case matching.

1.4 Public Health Significance
As with mostdiseasesearly detection is critical in helping to stop the sprefad

infectionsandto improve the health outcomes of thasggnosedTimely notification as
highlighted above is one of the cornerstones of a successful surveillance system. Outbreak
identification and coordination would not be possible if thveeee to bea delay in reporting
either notifiable onewcasef a novel diseas& his is for both infectious disease and non
infectious disease as timeliness can aks@ cornerstona identifying anenvironmental
contaminant or exposurAn integral part of disease surveillanceaseinvestigatiorand
contacttracing(CICT). Theability to benotified of a person with the diseaaadsubsequent
identification of contactthrough interviews and contact tracisgessential for all infectious

disease managemeAithough the COVIDB19 pandemic exacerbated issuwath surveillance
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systems, there was concern with the timeliness of case reporting almost 20 years prior to the start

of the pandemic.

1.5Dissertation Thesis Statement
This dissertatioraims to investigaté an increase in the-day case rate faZOVID-19

caseded to an increase in the-day averagef time (in days)between the specimen collection

date and the investigation create date in WDR$h®irfollowing: 1) COVID-19 casegeported
through ELR 2) COVID-19 casesnanuallyentered3) Hepatitis Bcasegeported through ELR

and 4)Hepatitis C caseported through ELRAdditionally, this dissertatiomnalysis will
retroactively assign the COVHD9 reinfection case classification to cases betweeamadpp020

and Sefember2021and @mpare thdnospitalization rates for those with a reinfection between
March 2020 and August 2021, to those with a reinfection between September 2021 and August

2022.
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Chapter 2: COVID -19 Laboratory Testing Timeliness During the COVID 19

Pandemic Response

The first COVID-19 case in the United States videntified in Washington State on
January B, 2020 An infectious disease that is caused by the SARS-2 virus, and has killed
more than 1 million AmericadsCOVID-19 has been one of theost devastatingealth crises
to impact the United States in decadesdescribed previouslygarly detection is critical in
helping to stop the spad of infectious diseasehich was no different for the control of
COVID-19. Timely notificationwasessential for public health officiate identify outbreals and
care for those thateremost at riskDuring the COVID19 pandemic, contact tracing and case
investigation verevital in slowing the spread.he rapid notification of cases and identification
of contactavasessentiafor COVID-19 disease managemeiitie ability to contact cases and
identify close contacts allodindividuals to protect themselves from possible CO\IED
exposures.

As mentioned previously there ageveraldata points that are standardized using the HL7
langua@. There are also mamppints within this process where there may be delays or
slowdowns, for any number of reasowée aremostinterested irthe date the specimen was
collectedfrom the patient and the date that it was received in the Washington State Disease
Reporting SystenfWDRS). This chapter willanalyze thdimeliness of COVIDB19 cases in
WDRSby answering the following questions.

Does an increase in theday case rate for COVHR9 cases lead to an increase in the 7
day averagéagtime (in days) between tlaate when thepecimerwas collectednd thedate
the laboratoryesult created amvestigation in WDRS foEOVID-19 cases reporteda

electroniclaboratoryreporting(ELR)? Subsequentlyjoes an increase in theday case rate for
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COVID-19 cases lead to an increase in titlay averagéagtime (in days) between the date
when the specimen was collected and the date the laboratory result created an investigation in

WDRS for COVID-19 cases reportathported manually into WDRS?
2.1Methods

2.1.1Data Sources
There were two data sources used for this analisisoratory result dat@ousedn
WDRSwere requested from the Washington State Department of Health after receiving exempt
approval from the Washington Staiestitutional Review BoardProper dataharing process
outlined by theDepartment of Healttnd theUni ver si t y of wedfleafoll@aveddai at MU
Datawere deidentified andontainedNVDRS unique IDspecimen collection date, investigation
create dategndlaboratory submitter, for aflositive results from Januar,2202Q to August 7,
2023.The second data sourasedwas the publicdcing Washington StateOVID-19
dashboardData were downloaded from the dashboard using the provided links on the website

Data were downloaded @eptember 16, 2023

2.12 Case Definition

A laboratory result was included in tbataset from th®epartment of Health if the
result was positive, the specimen collection date was from afted/RQ2D, and the disease was
specified as COVIEL9. Given the overall aim of this analysis, there was no further exclusion
based ortase classificatio(whether the result wasispect, probabler confirmed COVID19
infection),whether the laboratory result was from out of staiewas a false positiveyr if it
was a reinfection. Theataset was thatfivided intotwo groups, ELR and manually entered,
based on whether tlseibmittervalue for the data was missiag nanuallyentered data do not

contain a submitter value.
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As outlined infigure 3 after separating the laboratory results into the two dataesys,
resuls with anerroneous or unjustifiable specimen collection date, sushsgsectegp at i ent 6 s
date of birth or a date prior to Januafy 202Q were removed. Laboratory results in which the
investigation create date occurred prior to the specimen collection date were also removed as this
indicated that one of the dat@asincorrect alaboratory result cannde sent for notificationf
it hasnodt b elaboratorpresults ihat wede missing specimen collection date or
investigation create date were also remol@dboratory data for January 2020 were also closely
reviewed forwhen data were consistently being reported everyTaglign with the Zday case
rate average data from the dashboard, laboratory results pFebtoary 21, 202Qvere
removedData were also removethere the lag time was greater than 365 days. Examining
these cases, we found that they baderaldiffering specimen collectiodates put the same
investigation create date. These cases also primarily came from two laboratory submitters.
Because of this, we removed these cases from the analysis and determined they were possibly
sent in error given the substahtime frame between when the specimens were collected and
when they were receiveData were further broken down into yesrecific datasetand wave
specific datasets

Furthermore, dta were broken into different time periods based on-teycase rate
data to identify four time periods, referred to as waves, within the data where there was a large
increase in the-day case rate. The beginning date of the wave was wherddne G&e rate
began to increase substantially, and the end date used was whetatheage rate reached its
lowest value before beginning to increase again. The waves are visually represégted 4

all dates and subsequentdy case ratesan be seen in table
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Raw Data
N =2,933,589

ELR
N =2,448,371

Missing Specimen
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Create Date
N=2,446,244

collection

date after
02/21/20

Investigation create dat
before specimen
collection date
N =2,443,597

7-day average
lag time < 365

N = 2,439,018

Manual
N =485,218
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Missing Specimen
Collection or Investigatio
Create Date

N=484,116
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after 02/21/20
N=484,094

Investigation create date befor
specimen collection date
N =483,963

7-day average lag

time < 365 days
N = 482,432

2020 2021 2022 2023 2020
N =327,505 N = 766,689 N =1,250,592 N = 94,232 N = 69,159

2021 2022 2023
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Figure3: Theoverall sample size throughout data cleaning
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Figure4: Identification of 4 waves of data for theddy case rataverages.

Tablel: Start and end dates for wave specific data

Start Date Start #day case rate End Date End #day case rate
Wave 1 9/19/2020 1.59 2/19/2021  1.83
Wave 2 07/06/2021 1.57 11/27/2021 2.02
Wave 3 12/10/2021 2.06 03/21/2022 1.60
Wave 4 03/22/2022 1.62 11/03/2022 1.69
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2.1.3Analysis
The first step in this analysis was to calculate the lag time variable. All analysis was done
using R. This variable was calculated by subtracting the investigation create date from the
specimen collection dat@n the remaining datae calculated &olling 7-dayaveragdor lag
time which wasthen calctated and grouped Igpecimen collection datnd investigation create
date A time series analysis was performedtbese two/-day average lag tins@andon thecase
rate data available from the COUI® dashboardlhetwo time serieslatawerethenoverlayed
together using the R package ggpfoA s catter pl ot was created as \
correlation to check for correlation between thday average lag tinsend the 7day average
case rateCase rate data weatsolog transformed and scatterpleisd Pe ar sonds corr el
were completed ith the log transformed datAll analysesverecompleted for both manual

ELR data, yeaspecific datasetand wavespecific datasets

2.2 Results

2.2.1ELR Overall
The overalltime seriesnalysis for the -flay average lag timand the 7day case rate

averages for COVIEL9 cases between February 2020 and Augus 282 be seen ifigure>b.
The7-day case rate average ranged f@to 1,828.7 The #day average lag timevhen

grouped by the specimen collection dateged fronD.39days t019.67days.The #day average
lag time, when grouped by the investigation create date ranged fr@mdays to 3.73 days.

The highest tlay case rate averagecurred during what could be definedtlassthird wave in

this analysismid-Decembeto mid-March For the data grouped around the specimen collection
date, herewas one initialarge spikén the #day average lag tiein the very beginning of 2020

which could bedue toCOVID-19 beinga novelconditionand laboratory reportinigeing
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established.There areseverakpikes in the -tlay average lag time centered around the

investigation create datehich will be further explored in the upcoming yaaecific results.

SpecimerCollection Date Investigation CreatBate

| |

30 30
1000 1000
20 20

}‘ 500 }‘ 500

1500

7-Day Case Rate Average
7-Day Case Rate Average

J A\
f N A { Ji U W, \
T DAY A PR - IR AL

(U =0 0~ B

2020 2021 2022 2023 2020 2021 2022 2023
date date

Figure 5: Time serieanalysis of the -flay average lag time between specimen collection date
and investigation create date of positive COMI®test results imported ®fectronic

laboratory reporting and the-day case rate average for COVAUI® cases between February
2020 and August 2023

A scatterplot was created ¥gsualizz anycorrelation between theday average lag time and the
7-day case rate average for COVID. As seen irfigure 6, data were heavily clustered between
0-500 for the 7day case rate average. There wssreeralboutliers for both the -flay average lag
time and the tlay case rate averagescatter plot using the log value of theldy case rate
average can be seen in figur€ven after completing the log transformation, data were still
heavily clustered together anthny outliers stilexisted The overall correlation for theon-log
transformed data can be seen in tabléd2.the data grouped around the specimen collection
datethere was a very weaktatisticallysignificantrelationship(r=0.07, 95%CI [0.02 0.13], p =
0.01). The resultsdr the data grouped around the investigatimate date were similar, there
was a very wealstatistically significant relationship (#8.07, 95% CI14{0.13, -0.01], p = 0.01).

