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ABSTRACT 

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

Reporting System  
  

Objectives: The objective of this dissertation was to investigate if an increase in the 7-day case 

rate for COVID-19 cases led to an increase in the 7-day average of time (in days) between the 

specimen collection date and the investigation create date in the Washington State Disease 

Reporting System (WDRS) for COVID-19 cases reported through electronic laboratory reporting 

(ELR), COVID-19 cases manually entered, Hepatitis B cases reported through ELR, and 

Hepatitis C cases reported through ELR. Additionally, this dissertation analysis will retroactively 

assign the COVID-19 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 facing Washington State COVID-19 dashboard. All analysis were completed in R. A 

rolling 7-day average lag time variable was created by subtracting the investigation create date 

from the specimen collection date. A time series analysis, scatterplots, and Pearsonôs 

Correlations were completed using the 7-day average lag times and case rate data available from 

the COVID-19 dashboard. All analyses were completed for ELR, manual, year-specific, and 

wave-specific datasets. To reassign the COVID-19 case classification a total count of laboratory 

results were created using R and a 90-day 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 the 7-day COVID-19 case rate average. Magnitude 

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 approximately 7,165 laboratory results that 

could be considered reinfections in the first year and a half of the pandemic response by applying 

the updated COVID-19 reinfection case classification.  

 

Conclusions 

In conclusion this dissertation outlines 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 lag between when tests were completed and when they were received in the 

surveillance system. Future research should focus on identifying where along the informatics 

pipeline the lag is occurring so that we can work to improve efficiency and be better prepared to 

respond to the next pandemic.  
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Chapter 1: Background  

Public health surveillance is defined by the Centers for Disease Control and Prevention 

(CDC) as: ñthe ongoing, systematic collection, analysis, and interpretation of health-related data 

essential to planning, implementing, and evaluating public health practice, closely integrated 

with the timely dissemination of these data to those responsible for prevention and control.ò1 

Public health surveillance is integral in the identification and early detection of both infectious 

and non-infectious disease. There are many objectives of public health surveillance, which may 

change given disease and transmission type, but the overall characteristics of surveillance 

include the four following areas of importance:  

1. ñTimeliness, to implement effective control measures. 

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 disease.ò2 

Surveillance is one of the fundamental pillars of epidemiology and an expansive topic. The focus 

of this dissertation will be to further understand one of the four characteristics of surveillance 

listed above, the timeliness of public health surveillance data.  

1.1 Defining Public Health Surveillance Systems 

To understand the nuances and timeliness of a state surveillance system, we must first 

understand the regulations required of this integral public health tool. A public health 

surveillance system is an essential public health function defined by the ongoing systematic 

collection, compilation, analysis, and dissemination of data on reportable diseases and other 



 Ingalls | 2 

events that present a potential threat to public health security.3 Notifiable conditions range from 

infectious diseases, such as COVID-19, Ebola, and hepatitis A, B, and C, among many others, to 

foodborne disease outbreaks such as E. Coli. Noninfectious conditions, such as childhood lead 

poisonings and other heavy metal poisonings, are also monitored and evaluated by the CDC. 

Each year there are approximately 2.7 million disease cases reported to the CDC. 4  

Data collected for these notifiable conditions are required to be stored in state 

surveillance systems. However, it is up to each individual state on the surveillance system used. 

There is currently no standard used across all states, and not all surveillance systems have the 

same functionalities. While very few states use cloud-based applications, others are open source 

or óhomegrownô, as in developed by the states themselves. Outside of directly contacting each 

state and inquiring which system they use, there is little public information on the specifics of 

surveillance systems used by each. However, a few have risen to popularity and were adapted by 

other state and local health departments.  

One example of this, a homegrown surveillance system, is The Massachusetts Virtual 

Epidemic Network (MAVEN). MAVEN, a web-based application that joined many disease 

databases into one, was deployed by the Massachusetts Department of Health in 2006. 5 The 

person-based application in which individual cases can be linked together in one shared database 

across disease conditions, became popular and now over a dozen states and even some 

international health jurisdictions use this database structure for their own disease surveillance.  

As pictured in figure 1 below, electronic laboratory reports and electronic case reports are 

sent in real time via HL7 to the MAVEN database. HL7s are files that meet international 

standards for exchange, integration and sharing across electronic health information to allow for 

seamless integration between data systems. 6 Any organization that wants to receive laboratory 
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results electronically, must follow the standardizations outlined in HL7 messages. Using HL7s to 

transmit laboratory data allows for standardization of values across agencies at the county, state, 

and federal levels. In the surveillance system described below, when new results are received 

from a laboratory for a notifiable condition, a new case is either created or the laboratory result is 

attached to an existing person inside the database. This allows for seamless disease management 

for any condition of interest as you can easily see which diseases an individual has tested 

positive for.  

 

Figure 1: Schematic of a person-based disease surveillance system5 

 

 

An additional homegrown surveillance system, the Utah National Electronic Disease 

Surveillance System, commonly referred to as EpiTrax, was developed by the Utah State 
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Department of Health. EpiTrax is open source and available for other states to utilize; like 

MAVEN, EpiTrax offers multiple disease management.7 The information collected and stored 

within public health surveillance systems are essential to the overall health of the public as this 

data is used for planning, implementing, and evaluating public health interventions and 

programs, as well as allowing diseases investigators to be aware of disease outbreaks. 8  

Each surveillance system has its strengths and weaknesses, many of which were 

highlighted and exacerbated during the response to the COVID-19 pandemic. High web traffic 

and the sheer load of laboratory results entering the systems caused delays across the United 

States, resulting in backlogs of cases and processing delays. Public health has historically not 

received funding for modernization and many local and state health departments were still 

relying on fax machines and paper results that then needed to be manually entered into the 

electronic databases.  

Dr. Umair Shah, who at the time was the Executive Director at the Harris County Public 

Health Department in Texas, now the Secretary of Health for Washington State, was quoted in 

the New York Times noting that the ódata is moving slower than the diseaseô when referencing 

the fact that there were hundreds of paper faxes awaiting manual input.9 The issue of the fax 

machine was occurring across the country. In Washington State, over 2 dozen members of the 

National Guard were brought in to assist with manual data entry.9  

1.2 Public Health Surveillance in Washington State 
 

In Washington State, The Reporting Array for Incident, Non Infectious and Infectious 

Event Response Suite (RAINIER Suite) includes five interconnected applications which 

centralize the collection and processing of statewide mandatory reporting of disease and 

environmental public health conditions.10 One instrumental application of the RAINIER suite is 
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the Washington State Disease Reporting System (WDRS), an electronic disease surveillance 

system that allows public health staff in Washington State to receive, enter, manage, process, 

track and analyze disease-related data.11  

WDRS was officially deployed for statewide use in 2017 with the development of the 

tuberculosis disease model. The general communicable disease (GCD) model, which houses 

COVID-19, was deployed on June 25, 2018.11 Additionally, the Contact Risk Exposure 

Surveillance Tool (CREST), which was stood up during the response to COVID-19, is used for 

contact tracing and case investigation and housed under the RAINIER Suite. Together these 

applications were the cornerstones of the COVID-19 pandemic response in Washington State.  