The log transformed results can be seen in table 3. As can be seen with the scattsufitofor

t he Pearsonbds Cor r emaesubstantiabdrestlts. The dath gnouped arpund d u ¢
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the specimen collection data were not statistically signifiddrg.data grouped around the

investigation create date still had a very weak, statistically significant relationsf08=95%

CI [-0.14, -0.08], p =0.(3).

Specimen Collection Date

209
R=0.072,p=0011

Average Lag Time (days)
5] o

o

20

Average Lag Time (days)

Investigation CreatBate

.
R=-0.07,p=0.013

0 500 1000
7-Day Case Rate Average

Figure 6: A scatterplot comparing theday average lag time between specimen collection date

0 500 1000 1500

7-Day Case Rate Average

and investigation create date of positive COMI®test results imported by electronic
laboratory reporting and the-day case rate average for COVAI® cases between Felary

2020 and August 2023.
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Figure 7: A scatterplot comparing theday average lag time between specimen collection date
and investigation createatle of positive COVIBL19 test results imported by electronic
laboratory reporting and thiag 7-day case rate average for COVI® cases between February
2020 and August 2023.
2.21.1YearSpecific Results

The results were further separated y¢arspecific time series analysis and scatterplots
to look for any additional relationshipbime series analysis and scatterplots were completed for
the year specific data as was done for the overall total data. The time series analysis for data
grouped around thgpecimen collection date can be seen in figure 8, the data grouped around the
investigation create date can be seen in figufe fatterplot was created to look at the
correlation between theday average lag time and thel&@y case rate avage for COVID19
both by the specimen collection date and investigation create date. As was done for the overall
total data, the analysis was also completed using the log transfordagdcése rate averages for
COVID-19. The norog transformed scatterploan be seen in figure 10 for the specimen
collection date data and figure 11 for the investigation casterlata. The log transformed data

for the specimen collection date data and investigation create dataddie seen in figures 12

and 13 respeiwely. All results forthenod og transf or med Pearsonos

co

table 2. Al l og transformed results for Pear
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Figure 8: Yearspecific time series analysis of theldy average lag time between specimen
collection dateand investigation create date of positive COMIDtest results imported by
electronic laboratory reporting and theday case rate average for COVI® casesgrouped
by specimen collection date.
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Figure 9: Yearspecific time series analysis of thel&y average lag time between specin
collection dateand investigation create date of positive COMIDtest results imported by
electronic laboratoryeporting and the tlay case rate average for COI® cases
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collection date and investigation create date of positive COMIest results imported by
electronic laboratory reporting and theday case rate average for COVI® casesgrouped

by specimen collection date.
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Figure 11: Yearspecifc scatterplots comparing theday average lag time between specimen
collection date and investigation create date of positive COMIest results imported by
electronic laboratory reporting and theday caseate average for COVIEL9 casesgrouped

by investigation create date.
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Figure 12: Yearspecific scatterplots comparing thed@y average lag time between specimen
collectiondate and investigation create date of positive CO¥ftest results imported by
electronic laboratory reporting and tHeg 7-day case rate average for COVI® cases
grouped by specimen collection date.
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Figure 13: Yearspecific scatterplots comparing thed@y average lag time between specimen
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collection date and investigation create date of positive COMIest results imported by
electronic laboratory reporting and tHeg 7-day case rate average for COVI® cases

grouped by investigation create date.
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Table2: Pear sonds Obher7-day aadrageolay timedeatvweentsgecimen collection
date and investigation create date of posi@@VID-19 test results imported by electronic
laboratory reporting and thed&y case rate averages for COVID results

t df* Correlation 95% Cl p-value
Specimen Date
Total 2.55 1256 0.07 (0.02, 0.13) 0.01
2020 -0.25 307 -0.01 (-0.13, 0.10 0.80
2021 -6.64 363 -0.33 (-0.42, -0.23) <0.001
2022 6.14 363 0.31 (0.21, 0.40) <0.001
2023 26.06 217 0.87 (0.83, 0.90) <0.001
Investigation Date
Total -2.49 1245 -0.07 (-0.13, -0.01) 0.01
2020 2.09 297 0.12 (0.01 0.23) 0.04
2021 -7.21 363 -0.35 (-0.44, -0.26) <0.001
2022 -2.79 363 -0.14 (-0.24 -0.04) 0.01
2023 6.04 216 0.38 (0.26, 0.49) <0.001

*degrees of freedom
A Confidence Interval

Table3: Pear sondos Obther-day aadragenlag timedeatvweentsgecimen collection
date and investigation create date of positive COV#est results imported by electronic
laboratory reporting and the logday case rate averages for COVIB results.

t df* Correlation 95% Cf p-value
Specimen Date
Total -0.75 1256 -0.02 (-0.08, 0.03) 0.45
2020 -10.01 307 -0.50 (-0.58, -0.41) <0.001
2021 -4.82 363 -0.25 (-0.34, -0.15) <0.001
2022 3.66 363 0.19 (0.09, 0.29) <0.001
2023 19.87 217 0.80 (0.75, 0.85) <0.001
Investigation Date
Total -2.93 1245 -0.08 (-0.14, -0.03) 0.003
2020 3.45 297 0.20 (0.08, 0.30) <0.001
2021 -9.08 363 -0.43 (-0.51, -0.34) <0.001
2022 -8.13 363 -0.39 (-0.48, -0.36) <0.001
2023 5.85 216 0.37 (0.25, 0.48) <0.001

*degrees of freedom
A Confidence Interval
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2020
Forthe year 202@he 7day case rate average ranged f@th(multiple datesjo 288.5

on 12/04/20® and he 7#day average lag timgrouped on specimen collection dedegedfrom
2.720n 0447/2020to 19.780n 02/27/2020and from1.99 on 10/21/2020to 8.130n 07/082020

for the data grouped by investigation create .dete nonlog transformed data for the specimen
collection datecorrelation resulted in@ery weak, statistically not significant relationship-(r=
0.01, 95% CI }0.13, 0.10], p = 080). The nonlog transformed data for the investigation create
date correlation resulted in a very weak, statistically significant relatp(ist0.12, 95% CI{
0.01, 023], p = 004). The log transformedatafor the specimen collection dgteoduced a
moderate, negative, statistically significant relationship0(69, 95% CI14{0.58,-0.41], p
<0.001)and a weak, positivestatistically significant relationship (r=20, 95% CI p.08 0.30], p

<0.001) for the log transformetiata grouped on thavestigation create date.

2021
For the year 2021 theday case rate average ranged f@2rl on 06/29/202fb 721 0on

12/31/2021and the 7day average lag time grouped on specimen collection date ranged from
2.050n10/292021 to 10.520n QL/14/2021and from 147 0on11/08/20210 21.830n07/18/2021
for the data grouped by investigation create date. Thdagpmansformed data for the specimen
collection date correlation resulted in a weadgative statistically significant relationship (¥=
0.33,95% CI }0.42,-0.23, p =<0.00)). The nonlog transformed data for the investigation
create date correlation resulted in a wesdgative statistically significant relationship (6.35
95% CI F0.44, -0.26, p =<0.00). The log transformed data for the specimen collection date
produced aveak negative, statistically significant relationship-025, 95% CI [0.34,-0.15], p

= <0.001) and a weakggative statistically significant relationship (1843 95% CI }0.5], -

0.3], p = <0.001) for the log transformed investigation create date data.
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2022
For the year 2022 theday case rate average ranged f@rbon (8/20/2022 to 1,828.7

on 01132022 and the 7day average lag time grouped on specimen collection date ranged from
0.900n 12/30/2022t0 11.260n12/07/2022and from 114 on07/24/20220 17.600n 02/28/2022

for the data grouped by investigation create date. Thdagptmansformed data for the specimen
collection date correlation resulted in a weabsitive statistically significant relationship

(r=0.31, 95% CI [021, 0.4Q, p = <0.001). Tie nonlog transformed data for the investigation
create date correlation resulted ineaty weak, negative, statistically significant relationship- (r=
0.14, 95% CI }0.24,-0.04], p =0.0)). The log transformed data for the specimen collection date
produced a weak, statistically significant relationship ¢8095% CI [009, 029], p = <0.001)

and a weak, negative, statistically significant relationshig(89, 95% CI[-0.48, -0.36], p =

<0.001) for the log transformed investigation create date data.

2023
For the year 2023 theday case rate average ranged from 13.2 on 05/29/2023 to 73.7 on

01/99/2023 and the-day average lag time grouped on specimen collection date ranged from
0.390n08/072023 t0 5.780n 01/07/2023and from0.720n 07/30/2@3t0 25.730n 04/03/2023

for the data grouped by investigation create date. Thdagptmansformed data for the specimen
collection date correlation resulted istaong positive, statistically significant relationship
(r=0.87, 95% CI [083, 0.90], p = <0.001). The@onlog transformed data for the investigation
create date correlation resulted iweak statistically significant relationship (r=38, 95% CI |

0.26, 049], p =<0.00). The log transformed data for the specimen collection date produced a
strong statistically significant relationship (r=80, 95% CI [075, 0.85], p = <0.001) and a weak,
statistically significant relationship (r=0/395% CI [025, 048], p = <0.001) for the log

transformed investigation create date data.
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2.2.1.2Wave Specific Results
The results were further broken down into wave specific time frames to &dettaint for wide

ranges of May case rate data.

First Wave
The first COVID-19 wave in this data occurred betw@&419/2020 with a starting-day

case rate average of 1.59 and 02/19/2021 with an endiag Zase rate average of 1.83. At the
peak of this wave, the highestldy case rate average wz88.5 which corresponded to aldy
average lag time of 89 and 14.49 for the specimen collection date data and the investigation
create date data respectively. Further differentiation between the dvdesllaverage lag time

can be seen below in figure 14.

Specimen Collection Date Investigation CreatBate
g 300

10.0 400 2 N

75 300 § j (I
A ? / i w0

5.0 / " 200 / N

25 / 100 2

date date

Figure 14: Time series analysis of theday average lag time between specimen collection date
andinvestigation create date of positive COVID test results imported by electronic

laboratory reporting and the-day case rate average for COVI® cases betwedi19/2020
and 2/19/2021

As was done for the other analysis a scatterplot was created with the log transfatayechge
rateaverages for COVIEL9. For both the specimen collection date and investigation create date
there were no statistically significant relationships identified during this first wave between the

7-day average lag time and thal@y case rate averages, as fertbeen in table 4.
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Figure 15: A scatterplot comparing theday average lag time between specimen collection date
and investjation create date of positive CO\HI® test results imported by electronic

laboratory reporting and théog 7-day case rate average for COVUI® cases between

9/19/2020 and 2/19/2021

Tabled:Peas on 6 s Cor r efltha T-daypaveragedag tinhetbetween specimen
collection date and investigation create date of positive C@\est results imported by
electronic laboratory reporting and the logdy case rate averages for COVIB results for
9/19/2020 and 2/19/2021

t df* Correlation 95% Cf p-value
Specimen Date -0.03 152 -0.002 (-0.16, 0.15) 0.97
Investigation Date 1.53 152 0.12 (-0.03 0.28) 0.13

*degreesf freedom
A Confidence Interval

Second Wave

The second COVIEL9 wave in this data occurred betwe&/8/2021 with a starting 7
day case rate average of 1dnd11/27/2021 with an ending-day case rate average202 At
the peak of this wave, the highestidy case rate average wa85.3which corresponded to a 7
day average lag time @39and2.48for the specimen collection date data and the investigation
create date data respectively. Further differentiation between the ovdesllakerage lag time

can be seen below in figuré.1
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Figure 16. Time series analysis of tieday average lag time between specimen collection d:
and investigation create date of positive COMI®test results imported by electronic laboratc
reporting and the -tay case rate average for COVI® cases betweefi6/2021and 11/27/202.

As was done for the other analysis a scatterplot was created with the log transtatayechge

rate averages for COVHD9. Forthe specimen collection there were no statistically significant

relationships identified during thsecondvave between the-day average lag time and the 7

day case rate averages, as further seen in3ableere was a moderateegative, statistically

significant relationship (r6.48, 95% CI14{0.59,-0.34], p = <0.001) found for the investigation

create date during this secbwave time period. However, as can be seen in both figures 16 and

17 there are substantial outliers in this data
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Figure 17: A scatterplot comparing théday average lag time between specimen collection date
and investation create date of positive COUI test results imported by electronic

laboratory reporting and théog 7-day case rate average for COVUI® cases betweeti6/2021
and11/27/2021

Table5: Pear sondos Obther-day aadragenlag timedeatvweentsgecimen collection
date and investigation create date of positive COV#est results imported by electronic
laboratory reporting and the logday case rate averages for COVID results between

7/6/2021 and 11/27/2021.

t df* Correlation 95% Cf p-value
Specimen Date  -1.53 143 -0.13 (-0.28, 0.04) 0.13
Investigation Date -6.52 143 -0.48 (-0.59, -0.39 <0.001

*degreesf freedom
A Confidence Interval

Third Wave
The third COVID19 wave in this data occurred betwd@ (/2021 with a starting-7

day case rate average206and03/21/2022 with an ending tlay case rate averagelo6Q At
the peak of this wave, the highestidy case rate average wig828.7which corresponded to a
7-day average lag time df95and8.31for the specimen collection date data and the
investigation create date data respectively. Further differentiation between the odenall 7

average lag time can be seen below in figée 1
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Figure 18: Time series analysis of tifeday average lag time between specimen collection date
and investigation create date of positive COMI®test results imported by electronic
laboratory reporting and the-day case rate average for COVAUI® cases betweel?/10/2021

and 03/21/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHR9. For the specimen collectidiata there was a moderate, statistically
significant relationship (r=0.67, 95% CI [@,9.76], p = <0.001) There was a moderate,
negative, statistically significant relationship 045, 95% CI }0.59,-0.27], p = <0.001) found

for the investigation create date during tthisd wave time period.
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Figure 19: A scatterplot comparing theday average lag time between specimen collection date
and investation create date of positive COUI test results imported by electronic
laboratory reporting and thiag 7-day case rate average for COUI® cases between

12/10/2021 and 03/21/2022

Table6: Pearsonds Cor r edapavaragalag tirredetweensspebirmen we e n
collection date and investigation create datpasitive COVID-19 test results imported by
electronic laboratory reporting and the logdy case rate averages for COVIB results

between 12/10/2021 and 03/21/2022.

t df* Correlation 95% Cf p-value
Specimen Date 8.9 100 0.67 (0.54, 0.76) <0.001
Investigation Date -4.97 100 -0.45 (-059 -0.27) <0.001

*degrees of freedom
A Confidence Interval

Fourth Wave
The fourth COVID19 wave in this data occurred betw&a4122/2022vith a starting 7

day case rate averageln62and11/03/2022vith an ending tlay case rate average of 4..ét

the peak of this wave, the highestidy case rate average wa&6.6which corresponded to a 7
day average lag time @32and1.27for the specimen collection date data and the investigation
create date data respectively. Further differentiation between the ovdesllakerage lag time

can be seen below in figué.
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Figure 20: Time series analysis of theday average lag time between specimen collection date
and investigation create date of positive COMI®test results imported by electronic
laboratory reporting and th&-day case rataverage for COVIBL9 cases betweei22/2022

and 11/3/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHR9. For the specimen collection data there wagsak negative,
statistically significant relationship (¥8.30 95% CI [0.41, -0.18], p = <0.001). There was a
moderate, negative, statistically significant relationshipd(69, 95% CI }0.75, -0.61], p =

<0.001) found for the investigation create date duringfthigh wave time period.
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Figure 21: A scatterplot comparing theday average lag time between specimen collection date
and investation create date of positive COUI test results imported by electronic

laboratory reporting and thiag 7-day case rate average for COUI® cases between

3/22/2022 and 11/3/2022

Table7: P e ar s on oesult€hetween-dapavaragalag time between specimen
collection date and investigation create date of positive C@\est results imported by
electronic laboratory reporting and the logdy case rate averages for COVIB results
between 3/22/202@nd 11/3/2022.

t df*  Correlation 95% Cf p-value
Specimen Date -4.71 225 -0.30 (-0.41 -0.18 <0.001
Investigation Date -14.27 225 -0.69 (-0.75, -0.61) <0.001

*degrees of freedom
A Confidence Interval

2.2.2Manual Overall

Manual laboratory resultare any results thanteredVDRSnot by ELR. These results
could be manually entered by staffimporteddirectly into WDRS using Excel spreadsheets.
The overalltime seriesnalysis for the -flay average lag time between specimen collection date
and investigation create date for positive COMI®test resultsnanuallyimported and the-7
day case rate averages for COVID cases between February 2020 and Augus? 282 be
seen irfigure22. The 7#day case rate average rangea @O to 1,828.7The 7day average lag

time ranged fron® daysto 146 days for the data grouped by specimen collection dateOatad
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200 days for data grouped by investigation create @aterall the Zdaylag time averages
grouped by the specimen collection daiierored the 7day case rate averages closdlye data
grouped by investigation create date had several peaks throughout the study period as seen in

figure 22.
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Figure 22: Time seriesnalysis of the -flay average lag time between specimen collection date
and investigation create date of positive COMIDtest resultsnanuallyimported and the-day
case rate average for COVIID9 cases between February 2020 and August 2023.