Information, such as case level data, laboratory reports, and hospitalization data, enters WDRS 

through a variety of data streams, including:  

- electronic laboratory reports (ELRs) 

- electronic case reports (eCRs) 

- healthcare facilities 

- non-health care sources 

WDRS provides local and state agencies with a way to manage and report notifiable conditions, 

disease outbreaks, and disease investigations. 11 

1.2.1 Reporting Requirements 

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

departments, but those that are, have legal requirements outlined in the Washington 

Administrative Code (WAC) detailing the timing in which the proper health authorities need to 

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

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

fax.  In response to the COVID-19 pandemic and under the Coronavirus Aid, Relief and 
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Economic Security (CARES) Act (Public Law 116-136, § 18115(a)), The U.S. Department of 

Health and Human Services required every laboratory that performed or analyzed a test that is 

intended to detect SARS-CoV-2 or to diagnose a possible case of COVID-19 to report the results 

of such test to the Secretary. 12 Under WAC 246-101-101, laboratories are required to report any 

positive result by any method immediately to the Local Health Jurisdiction (LHJ). 13 In summary, 

by law, laboratories must report results to state and local health departments.  For positive acute 

hepatitis B results and chronic hepatitis B results must be reported within 24 hours.14 According 

to the WAC Chapter 246-101, the local health jurisdiction must be notified of a positive acute 

hepatitis C results and chronic hepatitis C result within 2 days.15   

When test results are sent 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 any number of reasons. 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). 

 

1.3 WDRS Utilization  

1.3.1 Limitations in Case Processing 

During the COVID-19 pandemic, WDRS was rapidly modified and updated to house and 

receive COVID-19 laboratory reports. As with many other states the influx of laboratory reports 

created many delays in processing and reporting. By August of 2022, there were approximately 
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1.8 million COVID-19 cases identified in Washington State.16 This indicates the number of 

positive laboratory reports that were processed by WDRS and excludes negative results that were 

also processed and imported into the system. Not only did the number of COVID-19 cases cause 

strain on Washingtonôs healthcare system, but it also at times overwhelmed the informatics 

systems. Given the very large number of laboratory reports that were being processed and the 

additional staff that were accessing the web-based service, several delays ensued. An article from 

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

Washington State, reads: 

 

óThe stateôs electronic disease surveillance system, the Washington Disease Reporting 

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 results for COVID-19. 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 

lagging. But testing continues uninterrupted. In Pierce County, weôre trying to bridge the 

WDRS reporting gap by receiving positive test results faxed directly from some 

laboratories.ô 17 

 

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

 

óOn 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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in todayôs total case counts. As of 12/17/2020, Negative test results 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 caution. 18ô 

 

Many other notices of this nature were sent to public health stakeholders and partners responsible 

for responding to the COVID-19 pandemic. A note posted on the COVID-19 dashboard for 

Washington state read:  

óTime 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 processes.ô16 

  

Slowdowns seemed to follow the ebb and flow of the waves of the pandemic with the 

influx of cases causing extra traffic to the system and the large influx of cases adding strain to 

the ELR and informatics pipelines. 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 

hypothesized that these impacts on laboratory reporting were not only for COVID-19, but rather 

for several other conditions as well. This dissertation will focus on additional conditions of 

interest, hepatitis B and C, which are also housed within WDRS. 

1.3.2 Reassigning case definitions 

As the world learned more about COVID-19, case classifications naturally changed to 

address emerging information, as is typical when responding to a novel disease.  
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This dissertation will additionally focus on the updated case classification referring to reinfection 

cases. In the original case classification documentation approved by the CDC in April 2020 there 

was not enough data to provide guidance on what would classify as a COVID-19 reinfection. 19 

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 were met.19 

¶ SARS-CoV-2 sequencing results from the new positive specimen and a positive specimen 

from the most recent previous case demonstrate a different lineage, 

¶ Person was most recently enumerated as a confirmed or probable case with onset date (if 

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

¶ 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-day timeframe and the system was updated on September 1, 2021 all cases after this date 

would be evaluated using the new classification provided by the CDC and all classes before 

September 1, 2021 would stay the same.20 In August of 2022, a report 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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Figure 2: Reinfection and associated hospitalizations and death20 

As is seen in figure 2 above, there were 68,728 reinfections in approximately one year, 

2.7% of reinfected patients were hospitalized, and 0.3% of reinfected patients died. The third aim 

of this dissertation will work to retroactively assign the reinfection case classification to COVID-

19 data from January 2020 to August 2021. This dataset will be provided back to the developers 

of WDRS to support in previous case matching.   

1.4 Public Health Significance  
As with most diseases, early detection is critical in helping to stop the spread of 

infections and to improve the health outcomes of those diagnosed. Timely notification as 

highlighted above is one of the cornerstones of a successful surveillance system. Outbreak 

identification and coordination would not be possible if there were to be a delay in reporting 

either notifiable or new cases of a novel disease. This is for both infectious disease and non-

infectious disease as timeliness can also be a cornerstone in identifying an environmental 

contaminant or exposure. An integral part of disease surveillance is case investigation and 

contact tracing (CICT). The ability to be notified of a person with the disease and subsequent 

identification of contacts through interviews and contact tracing is essential for all infectious 

disease management. Although the COVID-19 pandemic exacerbated issues with 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. 

1.5 Dissertation Thesis Statement 
This dissertation aims to investigate if an increase in the 7-day case rate for COVID-19 

cases led to an increase in the 7-day average of time (in days) between the specimen collection 

date and the investigation create date in WDRS for the following: 1) COVID-19 cases reported 

through ELR, 2) COVID-19 cases manually entered, 3) Hepatitis B cases reported through ELR, 

and 4) Hepatitis C cases reported through ELR. Additionally, this dissertation analysis will 

retroactively assign the COVID-19 reinfection case classification to cases between January 2020 

and September 2021 and compare the hospitalization 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 was identified in Washington State on 

January 20, 2020. 1 An infectious disease that is caused by the SARS-CoV-2 virus, and has killed 

more than 1 million Americans2, COVID-19 has been one of the most devastating health crises 

to impact the United States in decades. As described previously, early detection is critical in 

helping to stop the spread of infectious disease, which was no different for the control of 

COVID-19. Timely notification was essential for public health officials to identify outbreaks and 

care for those that were most at risk. During the COVID-19 pandemic, contact tracing and case 

investigation were vital in slowing the spread. The rapid notification of cases and identification 

of contacts was essential for COVID-19 disease management. The ability to contact cases and 

identify close contacts allowed individuals to protect themselves from possible COVID-19 

exposures.  

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 any number of reasons. 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). This chapter will analyze the timeliness of COVID-19 cases in 

WDRS by answering the following questions.  

Does an increase in the 7-day case rate for COVID-19 cases lead to an increase in the 7-

day average lag time (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 reported via 

electronic laboratory reporting (ELR)? Subsequently, does an increase in the 7-day case rate for 
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COVID-19 cases lead to an increase in the 7-day average lag time (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 reported imported manually into WDRS? 

2.1 Methods 

2.1.1 Data 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 State Institutional Review Board. Proper data sharing processes 

outlined by the Department of Health and the University of Hawaiᾶi at MǕnoa were followed. 

Data were deidentified and contained WDRS unique ID, specimen collection date, investigation 

create date, and laboratory submitter, for all positive results from January 20, 2020, to August 7, 

2023. The second data source used was the public facing Washington State COVID-19 

dashboard. Data were downloaded from the dashboard using the provided links on the website. 

Data were downloaded on September 16, 2023.  