A scatterplot was created to visualize any correlation betweendhg @verage lag time and the
7-day case rate average for COVID. As seen in figur@3, data were heavily clustered
between 600 for the 7day case rate average. There wsareerabutliers for both the -day
average lag time and theday case rate average. A scatter plot using the log value ot 7
case rate average can be seen in figdr&ven after completing the log transformation, data
were still heavily clustered togethexcamany outliers still existed. The overall correlation for
thenonlog transformed data can be seen in téblleor the data grouped around the specimen
collection date there wasnaoderatestatistically significant relationship (r=88, 95% CI [055,

0.62], p =<0.00). The results for the data grouped around the investigation createodateer
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werea very week, negativstatistically significant relationship (¥8.12, 95% CI [0.18, -0.06],
p <0.00). The log transformed results can be seen in @bAs can be seen with the scatterplot,
results for the Pearsonds Correlation data

remained statistically significant with very little changesaahcorrelation coefficient.
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Figure 23: A scatterplot comparing theday average lag time between specimen collection date
and investigation create date of positive COMIDtest results manually imported and thdag
case rate average for COVIID9 cases between February 2020 and August 2023.
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Figure 24:A scatterplot comparing the-day average lag time betwespecimen collection date
and investigation createatle of positive COVIBL19 test results imported by electronic
laboratory reporting and théog 7-day case rate average for COVAI® cases between February
2020 and August 2023.
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2.2.2.1YearSpecific Results
The results were further separated into ysg@acific time series analysis and scatterplots

to look for any additional relationships. Time series analysis and scatterplots were completed for
the year specific data as was done for the overall total dagairb series analysis for data

grouped around the specimen collection date can be seen in figure 25, the data grouped around
the investigation create date can be seen in figure 26. A scatterplot was created to look at the
correlation between theday aveage lag time and theday case rate average for COVID

both by the specimen collection date and investigation create date. As was done for the overall
total data, the analysis was also completed using the log transfordagdcase rate averages for
COVID-19. The norlog transformed scatterplot can be seen in fi@iror the specimen

collection date data and figu2& for the investigation create date data. The log transformed data
for the specimen collection date data and investigation create dateaticbe seen in figur@9
and30respectively. All results forthendnog transf or med Pearsonds co

table8. Al | l og transformed results Bor Pear sono:s
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Figure 25: Yearspecific time series analysis of thel&y average lag time between specimen
collection date and investigation create date of positive COMIest results manually
imported and the-day case rate average for COI casesgrouped by specimen collection

date.
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Figure 26. Yearspecific time series analysis of thel&y average lag time between specimen
collection date andhvestigation create date of positive COVID test results manually
imported and the-day case rate average for COVI casesgrouped by investigatiotreate

date.
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Figure 27: Yearspecific scatterplots comparing theddy average lag time between specimen
collection date and investigation create date of positive COMIest results manually
imported andhe %day case rate average for COI casesgrouped by specimen collection
date
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Figure 28: Yearspecific scatterplots comparing thed@y average lag time between specimen
collection date and investigation create date of positive COMIest results manually
imported and the-day case rate average for COVUI cases, grouped liyvestigation create
date.
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Figure 29: Yearspecific scatterplots comparing theddy average lag time between specimen
collection date and investigation create date of positive COMIest results manually
imported andhelog 7-day case rate average for COVI® casesgrouped by specimen
collection date
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Figure 30: Yearspecific scatterplots comparing thed@y average lag time between specimen
collection date andhvestigation create date of positive COVID test results manually
imported and théog 7-day case rate average for COVI® casesgrouped by investigation
create date
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Table8: Pear sonds @bther-day aadragenlay timedeatvwekntsgecimen collection
date and investigation create date of positive COW8est results manually imported and the
7-day case rate averages for COVID results.

t df* Correlation 95% C[ p-value

Specimen Collectior
Total 25.43 1244 0.58 (0.55, 0.62) <0.001
2020 3.08 298 0.18 (0.06, 0.28) 0.002
2021 17.27 363 0.67 (0.61, 0.72) <0.001
2022 30.43 363 0.85 (0.82, 0.87) <0.001
2023 6.10 214 0.39 (0.27, 0.49) <0.001

Investigation Create
Total -4.01 1153 -0.12 (-0.18, -0.06) <0.001
2020 -1.89 291 -0.11 (-0.22, 0.00) 0.06
2021 -9.41 360 -0.44 (-0.53, -0.36) <0.001
2022 -6.40 342 -0.33 (-0.42, -0.23) <0.001
2023 0.16 154 0.01 (-0.14, 0.17) 0.87

*degrees of freedom
A Confidence Interval

Table9: Pear sonds @bther-day aadraigenlay timedeatvueentsgecimen collection
date and investigation create date of positive COWOest results manually imported and the
log 7-day case rate averages for COVID results.

t df* Correlation 95% Cl p-value

Specimen Collectior
Total 17.78 1244 0.45 (0.40, 0.49) <0.001
2020 0.01 298 0.00 (-0.11, 0.11) 0.99
2021 14.20 363 0.60 (0.53, 0.66) <0.001
2022 29.78 363 0.84 (0.81, 0.87) <0.001
2023 5.34 214 0.34 (0.22, 0.46) <0.001

Investigation Create
Total -3.08 1153 -0.09 (-0.15, -0.03) 0.002
2020 -3.29 291 -0.19 (-0.30, -0.08) 0.001
2021 -10.11 360 -0.47 (-0.55, -0.39) <0.001
2022 -10.56 342 -0.50 (-0.57, -0.41) <0.001
2023 -1.08 154 -0.09 (-0.24, 0.07) 0.28

*degrees of freedom
N Confidence Interval

2020
For the year 2020 theday case rate average ranged from 0.0 (multiple dates) to 288.5

on 12/04/2020 and theday average lag time grouped on specimen collection date ranged from

Ingalls |49



6.00n10/192020 t036.550n B/132020 and fron8.100n 10/8/2020 tol1.54on 1®/282020

for the data grouped by investigation create date. Thdagpmmansformed data for the specimen
collection date correlation resulted in a very weak, statistically not significant relationship
(r=0.18, 95% CI [006, 0.28], p = 0002. The nonrlog transformed data for the investigation
create date correlation resulted in a very weakative statisticallynot significant relationship
(r=-0.11, 95% CI [0.22, 0.00], p = 0.®). The log transformed data for the specimen collection
datedid not result in a statistically significant result. Tdh&as aveak,negative statistically
significant relationship (r9.19 95% CI }0.30, -0.08], p = 0.001)oundfor the log transformed

investigation create date data.

2021
For the year 2QRthe 7-day case rate average ranged from 32.1 on 06/29/2021 to 721.2

on 12/31/202and the 7day average lag time grouped on specimen collection date ranged from
4.960n 06/25/2021to 23.490n 12/31/2021and from3.490n 08/02/2021t0 41.100n 0722/2021

for the data grouped by investigation create date. Thdagptmansformed data for the specimen
collection date correlation resulted im@derate statistically significant relationship (r-8%,

95% CI [061, 0.72], p<0.00). The nonlog transformed data foh¢ investigation create date
correlation resulted in a weakegative statistically significant relationship (#&:44, 95% CI |
0.53,-0.36], p <0.00)). The log transformed data for the specimen collection date produced a
moderate, statistically significant relationship (16().95% CI [0.83, 066], p <0.001) and a
weak,negative statistically significant relationship (@47, 95% CI 055, -0.39], p <0.001)

for the log transformed investigation create date data.
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2022
For the year 2Q2the 7-day case rate average ranged from 40.5 on 03/20/2022 to 1,828.7

on 01/13/2022and the 7day average lag time grouped on specimen collection date ranged from
3.990n11/01/20220 38.540n (1/08/2022and from3.310n 11/27/2022t0 82.090n 03/26/2022

for the data grouped by investigation create date. Thdagptmansformed data for the specimen
collection date correlation resulted istaong,statistically significant relationship (@85 95%
CI1[0.82 087], p<0.00). The nonrlog transformed data fdhe investigation create date
correlation resulted in a weakegative statistically significant relationship (633, 95% CI |

042, -0.23], p<0.00)). The log transformed data for the specimen collection date produced a
strong statistically significant relationship @84 95% CI [081, 087], p = <0.001) and a
moderatenegative statistically significant relationship (#650, 95% CI {0.57,-041], p

<0.001) for the log transformed investigation create date data.

2023
For the year 202the 7day case rate average ranged from 13.2 on 05/29/2023 to 73.7 on

01/09/2023nd the 7day average lag time grouped on specimen collection date ranged from
1.140n B/04/2023to 7.360n05/27/2023and from3.21 on 08/04/20230 26.620n (6/02/2023

for the data grouped by investigation create date. Thdagpmansformed data for the specimen
collection date correlation resulted in a weak, statistically significant relationshifgr96%
Cl1[0.27, 049], p<0.001). The norlog transformed data for éhinvestigation create date
correlation resulted in a very weak, statisticalbt significant relationship (r=01, 95% CI |

0.14, 017], p = 087). The log transformed data for the specimen collection date produced a
weak statistically significant relationship (r=34, 95% CI [022, 0.46], p <0.001) and aery
weak,negative statisticallynot significant relationship (r6.09, 95% CI [0.24, 007], p =0.28

for the log transformed investigation create date data.
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2.2.2.2Wave Specific Results
The results were further broken down into wave specific time frames to better account for wide

ranges of May case rate data.

First Wave
The first COVID-19 wave in this data occurred between 09/19/2020 with a startiag 7

case rate average of 1.59 and 02/19/2021 with an endiag Zase rate average of 1.83. At the
peak of this wave, the highestdy case rate average was 288.5 whighesponded to a-day
average lag time df5.69and5.36for the specimen collection date data and the investigation
create date data respectively. Further differentiation between the overall avelagavérage

lag time can be seen below in figld®
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Figure 31: Time series analysis of theday average lag time between specimen collection date
and investigation create date of positive COMI®test results imported mganualreporting
and the 7day case rate average for CO\UI® cases betwed19/2020 and 2/19/2021.

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHD9. For the specimen collection data there wstsamng statistically
significant relationship (r=84, 95% CI [078, 088], p <0.001). There was\wery weak
negative, statisticallpot significant relationship (r6.15, 95% CI }0.30, 0.01], p =0.07) found

for the investigation create date during fiiist wave time period.
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Figure 32 A scatterplot comparing theday average lag time between specimen collection date
and investjation create date of positive CO\AI test results imported loganualreporting
and thelog 7-day case rate average for COVI® cases betweé19/2020 an®/19/202.