2.1.2 Case 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 as COVID-19. Given the overall aim of this analysis, there was no further exclusion 

based on case classification (whether the result was suspect, probable, or confirmed COVID-19 

infection), whether the laboratory result was from out of state, if it was a false positive, or if it 

was a reinfection. The dataset was then divided into two groups, ELR and manually entered, 

based on whether the submitter value for the data was missing as manually entered data do not 

contain a submitter value.  
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As outlined in figure 3 after separating the laboratory results into the two datasets, any 

results with an erroneous or unjustifiable specimen collection date, such as suspected patientôs 

date of birth or a date prior to January 20, 2020, 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 

it hasnôt been collected first. Laboratory results that were missing specimen collection date or 

investigation create date were also removed. Laboratory data for January 2020 were also closely 

reviewed for when data were consistently being reported every day. To align with the 7-day case 

rate average data from the dashboard, laboratory results prior to February 21, 2020, were 

removed. Data were also removed where the lag time was greater than 365 days. Examining 

these cases, we found that they had several differing specimen collection dates, but 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 substantial time frame between when the specimens were collected and 

when they were received. Data were further broken down into year-specific datasets and wave 

specific datasets. 

Furthermore, data 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 the 7-day case rate. The beginning date of the wave was when the 7-day case rate 

began to increase substantially, and the end date used was when the 7-day case rate reached its 

lowest value before beginning to increase again. The waves are visually represented in figure 4, 

all dates and subsequent 7-day case rates can be seen in table 1. 
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Figure 3: The overall sample size throughout data cleaning
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Figure 4: Identification of 4 waves of data for the 7-day case rate averages.  
 

 

 

Table 1: Start and end dates for wave specific data. 

 Start Date Start 7-day case rate End Date End 7-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 

  

First Second 

Third 

Fourth 
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2.1.3 Analysis 

 

The first step in this analysis was to calculate the lag time variable. All analysis was done 

using R3. This variable was calculated by subtracting the investigation create date from the 

specimen collection date. On the remaining data we calculated a rolling 7-day average for lag 

time which was then calculated and grouped by specimen collection date and investigation create 

date.  A time series analysis was performed on these two 7-day average lag times and on the case 

rate data available from the COVID-19 dashboard. The two time series data were then overlayed 

together using the R package ggplot24. A scatterplot was created as well as a Pearsonôs 

correlation to check for correlation between the 7-day average lag times and the 7-day average 

case rate. Case rate data were also log transformed and scatterplots and  Pearsonôs correlation 

were completed with the log transformed data. All analyses were completed for both manual, 

ELR data, year-specific datasets, and wave-specific datasets. 

 

2.2 Results 

2.2.1 ELR Overall 

The overall time series analysis for the 7-day average lag time and the 7-day case rate 

averages for COVID-19 cases between February 2020 and August 2023 can be seen in figure 5. 

The 7-day case rate average ranged from 0.0 to 1,828.7. The 7-day average lag time, when 

grouped by the specimen collection date ranged from 0.39 days to 19.67 days. The 7-day average 

lag time, when grouped by the investigation create date ranged from 0.72 days to 25.73 days. 

The highest 7-day case rate average occurred during what could be defined as the third wave in 

this analysis, mid-December to mid-March. For the data grouped around the specimen collection 

date, there was one initial large spike in the 7-day average lag time in the very beginning of 2020 

which could be due to COVID-19 being a novel condition and laboratory reporting being 
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established.  There are several spikes in the 7-day average lag time centered around the 

investigation create date, which will be further explored in the upcoming year-specific results.  

 

Figure 5: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate average for COVID-19 cases between February 

2020 and August 2023.    

A scatterplot was created to visualize any correlation between the 7-day average lag time and the 

7-day case rate average for COVID-19. As seen in figure 6, data were heavily clustered between 

0-500 for the 7-day case rate average. There were several outliers for both the 7-day average lag 

time and the 7-day case rate average. A scatter plot using the log value of the 7-day case rate 

average can be seen in figure 7. Even after completing the log transformation, data were still 

heavily clustered together and many outliers still existed. The overall correlation for the non-log 

transformed data can be seen in table 2. For the data grouped around the specimen collection 

date there was a very weak, statistically significant relationship (r=0.07, 95% CI [0.02, 0.13], p = 

0.01). The results for the data grouped around the investigation create date were similar, there 

was a very weak, statistically significant relationship (r=-0.07, 95% CI [-0.13, -0.01], p = 0.01). 

The log transformed results can be seen in table 3. As can be seen with the scatterplot, results for 

the Pearsonôs Correlation data did not produce more substantial results. The data grouped around 

Investigation Create Date Specimen Collection Date 
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the specimen collection data were not statistically significant. The data grouped around the 

investigation create date still had a very weak, statistically significant relationship (r=-0.08, 95% 

CI [-0.14, -0.03], p =0.003). 

 

Figure 6: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate average for COVID-19 cases between February 

2020 and August 2023.  
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Figure 7: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between February 

2020 and August 2023.  

 

2.2.1.1 Year-Specific Results 

 

The results were further separated into year-specific 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 data. The time series analysis for data 

grouped around the specimen collection date can be seen in figure 8, the data grouped around the 

investigation create date can be seen in figure 9. A scatterplot was created to look at the 

correlation between the 7-day average lag time and the 7-day case rate average for COVID-19 

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 transformed 7-day case rate averages for 

COVID-19. The non-log transformed scatterplot can be seen in figure 10 for the specimen 

collection date data and figure 11 for the investigation create date data. The log transformed data 

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

and 13 respectively. All results for the non-log transformed Pearsonôs correlations can be seen in 

table 2. All log transformed results for Pearsonôs correlations can be seen in table 3.  

Specimen Collection Date Investigation Create Date 
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Figure 8: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the 7-day case rate average for COVID-19 cases, grouped 

by specimen collection date.  
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Figure 9: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the 7-day case rate average for COVID-19 cases, 

grouped by investigation create date. 
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Figure 10: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the 7-day case rate average for COVID-19 cases, grouped 

by specimen collection date. 
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Figure 11: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the 7-day case rate average for COVID-19 cases, grouped 

by investigation create date. 
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Figure 12: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the log 7-day case rate average for COVID-19 cases, 

grouped by specimen collection date. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Ingalls | 28 

Figure 13: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the log 7-day case rate average for COVID-19 cases, 

grouped by investigation create date. 
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Table 2: Pearsonôs Correlation results of the 7-day average lag time between specimen collection 

date and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate averages for COVID-19 results.  

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 

 

Table 3: Pearsonôs Correlation results of the 7-day average lag time between specimen collection 

date and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate averages for COVID-19 results. 

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 
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2020  

For the year 2020 the 7-day case rate average ranged from 0.0 (multiple dates) to 288.5 

on 12/04/2020 and the 7-day average lag time grouped on specimen collection date ranged from 

2.72 on 04/17/2020 to 19.78 on 02/27/2020 and from 1.99 on 10/21/2020 to 8.13 on 07/08/2020 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a very weak, statistically not significant relationship (r=-

0.01, 95% CI [-0.13, 0.10], p = 0.80). The non-log transformed data for the investigation create 

date correlation resulted in a very weak, statistically significant relationship (r=0.12, 95% CI [-

0.01, 0.23], p = 0.04). The log transformed data for the specimen collection date produced a 

moderate, negative, statistically significant relationship (r=-0.50, 95% CI [-0.58, -0.41], p 

<0.001) and a weak, positive, statistically significant relationship (r=0.20, 95% CI [0.08, 0.30], p 

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

2021 

For the year 2021 the 7-day case rate average ranged from 32.1 on 06/29/2021 to 721 on 

12/31/2021 and the 7-day average lag time grouped on specimen collection date ranged from 

2.05 on 10/29/2021 to 10.52 on 01/14/2021 and from 1.47 on 11/08/2021 to 21.83 on 07/18/2021 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a weak, negative, statistically significant relationship (r=-

0.33, 95% CI [-0.42, -0.23], p = <0.001). The non-log transformed data for the investigation 

create date correlation resulted in a weak, negative, statistically significant relationship (r=-0.35, 

95% CI [-0.44, -0.26], p = <0.001). The log transformed data for the specimen collection date 

produced a weak, negative, statistically significant relationship (r=-0.25, 95% CI [-0.34, -0.15], p 

= <0.001) and a weak, negative, statistically significant relationship (r=-0.43, 95% CI [-0.51, -

0.34], p = <0.001) for the log transformed investigation create date data.  
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2022 

For the year 2022 the 7-day case rate average ranged from 40.5 on 03/20/2022 to 1,828.7 

on 01/13/2022 and the 7-day average lag time grouped on specimen collection date ranged from 

0.90 on 12/30/2022 to 11.26 on 12/07/2022 and from 1.14 on 07/24/2022 to 17.60 on 02/28/2022 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a weak, positive, statistically significant relationship 

(r=0.31, 95% CI [0.21, 0.40], p = <0.001). The non-log transformed data for the investigation 

create date correlation resulted in a very weak, negative, statistically significant relationship (r=-

0.14, 95% CI [-0.24, -0.04], p = 0.01). The log transformed data for the specimen collection date 

produced a weak, statistically significant relationship (r=0.19, 95% CI [0.09, 0.29], p = <0.001) 

and a weak, negative, statistically significant relationship (r=-0.39, 95% CI [-0.48, -0.36], p = 

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

2023 

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

01/99/2023 and the 7-day average lag time grouped on specimen collection date ranged from 

0.39 on 08/07/2023 to 5.78 on 01/07/2023 and from 0.72 on 07/30/2023 to 25.73 on 04/03/2023 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a strong, positive, statistically significant relationship 

(r=0.87, 95% CI [0.83, 0.90], p = <0.001). The non-log transformed data for the investigation 

create date correlation resulted in a weak, statistically significant relationship (r=0.38, 95% CI [-

0.26, 0.49], p = <0.001). The log transformed data for the specimen collection date produced a 

strong, statistically significant relationship (r=0.80, 95% CI [0.75, 0.85], p = <0.001) and a weak, 

statistically significant relationship (r=0.37, 95% CI [0.25, 0.48], p = <0.001) for the log 

transformed investigation create date data.  
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2.2.1.2 Wave-Specific Results 

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

ranges of 7-day case rate data.  

First Wave 

The first COVID-19 wave in this data occurred between 09/19/2020 with a starting 7-day 

case rate average of 1.59 and 02/19/2021 with an ending 7-day case rate average of 1.83. At the 

peak of this wave, the highest 7-day case rate average was 288.5 which corresponded to a 7-day 

average lag time of 5.29 and 14.49 for the specimen collection date data and the investigation 

create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 14.   

 

Figure 14: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate average for COVID-19 cases between 9/19/2020 

and 2/19/2021.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. 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 the 7-day case rate averages, as further seen in table 4.  

Specimen Collection Date Investigation Create Date 
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Figure 15: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between 

9/19/2020 and 2/19/2021.   
 

Table 4: Pearsonôs Correlation results of the  7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the log 7-day case rate averages for COVID-19 results for 

9/19/2020 and 2/19/2021. 

  t df*  Correlation 95% CI^ 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 

*degrees of freedom 

^ Confidence Interval 

 

 

Second Wave 

The second COVID-19 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 ending 7-day case rate average of 2.02. At 

the peak of this wave, the highest 7-day case rate average was 335.3 which corresponded to a 7-

day average lag time of 2.39 and 2.48 for the specimen collection date data and the investigation 

create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 16.   

Specimen Collection Date Investigation Create Date 
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As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection there were no statistically significant 

relationships identified during this second wave between the 7-day average lag time and the 7-

day case rate averages, as further seen in table 5. There was a moderate, negative, statistically 

significant relationship (r=-0.48, 95% CI [-0.59, -0.34], p = <0.001) found for the investigation 

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

17 there are substantial outliers in this data.  

 

 

 

 

 

 

 

 

 

 

Figure 16: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic laboratory 

reporting and the 7-day case rate average for COVID-19 cases between 7/6/2021 and 11/27/2021.   

 

Specimen Collection Date Investigation Create Date 
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Figure 17: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between 7/6/2021 

and 11/27/2021.   

 

Table 5: Pearsonôs Correlation results of the 7-day average lag time between specimen collection 

date and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate averages for COVID-19 results between 

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

  t df*  Correlation 95% CI^ p-value  

Specimen Date -1.53 143 -0.13 (-0.28, 0.04) 0.13 

Investigation Date -6.52 143 -0.48 (-0.59, -0.34) <0.001 

*degrees of freedom 

^ Confidence Interval 

 

Third Wave 

The third COVID-19 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 ending 7-day case rate average of 1.60. At 

the peak of this wave, the highest 7-day case rate average was 1,828.7 which corresponded to a 

7-day average lag time of 4.95 and 8.31 for the specimen collection date data and the 

investigation create date data respectively. Further differentiation between the overall 7-day 

average lag time can be seen below in figure 18.   

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 18: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate average for COVID-19 cases between 12/10/2021 

and 03/21/2022.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a moderate, statistically 

significant relationship (r=0.67, 95% CI [0.54, 0.76], p = <0.001). There was a moderate, 

negative, statistically significant relationship (r=-0.45, 95% CI [-0.59, -0.27], p = <0.001) found 

for the investigation create date during this third wave time period.  

 

 

 

 

 

 

 

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 19: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between 

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

 

Table 6: Pearsonôs Correlation results between 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the log 7-day case rate averages for COVID-19 results 

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

  t df*  Correlation 95% CI^ p-value  

Specimen Date 8.99 100 0.67 (0.54, 0.76) <0.001 

Investigation Date -4.97 100 -0.45 (-0.59 -0.27) <0.001 

*degrees of freedom 

^ Confidence Interval 

 

Fourth Wave 

The fourth COVID-19 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 ending 7-day case rate average of 1.69. At 

the peak of this wave, the highest 7-day case rate average was 276.6 which corresponded to a 7-

day average lag time of 2.32 and 1.27 for the specimen collection date data and the investigation 

create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 20.   

 

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 20: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the 7-day case rate average for COVID-19 cases between 3/22/2022 

and 11/3/2022.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a weak, negative, 

statistically significant relationship (r=-0.30, 95% CI [-0.41, -0.18], p = <0.001). There was a 

moderate, negative, statistically significant relationship (r=-0.69, 95% CI [-0.75, -0.61], p = 

<0.001) found for the investigation create date during this fourth wave time period.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 21: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between 

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

 

 

Table 7: Pearsonôs Correlation results between 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

electronic laboratory reporting and the log 7-day case rate averages for COVID-19 results 

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

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 

 

 

2.2.2 Manual Overall  

Manual laboratory results are any results that entered WDRS not by ELR. These results 

could be manually entered by staff or imported directly into WDRS using Excel spreadsheets. 