Tablel0: Pear sondos Obther-day axdragenlag timedeatweentsgecimen
collection date and investigation create date of positive C@\est results imported
manuallyand the log ®tlay case rate averages for COVID results between 9/19/2020 and
2/19/2021.

t df* Correlation 95% Cf p-value
Specimen Date 1901 152 0.3 (0.78, 0.88) <0.001
Investigation Date -1.84 152 -0.15 (-0.30, 0.0]) 0.07

*degrees of freedom
A Confidence Interval

Second Wave
The second COVIEL9 wave in this data occurred between 07/06/2021 with a starting 7
day case rate average of 1.57 and 11/27/2021 with an endisig Gase rate average of 2.02. At
the peak of this wave, the highesti&y case rate average was 335.3 wharhesponded to &7
day average lag time @f3.08and6.29for the specimen collection date data and the
investigation create date data respectively. Further differentiation between the overall average 7

day average lag time can be seen below in fi§are

Ingalls |53



Specimen Collection Date Investigation CreatBate
40

° 1500 3
500 ¢ 5
(: C
> 30
10 400 2 Q
1000
yan /\f\
PO N 300 20
e ~N
/ N
J
5 \Jﬁ\\ 200 500
J Ml 10
N\ P
100 P _
// S i T
T _—
0 0
Jul Aug Sep Oct Nov Dec Jul Aug Sep Oct Nov Dec

date date

Figure 33: Time series analysis of theday average lag time between specimen collection d:
and investigation create date of positive COMIDtest results importetianuallyand the 7day
case rate average for COVIID9 cases betweéti6/2021 and 11/27/2021

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHD9. For the specimen collection data there was a strong, statistically
significant relationship (r=07, 95% CI [0.D, 0.8], p <0.001). There wasraoderatenegative,
statistically significant relationship (¥6¢.55, 95% CI }0.65, -0.42], p < 0.001) found for the
investigation create date during this first wave time period.
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Figure 34: A scatterplottomparing the tlay average lag time between specimen collection date
and invesgation create date of positive COVII test results imported loganualreporting
and thelog 7-day case rate average for COVI® cases betweéti6/2021 and 11/27/2021
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Tablell: Pear sonds @bther-day axdraigenlay timedeatwekntsgecimen
collection date and investigation create date of positive C@MDest results imported by

manualreporting and the log-day case rate averages for COVID results between 7/6/2021
and 11/27/2021.

t df* Correlation 95% Cf p-value
Specimen Date  14.62 143 0.77 (0.70, 0.82 <0.001
Investigation Date -7.86 143 -0.55 (-0.65, -0.42) <0.001

*degrees of freedom
A Confidence Interval

Third Wave
The third COVID19 wave in this data occurred between 12/10/2021 with a starting 7

day case rate average of 2.06 and 03/21/2022 with an endiag Gase rate average of 1.60. At

the peak of this wave, the highestidy case rate average was 1,828.7 wbarhesponded to a

7-day average lag time @f7.28and4.80for the specimen collection date data and the
investigation create date data respectively. Further differentiation between the overall average 7

day average lag time can be seen below in fi§6re
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Figure 35: Time series analysis of theday average lag time between specimen collection date
and investigation create date of positive COMI®test results imported loganualreporting
and the 7day case rate average for COVVI® cases betweelr?/10/2021 and 03/21/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge

rate averages for COVHD9. For the specimen collection data there was a strong, statistically
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significant relationship (r=09 95% CI [0.70, 0.8], p <0.001). There wassirong negative,
statistically significant relationship (#6883, 95% CI [0.88, -0.76], p < 0.001) found for the

investigation create date during this first wave time period.
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Figure 36: A scatterplot comparing theday average lag time between specimen collection date
and investjation create date of positive CO\AI® test results imported loganualreporting
and thelog 7-day case rate average for COVUI® cases betweer?/10/2021 and 03/21/2022

Tablel2 Pearsonods Cor r edapavaragelagtirredetweensspebimen we en 7
collection date and investigation create date of positive C@\est results imported by
manualreporting and the log-day case rate averages for COVID results between 12/10/2021

and 03/21/2022.

t df* Correlation 95% Cf p-value
Specimen Date 1280 100 0.79 (0.70, 0.85) <0.001
Investigation Date -14.75 100 -0.83 (-0.88 -0.76) <0.001

*degrees of freedom
A Confidence Interval

Fourth Wave

The fourth COVID19 wave in this data occurred between 03/22/2022 with a starting 7
day case rate average of 1.62 and 11/03/2022 with an endisig Gase rate average of 1.69. At
the peak of this wave, the highesti&y case rate average was 276.6 wharhesponded to a7

day average lag time @R .20and9.98for the specimen collection date data and the
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investigation create date data respectively. Further differentiation between the overall average 7

day average lag time can be seen below in fi§ure

Specimen Collection Date

Apr Jul Oct

date

80

600 9

60

400

40

200 20

Investigation CreatBate

3000 §

se R:

"
2000

1000

Apr Jul Oct
date

Figure 37: Time series analysis of theday average lag time between specimen collection date
and investigation create date of positive COMI®test results imported lmganualreporting
and the 7day case rate average for CO\UI cases betwee}i22/2022 and 11/3/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge

rate averages for COVHR9. For the specimen collection data there was a strong, statistically

significant relationship (r=07, 95% CI [071, 0.8], p <0.001). There wasvaeak negative,

statistically significant relationship (#646, 95% CI }0.56, -0.35], p < 0.001) found for the

investigation create date during this first wave time period.
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Figure 38: A scatterplot comparing theday average lag time between specimen collection date
and invesgation create date of positive COVII test results imported loganualreporting
and thelog 7-day case rate average for COVI® casebetweerB/22/2022 and 11/3/2022.

Tablel3: Pearsonds Cor r edapavaragalagtirredhetweensspebirmen we e n
collection date and investigation create date of positive C@\MDest results imported by
manualreporting and the log-day case rate averages for COVID results for between

3/22/2022 and 11/3/2022.

t df*  Correlation 95% Cf p-value
Specimen Date 17.95 225 0.77 (0.71, 0.82 <0.001
Investigation Date -7.60 225 -0.46 (-056, -0.35 <0.001

*degrees of freedom
A Confidence Interval

2.3 Discussion
This analysis, to our knowledge, is the fitgtook at the lag time between specimen collection

date and investigation create date in public healtleillancesystems in the United Stat€3ur
findings suggest that there is a relationship betweeavbeagdime it takedor a COVID-19
specimen to be collected and the timelkesto arrivein WDRS and the overall-day case rate
averages for COVIEL9. Depending on how the data are broken up into smaller analytic datasets
the #day average lag time resulted in either a positive or a negative relghiovidhihe 7Zday

case rate averages.
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2.3.1Year-Specific Results
For ELR results grouped around the specimen collection date the strongest correlation was found

duringthe year 2023 withhe nonlog transformed dataesulting ina strongpositive,
statistically significant relationship (r=0.87, 95% CI [0.83, 0.90], p <0.001g.results were
similar for the log transformed data filve year2023which produced a strong, statistically
significant relationship (r=0.80, 95% CI [0.75, 0.85], p <0.0BBsults for the data grouped
around the investigation create date were simil#natthe year 2023 produced the strongest
correlation, although stitlassified as weak in relative terms (r=0.38, 95%-QPp, 0.49], p =
<0.001). The log ansformed data for the investigation create date shifted the strongest
correlation for this grouped data to the year of 20&1ich resulted in a negative statistically

significant relationship (r9.43, 95% C1{0.51,-0.34], p <0.001).

For manual results grouped around the specimen collection date the strongest correlation was
found during the year 2022 withd nonlog transformed dateesulting ina strong, positive,
statistically significant relationshifp=0.85, 95% CI [0.82, 0.87], p <0.00The results were

similar for the log transformed data for the year2@®ich produced a strong, statistically
significant relationshigr=0.84, 95% CI [0.81, 0.87], p <0.00Results for the data grouped
around the investigation create dateeveimilarto the ELR resultg that the year 2a2which
produced the strongest correlation, although still classified as weak in rédamsgr=-0.44,

95% CI }F0.53,-0.36], p <0.001)However, he log transformed data for the investigation create
date shifted the strongest correlation for this grouped data to the yeapi2(¢h resulted in a

negative statistically significant relationst{ig-0.50, 95% CI14{0.57,-0.41], p <0.001)
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2.3.2Wave-Specific Results
For ELR results grouped around the specimen collection date the strongest correlation was found

during thethird wave whichresuledin amoderate, statistically significant relationship (r=0.67,
95% CI [0.54, 0.76], p = <0.001RResults for the data grouped around the investigation create
datehad a nearly inverse result during wave four in which there was a moderate, negative,

statistically significant relationship (#8.69, 95% CI{0.75,-0.61], p = <0.001).

For manual results grouped around the specimen collection date the strongest correlation was
found during thdirst wavein which there was a strong, statistically significant relationship
(r=0.84, 95% CI [0.78, 0.88], p <0.00B8s was seen for the ELR data, the results were almost
exactly inverse for the data grouped around the investigation creatd ldatgtrongest

correlation for this data foundstrong, negative, statistically significant relationship@r83,

95% CI }0.88,-0.76], p < 0.001jor wave three.

Through this analysis we saw that there were differences in magnitude of relationships between
ELR andmanually imported cases well as how the data were grouped and whetherdag 7

lag time was centered on the specimen collection date or the investigation create date.