The overall time series analysis for the 7-day average lag time between specimen collection date 

and investigation create date for positive COVID-19 test results manually imported and the 7-

day case rate averages for COVID-19 cases between February 2020 and August 2023 can be 

seen in figure 22. The 7-day case rate average ranged from 0.0 to 1,828.7. The 7-day average lag 

time ranged from 0 days to 146 days for the data grouped by specimen collection date and 0 to 

Specimen Collection Date Investigation Create Date 
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200 days for data grouped by investigation create date. Overall, the 7-day lag time averages 

grouped by the specimen collection date mirrored the 7-day case rate averages closely. The data 

grouped by investigation create date had several peaks throughout the study period as seen in 

figure 22.   

 

Figure 22: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results manually imported and the 7-day 

case rate average for COVID-19 cases between February 2020 and August 2023. 

 

 

 

A scatterplot was created to visualize any correlation between the 7-day average lag time and the 

7-day case rate average for COVID-19. As seen in figure 23, data were heavily clustered 

between 0-500 for the 7-day case rate average. There were several outliers for both the 7-day 

average lag time and the 7-day case rate average. A scatter plot using the log value of the 7-day 

case rate average can be seen in figure 24. Even after completing the log transformation, data 

were still heavily clustered together and many outliers still existed. The overall correlation for 

the non-log transformed data can be seen in table 8. For the data grouped around the specimen 

collection date there was a moderate, statistically significant relationship (r=0.58, 95% CI [0.55, 

0.62], p = <0.001). The results for the data grouped around the investigation create date however 

Investigation Create Date Specimen Collection Date 
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were a very week, negative, statistically significant relationship (r=-0.12, 95% CI [-0.18, -0.06], 

p <0.001). The log transformed results can be seen in table 9. As can be seen with the scatterplot, 

results for the Pearsonôs Correlation data did not produce more substantial results. The data 

remained statistically significant with very little changes to each correlation coefficient.  

 

Figure 23: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results manually imported and the 7-day 

case rate average for COVID-19 cases between February 2020 and August 2023. 

 

 

Figure 24:A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by electronic 

laboratory reporting and the log 7-day case rate average for COVID-19 cases between February 

2020 and August 2023. 
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2.2.2.1 Year-Specific Results 

The results were further separated into year-specific 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 data. The time 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 the 7-day average lag time and the 7-day case rate average for COVID-19 

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 transformed 7-day case rate averages for 

COVID-19. The non-log transformed scatterplot can be seen in figure 27 for the specimen 

collection date data and figure 28 for the investigation create date data. The log transformed data 

for the specimen collection date data and investigation create date data can be seen in figures 29 

and 30 respectively. All results for the non-log transformed Pearsonôs correlations can be seen in 

table 8. All log transformed results for Pearsonôs correlations can be seen in table 9.  
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Figure 25: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the 7-day case rate average for COVID-19 cases, grouped by specimen collection 

date.  
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Figure 26: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the 7-day case rate average for COVID-19 cases, grouped by investigation create 

date. 
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Figure 27: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the 7-day case rate average for COVID-19 cases, grouped by specimen collection 

date. 
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Figure 28: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the 7-day case rate average for COVID-19 cases, grouped by investigation create 

date. 
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Figure 29: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the log 7-day case rate average for COVID-19 cases, grouped by specimen 

collection date. 
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Figure 30: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results manually 

imported and the log 7-day case rate average for COVID-19 cases, grouped by investigation 

create date. 
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Table 8: Pearsonôs Correlation results of the 7-day average lag time between specimen collection 

date and investigation create date of positive COVID-19 test results manually imported and the 

7-day case rate averages for COVID-19 results. 

  t df*  Correlation        95% CI^ p-value 

Specimen Collection        

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 

^ Confidence Interval 

 

Table 9: Pearsonôs Correlation results of the 7-day average lag time between specimen collection 

date and investigation create date of positive COVID-19 test results manually imported and the 

log 7-day case rate averages for COVID-19 results. 

  t df*  Correlation        95% CI^ p-value 

Specimen Collection        

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 

^ Confidence Interval 

 

 

2020  

For the year 2020 the 7-day case rate average ranged from 0.0 (multiple dates) to 288.5 

on 12/04/2020 and the 7-day average lag time grouped on specimen collection date ranged from 
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6.0 on 10/19/2020 to 36.55 on 03/13/2020 and from 3.10 on 10/28/2020 to 11.54 on 09/28/2020 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a very weak, statistically not significant relationship 

(r=0.18, 95% CI [0.06, 0.28], p = 0.002). The non-log transformed data for the investigation 

create date correlation resulted in a very weak, negative, statistically not significant relationship 

(r=-0.11, 95% CI [-0.22, 0.00], p = 0.06). The log transformed data for the specimen collection 

date did not result in a statistically significant result. There was a weak, negative, statistically 

significant relationship (r=-0.19, 95% CI [-0.30, -0.08], p = 0.001) found for the log transformed 

investigation create date data.  

2021 

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

on 12/31/2021and the 7-day average lag time grouped on specimen collection date ranged from 

4.96 on 06/25/2021 to 23.49 on 12/31/2021 and from 3.49 on 08/02/2021 to 41.10 on 07/22/2021 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a moderate, statistically significant relationship (r=0.67, 

95% CI [0.61, 0.72], p <0.001). The non-log transformed data for the investigation create date 

correlation resulted in a weak, negative, statistically significant relationship (r=-0.44, 95% CI [-

0.53, -0.36], p <0.001). The log transformed data for the specimen collection date produced a 

moderate, statistically significant relationship (r=0.60, 95% CI [0.53, 0.66], p  <0.001) and a 

weak, negative, statistically significant relationship (r=-0.47, 95% CI [-0.55, -0.39], p  <0.001) 

for the log transformed investigation create date data.  
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2022 

For the year 2022 the 7-day case rate average ranged from 40.5 on 03/20/2022 to 1,828.7 

on 01/13/2022 and the 7-day average lag time grouped on specimen collection date ranged from 

3.99 on 11/01/2022 to 38.54 on 01/08/2022 and from 3.31 on 11/27/2022 to 82.09 on 03/26/2022 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a strong, statistically significant relationship (r=0.85, 95% 

CI [0.82, 0.87], p <0.001). The non-log transformed data for the investigation create date 

correlation resulted in a weak, negative, statistically significant relationship (r=-0.33, 95% CI [-

0.42, -0.23], p <0.001). The log transformed data for the specimen collection date produced a 

strong, statistically significant relationship (r=0.84, 95% CI [0.81, 0.87], p = <0.001) and a 

moderate, negative, statistically significant relationship (r=-0.50, 95% CI [-0.57, -0.41], p 

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

2023 

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

01/09/2023 and the 7-day average lag time grouped on specimen collection date ranged from 

1.14 on 08/04/2023 to 7.36 on 05/27/2023 and from 3.21 on 08/04/2023 to 26.62 on 06/02/2023 

for the data grouped by investigation create date. The non-log transformed data for the specimen 

collection date correlation resulted in a weak, statistically significant relationship (r=0.39, 95% 

CI [0.27, 0.49], p < 0.001). The non-log transformed data for the investigation create date 

correlation resulted in a very weak, statistically not significant relationship (r=0.01, 95% CI [-

0.14, 0.17], p = 0.87). The log transformed data for the specimen collection date produced a 

weak, statistically significant relationship (r=0.34, 95% CI [0.22, 0.46], p <0.001) and a very 

weak, negative, statistically not significant relationship (r=-0.09, 95% CI [-0.24, 0.07], p = 0.28) 

for the log transformed investigation create date data.  
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2.2.2.2 Wave-Specific Results 

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

ranges of 7-day case rate data.  