2.3.3Strengths
A major strength of this analysis is the volume of das was @ailable for analysisThe

sample size waughly 2.9million positivelab resultsAdditionally, because there are legal
mandates requiring that test results be reported to the correct authorities, we can be toatfident
we receiedthe vast majority opositive test cases availaplg until a certain time framdhis

changed, howevewhenoverthe-countertests became widely availablEhrough national and
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state funded programs individuals were able to take COVID tests at home, but these results were
typically not reported With this information it is not truly known what theday case rate

averagamay have beebecause ovethe-counter testsvere not able to biactored in®

2.3.4Limitations
An additional limitation for this analysis is the inabilitygmpointwhere along theatapipeline

the lag time is occurringiven the variables provideBor future analyssadditional date
variables along the pipelirghouldbe included to try to identify where a bottleneck might be
occurring to help mitigate some of telaysin case reportind.astly, catawereconstantly
being updatedn the public facinglashboardData were most likelupdated between the time
whenthe data werdownloaded and wén this analysisvasfinalized, ths wasjust a snapshot in
time of what the data looked likehen they were pulledidditionally, the public facing

dashboard no longer contains thdag case rate averages of October 2023.

2.3.5Public Health Significance
The public health significance of this analysis casumamed up into 4 wordsavest in data

modernization Thereis acurrentinitiative by theCouncil for State and Territorial

Epidemiologist{ CSTE)for more data modernization. They are quoted as sdyitigout a

modern, interoperable system to move data from health care to public health, epidemiologists are
left to bridge the gap via sluggish, manual processes that put the nation’&T hiskanalysis

can be an additional data point to support overall agency modernization as there is a direct
correlation between theday case rate averages andaterage ®tlay time lag between when
specimas are collected and when they are received in the state surveillance system,FfdDRS.
future pandemics, this analysis can support the inclusion of a lag time metric to be included in

internal reports to monitor the performance of the surveillance system.
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Chapter 3: Hepatitis B and Hepatitis C Laboratory Testing Timeliness During
The COVID-19 Pandemic Response

3.1 Hepatitis B and C Background
Hepatitis B, caused by theepatitisB virus is transmitted through bodily fluids. Hepatitis

B is a vaccine preventable disease which impacts the liver and is descréieiagacute, a
newly occurring infection, or chronic, an infection lasting longer than 6 mé@fisn when a
person is newly infected withepatitisB there are no symptoms, but during this time they can
infect others. For some heepatitisB infection can lead to cirrhosis and liver cancer.

In Washington State, acutepatitisB caseshave dropped to fewer than 50 cases a year,
while an average of 1,100 cases of chrdwpatitis Bare reported A blood test is used to
determine if an individual is infected with thepatitisB virus. Most individuals who are
diagnosed witthepatitisB have no symptoms, however they are still able to spread hepatitis B to
others through bodily fluids. Early detection is key in helping to stop the sprbagatitisB.

For those with acutkepatitisB, early detection can help with the treatment of symptoms.

Hepatitis C similarto hepatitisB, caneither be acute or chronic. AcuttepatitisC is a
new infection, and a chroniepatitisC infection is one that lasts longer than 6 mofths.

Hepatitis C is a liver infection that is caused byHhbpatitisC virus. Unlike Hepatitis B,

hepatitisC can only be spread through the blood of an infected person, and although not
common, through sexual activity as well. A common sourdeephtitisC infection is through

needle sharing or other equipment used to injeg@sMore than half of those infected with
hepatitisC develop long term chronic infections that can cause cirrhosis and liver cancer. There
is no vaccine fohepatitisC. In Washington State, in 2018, there were 8,085 casgsafic

hepatitis C, and 118 casesaufute hepatiti€ °® Like hepatitisB, hepatitisC is detected by a
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blood test.Early detection ohepatitisC is crucial in the longerm health outcomes of the
patient. Treatments can cure most people thbatitisC in 8 to 12 weeks.

This chapter will analyze thtemeliness ohepatitisB andhepatitisC cases in WDRS by
answering the following questior@oes an increase in theday case rate for COVH29 cases
lead to an increase in theday average lag time (in days) between the date when the specimen
was collected and the date the laboratory result created an investigation in WDiRSaftitisB

andhepatitisC cases reported veectronic laboratory reportingELR)?

3.2Methods

3.2.1Data Sources

There were two data sources used for this analysis. Laboratory result data housed in
WDRS were requested from the Washington State Department of Health after receiving exempt
approval from the Washington Staiestitutional Review BoardProper data sharing processes
outlined by the Department of Healthandthe i ver si ty of wdiefoll@vedii a't
Data were deidentified and contained WDRS unique ID, specimen collection date, investigation
create date, laboratory submitter, for all positive reswdta January 20, 2020, to August 7,
2023. The second data source used was the public facing Washington State T80VID
dashboard. Data were downloaded from the dashboard using the provided links on the website.
Data were downloaded on September 16, 2023.
3.2.2Case Definition

A laboratory result was included in the dataset from the Department of Health if the
result was positive, the specimen collection date was from after 01/20/2020, and the disease was

specified ahepatitisB or hepatitisC. Given the overall aim of this analysis, there was no further
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exclusion based on case classification (such as chronic or acute hepatitisgther the
laboratory result was from out of state. The dataset was then divided into two ¢nepgigjsB
results andhepatitisC results based on the product code variable.

As outlined infigure 12 after separating the laboratory results into the two datassts,
resultwith anerroneous or unjustifiable specimen collection date, sushsgectegp at i ent 6 s
date of birth or a date prior to Januafy 202Q were removed. Laboratory results in which the
investigation create date occurred prior to the specimen collection date were also removed as this
indicated that one of the dates was incorrect; a laboratory result cannot be sent for notification if
ithas®t been col | ect e dthafwere sissing sheziimen caldctmonm date are s u | t s
investigation create date were also removed. Data were further broken down irdpgafic
datasets.

Furthermoreas with chapter ZJata were broken into different time periods based on the
7-day case rate data to identify four time periods, referred to as waves, within the data where
there was a large increase in thdag case rate. The beginning date of the wave was when the 7
day @se rate began to increase substantially, and the end date used was wity thas@é rate
reached its lowest value before beginning to increase agatates and subsequentay case

rates can be seen in tablg 1

Table14: Start and end dates for wave specific data

Start Date Start #day case rate End Date End #day case rate
Wave 1 9/19/2020 1.59 2/19/2021 1.83
Wave 2 07/06/2021 1.57 11/27/2021 2.02
Wave 3 12/10/2021 2.06 03/21/2022 1.60
Wave 4 03/22/2022 1.62 11/03/2022 1.69
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Raw Data

N = 177,641
|
[ l .
HEP C HEP B
N = 123,579 N = 54,062
\
Missing Specimen Missing Specimen
Collection or Investigatio Collection or Investigation
Create Date Create Date
N =123,579 N = 54,062
J
Specimen Specimen
collection date collection date
after 01/20/20 after 01/20/20
N = 123,579 N = 54,062
Investigation create date Investigation create date
before specimen before specimen collection
collection date date
N =123,579 N = 54,062
] ]
| | | |
2020 2021 2022 2023 2020 2021 2022 2023
N = 32,074 N = 34,778 N = 34,399 N = 22,328 N =12,222 N =15,519 N = 15,806 N =10,515

Figure39: Theoverall sample size throughout the data cleaning
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3.3Analysis

The first step in this analysis was to calculate the lag time variable. All analysis was done
using R’ This variable was calculated by subtracting the investigation create date from the
specimen collection date. A rollingday average for lag time was then calculated and grouped
by the specimen collection date and the investigation createAltitee series analysis was
performed on this-day average lag time and on the case rate data available from the @OVID
dashboard. The two time series data vikem overlayed together using the R package ggplot2.
A scatterplot was created as wel |l as a Pearso
7-day average lag time and tha&l&y average case ra@ase rate data were also log transformed
and scatterplots and Pearsoné6és correThsti on we
was completed for bothepatitisB andhepatitisC datasts, year- specificdatasets outlined in

figure 39, and all wavespecific data.

3.4Results

3.4.1Hepatitis B Overall
The overalltime seriesnalysis for the -flay average lag time fbrepatitisB cases and

the 7day case rate averages for COVIB cases between January 2020 and August 2020 can be
seen irfigure 40. The %day case rate average ran@eun 0.0 to 1,828.7The %day average lag

time ranged fron2.66 days to 16.87 daysr data grouped around the specimen collection date
and2.84 to 10.62 for data grouped around the investigation createltiate are additional

peaks seen in the time series for th#ay case rate averages, indicatingséeondandfourth

waves.
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Figure 40: Time seriemnalysis of the -dlay average lag time between specimen collection date
and investigation create date of posithepatitisB test results and the-day case rate average
for COVID-19 cases betweelanuary2020 and August 2023.

A scatterplot was created to visualize any correlation betweendhg &verage lag time
and the 7day case rate average for COVID. As seen irffigure 41 and tablel4, there was a
very weak, statistically significant positive relationship (r=0.09, 95% CI [0.04,,(b18).00)
for the data grouped on specimen collection date r@llagionship for the data grouped on
investigation create date was also weak, and statistically significar2Zr96% CI [016, 027],
p <0.001)There were many points clesed between theday case rate average 6600 and a
7-day lag time average ofID daysThe %day case rate averages were log transforified
results can be seen in figure 42 and tabld_b§.transforming the-day average case data
resulted in arery weak, statistically significant positive relationship (r=0.11, 95% CI [0.58,
0.17], p <0.001) for the data grouped on the investigation create date. There stasstically

significant relationship with the log transformed data grouped on the specotbection date.

Ingalls |68



Specimen Collection Date Investigation CreatBate

L4
R"=0.095,p=0.00086 R=0.22,p=6.8e-15
L)

LT
©
»

*
- o0

~
*
® o0 *

5]
Average Lag Time (days)

e o

Average Lag Time (days)

LJ .
% 0, o000 o ®

0 500 1000 1500 0 500 1000 1500

7-Day Case Rate Average 7-Day Case Rate Average
Figure 41: A scatterplot comparing theday average lag time between specimen collection date
and investigation create date of posithepatitisB test results and the-day case rate average

for COVID-19 cases betweelanuary2020 and August 2023.
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Figure 42: A scatterplot comparing theday average lag time between specimen collection date
and investigation create date of posithwpatitis Btest results and thieg 7-day case rate
average for COVIBL9 cases betweelanuary2020 and August 2023.

3.4.1.1Year- Specific Results
The results were further separated into ygacific time series analysis and scatterplots

to look for any additional relationships. Time series analysis and scatterplots were completed for
the year specific data as was done for the overall total dagainié series analysis for data
grouped around the specimen collection date can be seen in4gjuhe data grouped around

the investigation create date can be seen in figdird scatterplot was created to look at the
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correlation between theday average lag time and thel&@y case rate average for COVID

both by the specimen collection date and investigation create date. As was done for the overall

total data, the analysis was also completed using the log trandf@Grday case rate averages for

COVID-19. The norlog transformed scatterplot can be seen in figérfor the specimen

collection date data and figudé for the investigation create date data. The log transformed data
for the specimen collection date datad investigation create date data can be seen in figdres

and48respectively. All results for the ndno g
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Figure 43: Year- specifictime serieanalysis of the -tlay average lag time between specimen
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collection date and investigation create date of poshimeatitis Btest results and the-@ay
case rate average for COVIID9 casesgrouped by specimen collection date.
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Figure 44: Year- specifictime serieanalysis of the -tlay average lag time between specimen
collection date and investigation create date of poshimeatitis Btest results and the-@ay
case rate average for COVHDI casesgrouped by the investigation create date.
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Figure 45 Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of poshimeatitis Btest results and the-@ay
case rate average for COVIID9 casesgrouped by specimen collection date.
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Figure 46. Yearspecific scatterplots comparing thed@y average lag time between specimen
collection date and investigation create date of positive hepatitis B test results andahe 7
case rate average for COVIID9 cases, grouped by the investigation create.da
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Figure 47: Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of poshieatitis Btest results and thieg 7-day
case rate average for COVIID9 casesgrouped by specimen collection date.
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Figure 48 Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of poshieatitis Btest results and thieg 7-day
case rate average for COVIID9 casesgrouped by the investigation create date.
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Tablel5:Pear sonos

Cor r e {daytverage lag tiens hetweéen speciment h e
collection date and investigation create date of positive hepatitis B test restilie Fuhy case

rate averages for COVHD9 results.

t df* Correlation 95% CI p-value
Specimen Date
Total 3.34 1236 0.09 (0.04, 0.15) 0.001
2020 171 326 0.09 (-0.01, 0.20) 0.09
2021 7.86 352 0.39 (0.29, 0.47) <0.001
2022 0.90 347 0.05 (-0.06, 0.15) 0.37
2023 4.69 205 0.31 (0.18, 0.43) <0.001
Investigation Date
Total 7.89 1255 0.22 (0.16, 0.27) <0.001
2020 0.47 309 0.03 (-0.09, 0.14) 0.65
2021 9.34 363 0.44 (0.35, 0.52) <0.001
2022 18.25 362 0.69 (0.63, 0.74) <0.001
2023 7.49 215 0.46 (0.34, 0.55) <0.001

*degrees of freedom
A Confidence Interval

Tablel6Pear sonos

Cor r e{daytverage lag tiens hetweéen speciment h e
collection date and investigation create date of positive hepatitis B test results and thayog 7

case rate averages for COVID results.

t df* Correlation 95% Cf p-value
Specimen Date
Total 1.20 1210 0.03 (-0.02, 0.09) 0.23
2020 1.43 300 0.08 (0.03, 0.19) 0.15
2021 8.89 352 0.43 (0.34, 0.51) <0.001
2022 -1.87 347 -0.10 (-0.20, 0.01) 0.06
2023 4.72 205 0.31 (0.18, 0.43) <0.001
Investigation Date
Total 4.04 1255 0.11 (0.06, 0.17) <0.001
2020 2.09 309 0.12 (0.00, 0.23) 0.04
2021 7.98 363 0.39 (0.30, 0.47) <0.001
2022 12.79 362 0.56 (0.48, 0.62) <0.001
2023 6.93 215 0.43 (0.31, 0.53) <0.001

*degrees of freedom
A Confidence Interval
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2020
For the yeaR020, the 7day case rate average ranged f@th(multiple dates) to 288.5

on 12/04/2020The nonlog transformed data for the specimen collection date correlation
resulted in a very weak, statistically not significeedationship (r=09, 95% CI }0.01, 0.2], p
= 0.0). The nonrlog transformed data for the investigation create date correlation resulted in a
very weak, statistically not significant relationship (18%).95% CI [0.09, 014], p = 0.6). The
log transformed data for the specimen collection date did not result in a statistically significant
result. There was a weak, negative, statistically significant relationshid2r9€%% CI [000,
0.23], p = 004) found for the log transformed investigation creatie diata.
2021

For the yeaR021, the 7day case rate average ranged from 32.1 on 06/29/2021 to 721 on
12/31/2021The nonlog transformed data for the specimen collection date correlation resulted
in aweakpositiverelationshipthat was statistically significant (r=0.39, 95% CI [0.29, 0.47], p
<0.001) The nonlog transformed data for the investigation create date correlation resulted in a
weak, statistically significant relationship (r4@, 95% CI [035, 052], p <0.00)). The log
transformed data for the specimen ecllonresulted in a weak, positive correlation that was
statistically significant (r=@3, 95% CI [034, 051], p <0.001). There was a weak, , statistically
significant relationshigr=0.39, 95% CI [0.30, 0.47], p <0.00fbund for the log transformed
investigation create date data.
2022

For the year 2022he #day case rate average ranged from 40.5 on 03/20/2022 to 1,828.7
on 01/13/®22 The nonlog transformed data for the specimen collection date correlation
resulted in a very weak, statistically not significant relationship (5:@8% CI [0.06, 015], p

= 0.37). The nonrlog transformed data for the investigation create date correlation resulted in a
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moderate statistically significant relationship (r=68, 95% CI [063, 0.74], p<0.00). The log
transformed data for the specimen collection resulted/aryaweak,negativecorrelation that
wasnot statistically significant (r=0.10, 95% CI F0.20, 001], p=0.06). There was anoderate
statistically significant relationship (r=85, 95% CI [048, 062], p<0.00]) found for the log

transformed investigation create date data.

2023
For the yeaR023, the 7day case rate average ranged from 13.2 on 05/29/2023 to 73.7 on

01/992023 The nonlog transformed data for the specimen collection date correlation resulted
in a weak, statistically significant relationship (r30.95% CI [018, 043], p< 0.00). The non

log transformed data for the investigation create date correlation resultetbioheaate

statistically significant relationship (r=5, 95% CI [034, 055], p <0.00)). The log transformed
data for the specimen collection resulted in akyeorrelation that was statistically significant
(r=0.31, 95% CI [018, 043], p<0.00). There was anoderatestatistically significant

relationship (r=043, 95% CI [031, 053], p<0.00] found for the log transformed investigation

create date data.

3.41.2Wave Specific Results
The results were further broken down into wave specific time frames to better account for wide

ranges of May case rate data.

First Wave
The first COVID-19 wave in this data occurred between 09/19/2020 with a startiag 7

case rate average of 1.59 and 02/19/2021 with an endliag Zase rate average of 1.83. At the
peak of this wave, the highestldy case rate average was 288.5 whighesponded to a-@ay

average lag time &.97and4.45for the specimen collection date data and the investigation
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create date data respectively. Further differentiation between the ovdesllakerage lag time

can be seen below in figudé.
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Figure 49: Time series analysis of theday average lag time between specimen collection date

and investigation create date of posithepatitis Btest results and the-d@ay case rate average
for COVID-19 cases betwed419/2020 and 2/19/2021

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHR9. For the specimen collection data there waeak statistically
significant relationship (r=@0, 95% CI [026, 053], p <0.001). There wasvaeak statistically
significant relationship (r=86, 95% CI [022, 050], p < 0.001) found for the investigation

create date during this first wave time period.
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Figure 50: A scatterplot comparing theday average lag time between specimen collection date
and investation create date of positiveepatitis Btestresultsand the 7day case rate average
for COVID-19 cases betwee®/19/2020 and 2/19/202.

Tablel7: Pear sondos Obther-day axdragenlag timedeatweentsgecimen
collection date and investigation create date of poditagatitis Btest results and the logday
case rate averages for COVID results for 9/19/2020 and 2/19/2021.

t df* Correlation 95% Cf p-value
Specimen Date 5.32 145 0.40 (0.26 0.53 <0.001
Investigation Date 4.84 152 0.36 (0.22 0.50 <0.001

*degrees of freedom
A Confidencdnterval

Second Wave

The second COVIEL9 wave in this data occurred between 07/06/2021 with a starting 7
day case rate average of 1.57 and 11/27/2021 with an endiag Gase rate average of 2.02. At
the peak of this wave, the highestidy case rate average was 335.3 wharhesponded to &7
day average lag time 8t43and3.79for the specimen collection date data and the investigation
create date data respectively. Further differentiation between the ovdeglla®erage lag time

can be seen below in figure 51.
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Figure 51: Time series analysis of theday average lag time between specimen collection d:
and investigation create date of posithepatitis Btest results and the-day case rate average
for COVID-19 cases betweefi6/2021 and 11/27/2021.