 First Wave 

The first COVID-19 wave in this data occurred between 09/19/2020 with a starting 7-day 

case rate average of 1.59 and 02/19/2021 with an ending 7-day case rate average of 1.83. At the 

peak of this wave, the highest 7-day case rate average was 288.5 which corresponded to a 7-day 

average lag time of 15.69 and 5.36 for 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 figure 31.   

 

 

Figure 31: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the 7-day case rate average for COVID-19 cases between 9/19/2020 and 2/19/2021. 

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a strong, statistically 

significant relationship (r=0.84, 95% CI [0.78, 0.88], p <0.001). There was a very weak, 

negative, statistically not significant relationship (r=-0.15, 95% CI [-0.30, 0.01], p = 0.07) found 

for the investigation create date during this first wave time period.  

Specimen Collection Date Investigation Create Date 
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Figure 32: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the log 7-day case rate average for COVID-19 cases between 9/19/2020 and 2/19/202. 

 

 

 

 

Table 10: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported 

manually and the log 7-day case rate averages for COVID-19 results between 9/19/2020 and 

2/19/2021. 

  t df*  Correlation 95% CI^ p-value  

Specimen Date 19.01 152 0.84 (0.78, 0.88) <0.001 

Investigation Date -1.84 152 -0.15 (-0.30, 0.01) 0.07 

*degrees of freedom 

^ Confidence Interval 

 

 

Second Wave 

The second COVID-19 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 ending 7-day case rate average of 2.02. At 

the peak of this wave, the highest 7-day case rate average was 335.3 which corresponded to a 7-

day average lag time of 13.08 and 6.29 for 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 figure 33.   
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As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a strong, statistically 

significant relationship (r=0.77, 95% CI [0.70, 0.82], p <0.001). There was a moderate, negative, 

statistically significant relationship (r=-0.55, 95% CI [-0.65, -0.42], p < 0.001) found for the 

investigation create date during this first wave time period.  

 

Figure 34: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the log 7-day case rate average for COVID-19 cases between 7/6/2021 and 11/27/2021.   

 

Figure 33: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported manually and the 7-day 

case rate average for COVID-19 cases between 7/6/2021 and 11/27/2021.   

 

Specimen Collection Date Investigation Create Date 
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Table 11: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

manual reporting and the log 7-day case rate averages for COVID-19 results between 7/6/2021 

and 11/27/2021. 

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 

 

 

Third Wave 

The third COVID-19 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 ending 7-day case rate average of 1.60. At 

the peak of this wave, the highest 7-day case rate average was 1,828.7 which corresponded to a 

7-day average lag time of 27.28 and 4.80 for 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 figure 35.   

 

Figure 35: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the 7-day case rate average for COVID-19 cases between 12/10/2021 and 03/21/2022.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a strong, statistically 

Specimen Collection Date Investigation Create Date 
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significant relationship (r=0.79, 95% CI [0.70, 0.85], p <0.001). There was a strong, negative, 

statistically significant relationship (r=-0.83, 95% CI [-0.88, -0.76], p < 0.001) found for the 

investigation create date during this first wave time period.  

 

Figure 36: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the log 7-day case rate average for COVID-19 cases between 12/10/2021 and 03/21/2022.   

 

 

Table 12: Pearsonôs Correlation results between 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

manual reporting and the log 7-day case rate averages for COVID-19 results between 12/10/2021 

and 03/21/2022. 

  t df*  Correlation 95% CI^ p-value  

Specimen Date 12.80 100 0.79 (0.70, 0.85) <0.001 

Investigation Date -14.75 100 -0.83 (-0.88 -0.76) <0.001 

*degrees of freedom 

^ Confidence Interval 

 

Fourth Wave 

 

The fourth COVID-19 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 ending 7-day case rate average of 1.69. At 

the peak of this wave, the highest 7-day case rate average was 276.6 which corresponded to a 7-

day average lag time of 12.20 and 9.98 for 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 figure 37.   

 

Figure 37: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the 7-day case rate average for COVID-19 cases between 3/22/2022 and 11/3/2022.  

 

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a strong, statistically 

significant relationship (r=0.77, 95% CI [0.71, 0.82], p <0.001). There was a weak, negative, 

statistically significant relationship (r=-0.46, 95% CI [-0.56, -0.35], p < 0.001) found for the 

investigation create date during this first wave time period.  

 

 

 

 

 

 

 

 

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 38: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive COVID-19 test results imported by manual reporting 

and the log 7-day case rate average for COVID-19 cases between 3/22/2022 and 11/3/2022.   

 

 

Table 13: Pearsonôs Correlation results between 7-day average lag time between specimen 

collection date and investigation create date of positive COVID-19 test results imported by 

manual reporting and the log 7-day case rate averages for COVID-19 results for between 

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

  t df*  Correlation 95% CI^ p-value  

Specimen Date 17.95 225 0.77 (0.71, 0.82) <0.001 

Investigation Date -7.60 225 -0.46 (-0.56, -0.35) <0.001 

*degrees of freedom 

^ Confidence Interval 

 

 

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

date and investigation create date in public health surveillance systems in the United States. Our 

findings suggest that there is a relationship between the average time it takes for a COVID-19 

specimen to be collected and the time it takes to arrive in WDRS and the overall 7-day case rate 

averages for COVID-19. Depending on how the data are broken up into smaller analytic datasets 

the 7-day average lag time resulted in either a positive or a negative relationship with the 7-day 

case rate averages. 
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2.3.1 Year-Specific Results 

For ELR results grouped around the specimen collection date the strongest correlation was found 

during the year 2023 with the non-log transformed data resulting in a strong, positive, 

statistically significant relationship (r=0.87, 95% CI [0.83, 0.90], p  <0.001). The results were 

similar for the log transformed data for the year 2023 which produced a strong, statistically 

significant relationship (r=0.80, 95% CI [0.75, 0.85], p  <0.001). Results for the data grouped 

around the investigation create date were similar in that the year 2023 produced the strongest 

correlation, although still classified as weak in relative terms (r=0.38, 95% CI [-0.26, 0.49], p = 

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

correlation for this grouped data to the year of 2021, which resulted in a negative statistically 

significant relationship (r=-0.43, 95% CI [-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 with the non-log transformed data resulting in a strong, positive, 

statistically significant relationship (r=0.85, 95% CI [0.82, 0.87], p <0.001). The results were 

similar for the log transformed data for the year 2022 which produced a strong, statistically 

significant relationship (r=0.84, 95% CI [0.81, 0.87], p <0.001). Results for the data grouped 

around the investigation create date were similar to the ELR results in that the year 2021 which 

produced the strongest correlation, although still classified as weak in relative terms (r=-0.44, 

95% CI [-0.53, -0.36], p <0.001). However, the log transformed data for the investigation create 

date shifted the strongest correlation for this grouped data to the year of 2022, which resulted in a 

negative statistically significant relationship (r=-0.50, 95% CI [-0.57, -0.41], p <0.001). 
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2.3.2 Wave-Specific Results 

For ELR results grouped around the specimen collection date the strongest correlation was found 

during the third wave which resulted in a moderate, statistically significant relationship (r=0.67, 

95% CI [0.54, 0.76], p = <0.001). Results for the data grouped around the investigation create 

date had a nearly inverse result during wave four in which there was a moderate, negative, 

statistically significant relationship (r=-0.69, 95% CI [-0.75, -0.61], p = <0.001).  

 

For manual results grouped around the specimen collection date the strongest correlation was 

found during the first wave in which there was a strong, statistically significant relationship 

(r=0.84, 95% CI [0.78, 0.88], p <0.001). As was seen for the ELR data, the results were almost 

exactly inverse for the data grouped around the investigation create date. The strongest 

correlation for this data found a strong, negative, statistically significant relationship (r=-0.83, 

95% CI [-0.88, -0.76], p < 0.001) for wave three.  

 

 

Through this analysis we saw that there were differences in magnitude of relationships between 

ELR and manually imported cases as well as how the data were grouped and whether the 7-day 

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

 

2.3.3 Strengths  

A major strength of this analysis is the volume of data that was available for analysis. The 

sample size was roughly 2.9 million positive lab results. Additionally, because there are legal 

mandates requiring that test results be reported to the correct authorities, we can be confident that 

we received the vast majority of positive test cases available, up until a certain time frame. This 

changed, however, when over-the-counter tests became widely available. Through 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.5 With this information it is not truly known what the 7-day case rate 

average may have been because over-the-counter tests were not able to be factored in.6  

2.3.4 Limitations  

An additional limitation for this analysis is the inability to pinpoint where along the data pipeline 

the lag time is occurring given the variables provided. For future analyses additional date 

variables along the pipeline should be included to try to identify where a bottleneck might be 

occurring to help mitigate some of the delays in case reporting. Lastly, data were constantly 

being updated on the public facing dashboard. Data were most likely updated between the time 

when the data were downloaded and when this analysis was finalized, this was just a snapshot in 

time of what the data looked like when they were pulled. Additionally, the public facing 

dashboard no longer contains the 7-day case rate averages as of October 2023.  

2.3.5 Public Health Significance  

The public health significance of this analysis can be summed up into 4 words: invest in data 

modernization.  There is a current initiative by the Council for State and Territorial 

Epidemiologists (CSTE) for more data modernization. They are quoted as saying ówithout 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 at risk.7ô This analysis 

can be an additional data point to support overall agency modernization as there is a direct 

correlation between the 7-day case rate averages and the average 7-day time lag between when 

specimens are collected and when they are received in the state surveillance system, WDRS. For 

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 the hepatitis B virus is transmitted through bodily fluids. Hepatitis 

B is a vaccine preventable disease which impacts the liver and is described as either acute, a 

newly occurring infection, or chronic, an infection lasting longer than 6 months.1 Often when a 

person is newly infected with hepatitis B there are no symptoms, but during this time they can 

infect others. For some, a hepatitis B infection can lead to cirrhosis and liver cancer.2  

In Washington State, acute hepatitis B cases have dropped to fewer than 50 cases a year, 

while an average of 1,100 cases of chronic hepatitis B are reported.3 A blood test is used to 

determine if an individual is infected with the hepatitis B virus. Most individuals who are 

diagnosed with hepatitis B 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 spread of hepatitis B. 

For those with acute hepatitis B, early detection can help with the treatment of symptoms. 

Hepatitis C, similar to hepatitis B, can either be acute or chronic. Acute hepatitis C is a 

new infection, and a chronic hepatitis C infection is one that lasts longer than 6 months.4 

Hepatitis C is a liver infection that is caused by the hepatitis C virus. Unlike Hepatitis B, 

hepatitis C can only be spread through the blood of an infected person, and although not 

common, through sexual activity as well. A common source of hepatitis C infection is through 

needle sharing or other equipment used to inject drugs.5 More than half of those infected with 

hepatitis C develop long term chronic infections that can cause cirrhosis and liver cancer. There 

is no vaccine for hepatitis C. In Washington State, in 2018, there were 8,085 cases of chronic 

hepatitis C, and 118 cases of acute hepatitis C.6 Like hepatitis B, hepatitis C is detected by a 
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blood test.  Early detection of hepatitis C is crucial in the long-term health outcomes of the 

patient. Treatments can cure most people with hepatitis C in 8 to 12 weeks.5   

This chapter will analyze the timeliness of hepatitis B and hepatitis C cases in WDRS by 

answering the following questions. Does an increase in the 7-day case rate for COVID-19 cases 

lead to an increase in the 7-day average lag time (in days) between the date when the specimen 

was collected and the date the laboratory result created an investigation in WDRS for hepatitis B 

and hepatitis C cases reported via electronic laboratory reporting (ELR)?  

 

3.2 Methods 

3.2.1 Data 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 State Institutional Review Board. Proper data sharing processes 

outlined by the Department of Health and the University of Hawaiᾶi at MǕnoa were followed. 

Data were deidentified and contained WDRS unique ID, specimen collection date, investigation 

create date, laboratory submitter, for all positive results from January 20, 2020, to August 7, 

2023. The second data source used was the public facing Washington State COVID-19 

dashboard. Data were downloaded from the dashboard using the provided links on the website. 

Data were downloaded on September 16, 2023.  

3.2.2 Case 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 as hepatitis B or hepatitis C. 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 hepatitis), or whether the 

laboratory result was from out of state. The dataset was then divided into two groups, hepatitis B 

results and hepatitis C results based on the product code variable.  

As outlined in figure 12 after separating the laboratory results into the two datasets, any 

result with an erroneous or unjustifiable specimen collection date, such as suspected patientôs 

date of birth or a date prior to January 20, 2020, 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 

it hasnôt been collected first. Laboratory results that were missing specimen collection date or 

investigation create date were also removed. Data were further broken down into year-specific 

datasets.  

Furthermore, as with chapter 2, data 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 the 7-day case rate. The beginning date of the wave was when the 7-

day case rate began to increase substantially, and the end date used was when the 7-day case rate 

reached its lowest value before beginning to increase again. All dates and subsequent 7-day case 

rates can be seen in table 14. 

 

 

Table 14: Start and end dates for wave specific data. 

 Start Date Start 7-day case rate End Date End 7-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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Figure 39: The overall sample size throughout the data cleaning 
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3.3 Analysis 
 

The first step in this analysis was to calculate the lag time variable. All analysis was done 

using R.7 This variable was calculated by subtracting the investigation create date from the 

specimen collection date. A rolling 7-day average for lag time was then calculated and grouped 

by the specimen collection date and the investigation create date. A time series analysis was 

performed on this 7-day average lag time and on the case rate data available from the COVID-19 

dashboard. The two time series data were then overlayed together using the R package ggplot2.8 

A scatterplot was created as well as a Pearsonôs correlation to check for correlation between the 

7-day average lag time and the 7-day average case rate. Case rate data were also log transformed 

and scatterplots and Pearsonôs correlation were completed with the log transformed data. This 

was completed for both hepatitis B and hepatitis C datasets, year - specific datasets outlined in 

figure 39, and all wave-specific data. 