As was done for the other analysis a scatterplot was created with the log transtatayechge
rate averages for COVHR9. Forbothspecimen collectiodatedataand the investigation create
date data, there were no statistically significant resltsg thissecondvave time periocs

can be seen in table 18.

r=011,p=020P€cimen Collection Date

»

4.5

Investigation CreatBate
R=0.00033,p=1

o
*

Q —~
L) &
o kS
£
E 5 . . _E 4.0 . . % .
S s " * o 3
o
j ¢ .° * . .‘ 5 — 0 . * o '. 0
? % . ' S 3 3 '3 2 $
o g ; ’ COOAR
E o L4 S f 0 * o . P ® e ,'o: ':
0 <35 .* ®e o *% . o $°'
4 . ..9. : 3 . ® oo o Joo®
. * . o* S
o0 : M % * . ""‘ *3
00 ®® e ., o* :‘ .*: 0'..°’: . .
L] *
. .. 3’... o8 . . .
175 2.00 2.25 2.50 175 2.00 2.25 2.50

log(7-Day Case Rate Average) log(7-Day Case Rate Average)

Figure 52: A scatterplot comparing theday average lag time between specimen collection date
and investjation create date of positiveepatitis Btestresultsand the 7day case rate average
for COVID-19 cases betweeéti6/2021 and 11/27/2021
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Tablel8 Pear sonds Coof the7iday bvierage lag tiens hetwées specimen
collection date and investigation create date of poditagatitis Btest results and the logday
case rate averages for COVID results foi7/6/2021 and 11/27/2021

t df* Correlation 95% Cl p-value
Specimen Date 1.23 140 0.10 (-0.06 0.27 0.21
Investigation Date 0.00 143 0.00 (-0.16 0.16 0.99

*degrees of freedom
~ Confidence Interval

Third Wave
The third COVID19 wave in this data occurred between 12/10/2021 with a starting 7

day case rate average of 2.06 and 03/21/2022 with an endiag Gase rate average of 1.60. At
the peak of this wave, the highestidy case rate average was 1,828.7 wbarhesponded to a
7-day average lag time &t25and 433 for the specimen collection date data and the

investigation create date data respectively. Further differentiation between the odenall 7

average lag time can be seen below in figiBe
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Figure 53: Time series analysis of theday average lag time between specimen collection date
and investigation create date of posithepatitis Btest results and the-day case rate average
for COVID-19 cases betweel?/10/2021 and 03/21/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge

rate averages for COVHR9. For the specimen collection date data there was no significant
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relationship found. There was a moderate, statistically significant relationship (r=0.69, 95% CI

[0.58, 0.78], p < 0.001) found for the investigation create date during this third wave time period.
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Figure 54: A scatterplot comparing thedayaverage lag time between specimen collection date
and investation create date of positiveepatitis Btestresultsand the 7day case rate average
for COVID-19 cases betweel?/10/2021 and 03/21/2022

Tablel9Pear sonods Coof theriday bvierage lag tiens hetwees specimen
collection date and investigation create date of poditagatitis Btest results and the logday
case rate averages for COVID results fol2/10/2021 and 03/21/2022.

t df* Correlation 95% Cf p-value
Specimen Date  -0.81 96 -0.08 (-0.28 0.12 0.42
Investigation Date 9.64 100 0.69 (0.58 0.78 <0.001

*degrees of freedom
A Confidence Interval

Fourth Wave
The fourth COVID19 wave in this data occurred between 03/22/2022 with a starting 7

day case rate average of 1.62 and 11/03/2022 with an endizig Gase rate average of 1.69. At
the peak of this wave, the highesti&y case rate average was 276.6 wharhesponded to &7

day average lag time df16and3.72for the specimen collection date data and the investigation
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create date data respectively. Further differentiation between the ovdesllakerage lag time

can be seen below in figub.
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Figure 55: Time series analysis of theday average lag time between specimen collection date
and investigation create date of posithepatitis Btest results and the-d@ay case rate average
for COVID-19 cases betweedi22/2022 and 11/3/2022

As was done for the other analysis a scatterplot was created with the log transfatayechge
rate averages for COVHR9. There was a weak, negative, statistically significant relationship
(r=-0.30, 95% CI }0.42,-0.17], p < 0.001) found for thepecimen collection dateathduring

this fourthwave time periodi-or theinvestigationcreatedate data there was no significant

relationship founas can be seen in table 20.
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Figure 56. A scatterplot comparing theday average lag time between specimen collection date
and investation create date of positiveepatitis Btestresultsand the 7day case rate average
for COVID-19 cases betwee122/2022 and 11/3/2022

Table20Pear sonds Coof the7iday bvierage lag tiens hetwees specimen
collection date and investigation create date of poditagatitis Btest results and the logday
case rate averages for COVID results foB/22/2022 and 11/3/2022.

t df*  Correlation 95% CI[ p-value
Specimen Date -4.71 217 -0.30 (-0.42 -0.17 <0.001
Investigation Date 1.12 225 0.07 (-0.05 0.20 0.27

*degrees of freedom
A Confidence Interval

3.4.2Hepatitis C Overall

The overalltime seriesnalysis for the -tlay average lag time for Hepatitis C cases and
the #day case rate averages for COVID cases between January 2020 and Augus a2 be
seen irfigure 57. The %#day case rate average ran@eun 0.0 to 1,828.7The #day average lag
time ranged fron2.88 days to ¥.69daysfor data grouped around the specimen collection date

and2.99 to 17.49 for data grouped around the investigation createltiate are additional

peaks seen in the time series for th#ay case rate average
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Figure 57: Time seriemnalysis of the -dlay average lag time between specimen collection date
and investigation create date of posithepatitisC test results and the-@ay case rate average
for COVID-19 cases betweelanuary2020 and August 2023

A scatterplot was created to visualize any correlation betweendhg &verage lag time
and the 7day case rate average for COVID. As seen in figure 58 and table 21, there was a
very weaknegative statistically significant positive relationship (806 95% CI }0.11, 0.00],
p =0.09) for the data grouped on specimen collection theee was no statistically significant
relationship found for the investigation create date ddta.7day case rate averages were log
transformed. The results can be seen in fi§%and table22. Log transforming the-day
average case data resulted in a very weegative statistically significant positive relationship
(r=-0.16, 95% CI [0.22 -0.11], p <0.001) for the data grouped on #pecimen collectiodate.
There was no statisticalkignificant relationship with the log transformed data grouped on the

investigation creatdate.
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Specimen Collection Date Investigation CreatBate
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Figure 58: A scatterplotcomparing the €lay average lag time between specimen collection date
and investigation create date of posithepatitisC test results and the-@ay case rate average
for COVID-19 cases betweelanuary2020 and August 2023.
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Figure 59: A scatterploicomparing the ®lay average lag time between specimen collection date
and investigation create date of posithepatitis Ctest results and thieg 7-day case rate
average for COVIBL9 cases betweelanuary2020 and August 2023.
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3.4.2.1YearSpecific Results

The results were further separated into yg@acific time series analysis and scatterplots
to look for any additional relationships. Time series analysis and scatterplots were completed for
the year specific data as was done for the overall total dagtairb series analysis for data
grouped around the specimen collection date can be seen ind@the data grouped around
the investigation create date can be seen in figliréd scatterplot was created to look at the
correlation between theday aveage lag time and theday case rate average for COVID
both by the specimen collection date and investigation create date. As was done for the overall
total data, the analysis was also completed using the log transfordagdcase rate averages for
COVID-19. The norlog transformed scatterplot can be seen in fig@2for the specimen
collection date data and figué@ for the investigation create date data. The log transformed data
for the specimen collection date data and investigation create dateaticbe seen in figurég
and65respectively. All results forthendnog t ransf or med Pearsonébés co

table2l. Al | |l og transformed results R2r Pearsonb
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collection date and investigation create date of poshieaatitisC test results and the-day
case rate average for COVIID9 casesgrouped by specimen collection date.
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Figure 61. Yearspecifictime seriesnalysis of the -flay average lag time between specimen
collection date and investigation create date of poshieaatitisC test results and the-day
case rate average for COVIIDO casesgrouped by investigation create date.
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Figure 62: Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of poshieaatitisC test results and the-day
case rate average for COVIID9 casesgrouped by specimen collection date.

Ingalls |91



2020 2021

hJ -
R= 0‘096.p=0.ﬁg1 R=. 0.849,p=0.35
]

.

-
o

-

]

Average Lag Time (days)
=
Average Lag Time (days)
[+

.
e e . o

e% 0 o . od
5 4
Yoo +° °

0 100 200 0 200 400 600
7-Day Case Rate Average 7-Day Case Rate Average

2022 2023

6 R=0862,p<22e-16 . R=0.38p=8.1e-09

Average Lag Time (days)
5] @

Average Lag Time (days)

s

0 500 1000 1500 20 40 60
7-Day Case Rate Average 7-Day Case Rate Average

Figure 63: Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of poshieaatitisC test results and the-day
case rate average for COVAIDO casesgrouped by investigation collection date.

Ingalls |92



2020

R=-0.018,p=0.76

..

PR .."‘fu& e

Average Lag Time (days)
=

] * s 4 see

log(7-Day Case Rate Average)

Figure 64: Yearspecificscatterplots comparing theday average lag time between specimen
collection date and investigation create date of posheaatitisC test results and thieg 7-day
case rate average for COVIID9 casesgrouped by specimen collection date.
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