3.4 Results 

3.4.1 Hepatitis B Overall 

The overall time series analysis for the 7-day average lag time for hepatitis B cases and 

the 7-day case rate averages for COVID-19 cases between January 2020 and August 2020 can be 

seen in figure 40. The 7-day case rate average ranged from 0.0 to 1,828.7. The 7-day average lag 

time ranged from 2.66 days to 16.87 days for data grouped around the specimen collection date 

and 2.84 to 10.62 for data grouped around the investigation create date. There are additional 

peaks seen in the time series for the 7-day case rate averages, indicating the second and fourth 

waves.  

 

 

 



 Ingalls | 68 

Figure 40: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between January 2020 and August 2023. 

 

 

A scatterplot was created to visualize any correlation between the 7-day average lag time 

and the 7-day case rate average for COVID-19. As seen in figure 41 and table 14, there was a 

very weak, statistically significant positive relationship (r=0.09, 95% CI [0.04, 0.15], p <0.001) 

for the data grouped on specimen collection date. The relationship for the data grouped on 

investigation create date was also weak, and statistically significant (r=0.22, 95% CI [0.16, 0.27], 

p <0.001) There were many points clustered between the 7-day case rate average of 0-500 and a 

7-day lag time average of 0-10 days. The 7-day case rate averages were log transformed. The 

results can be seen in figure 42 and table 16. Log transforming the 7-day average case data 

resulted in a very 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 was no statistically 

significant relationship with the log transformed data grouped on the specimen collection date.  

Investigation Create Date Specimen Collection Date 
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Figure 41: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between January 2020 and August 2023. 

 

 

Figure 42: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the log 7-day case rate 

average for COVID-19 cases between January 2020 and August 2023. 

 

3.4.1.1 Year - Specific Results 

The results were further separated into year-specific 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 data. The time series analysis for data 

grouped around the specimen collection date can be seen in figure 43, the data grouped around 

the investigation create date can be seen in figure 44. A scatterplot was created to look at the 

Investigation Create Date Specimen Collection Date 

Investigation Create Date Specimen Collection Date 
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correlation between the 7-day average lag time and the 7-day case rate average for COVID-19 

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 transformed 7-day case rate averages for 

COVID-19. The non-log transformed scatterplot can be seen in figure 45 for the specimen 

collection date data and figure 46 for the investigation create date data. The log transformed data 

for the specimen collection date data and investigation create date data can be seen in figures 47 

and 48 respectively. All results for the non-log transformed Pearsonôs correlations can be seen in 

table 15. All log transformed results for Pearsonôs correlations can be seen in table 16.  

Figure 43: Year - specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 
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Figure 44: Year - specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the 7-day 

case rate average for COVID-19 cases, grouped by the investigation create date. 
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Figure 45: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 
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Figure 46: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the 7-day 

case rate average for COVID-19 cases, grouped by the investigation create date. 
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Figure 47: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 
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Figure 48: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate average for COVID-19 cases, grouped by the investigation create date. 
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Table 15: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the 7-day case 

rate averages for COVID-19 results. 

  t df*  Correlation        95% CI^ p-value 

Specimen Date       

Total 3.34 1236 0.09 (0.04, 0.15) 0.001 

2020 1.71 326 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 

^ Confidence Interval 

 

 

 

 

Table 16: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate averages for COVID-19 results.  

  t df*  Correlation        95% CI^ 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 

^ Confidence Interval 
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2020 

For the year 2020, the 7-day case rate average ranged from 0.0 (multiple dates) to 288.5 

on 12/04/2020. The non-log transformed data for the specimen collection date correlation 

resulted in a very weak, statistically not significant relationship (r=0.09, 95% CI [-0.01, 0.20], p 

= 0.09). The non-log transformed data for the investigation create date correlation resulted in a 

very weak, statistically not significant relationship (r=0.03, 95% CI [-0.09, 0.14], p = 0.65). The 

log transformed data for the specimen collection date did not result in a statistically significant 

result. There was a weak, negative, statistically significant relationship (r=0.12, 95% CI [0.00, 

0.23], p = 0.04) found for the log transformed investigation create date data.  

 

2021 

For the year 2021, the 7-day case rate average ranged from 32.1 on 06/29/2021 to 721 on 

12/31/2021. The non-log transformed data for the specimen collection date correlation resulted 

in a weak positive relationship that was statistically significant (r=0.39, 95% CI [0.29, 0.47], p 

<0.001). The non-log transformed data for the investigation create date correlation resulted in a 

weak, statistically significant relationship (r=0.44, 95% CI [0.35, 0.52], p <0.001). The log 

transformed data for the specimen collection resulted in a weak, positive correlation that was 

statistically significant (r=0.43, 95% CI [0.34, 0.51], p <0.001).  There was a weak, , statistically 

significant relationship (r=0.39, 95% CI [0.30, 0.47], p <0.001) found for the log transformed 

investigation create date data. 

 

2022 

For the year 2022, the 7-day case rate average ranged from 40.5 on 03/20/2022 to 1,828.7 

on 01/13/2022. The non-log transformed data for the specimen collection date correlation 

resulted in a very weak, statistically not significant relationship (r=0.05, 95% CI [-0.06, 0.15], p 

= 0.37). The non-log transformed data for the investigation create date correlation resulted in a 
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moderate, statistically significant relationship (r=0.69, 95% CI [0.63, 0.74], p <0.001). The log 

transformed data for the specimen collection resulted in a very weak, negative correlation that 

was not statistically significant (r=-0.10, 95% CI [-0.20, 0.01], p=0.06).  There was a moderate, 

statistically significant relationship (r=0.56, 95% CI [0.48, 0.62], p<0.001) found for the log 

transformed investigation create date data.  

 

2023 

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

01/99/2023. The non-log transformed data for the specimen collection date correlation resulted 

in a weak, statistically significant relationship (r=0.31, 95% CI [0.18, 0.43], p < 0.001). The non-

log transformed data for the investigation create date correlation resulted in a moderate, 

statistically significant relationship (r=0.46, 95% CI [0.34, 0.55], p <0.001). The log transformed 

data for the specimen collection resulted in a weak, correlation that was statistically significant 

(r=0.31, 95% CI [0.18, 0.43], p<0.001).  There was a moderate, statistically significant 

relationship (r=0.43, 95% CI [0.31, 0.53], p<0.001) found for the log transformed investigation 

create date data. 

 

 

3.4.1.2 Wave-Specific Results 

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

ranges of 7-day case rate data.  

First Wave 

The first COVID-19 wave in this data occurred between 09/19/2020 with a starting 7-day 

case rate average of 1.59 and 02/19/2021 with an ending 7-day case rate average of 1.83. At the 

peak of this wave, the highest 7-day case rate average was 288.5 which corresponded to a 7-day 

average lag time of 3.97 and 4.45 for the specimen collection date data and the investigation 



 Ingalls | 79 

create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 49.   

 

Figure 49: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 9/19/2020 and 2/19/2021.   

 

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection data there was a weak, statistically 

significant relationship (r=0.40, 95% CI [0.26, 0.53], p <0.001). There was a weak, statistically 

significant relationship (r=0.36, 95% CI [0.22, 0.50], p < 0.001) found for the investigation 

create date during this first wave time period.  

 

 

 

 

 

 

 

 

 

 

 

 

Specimen Collection Date Investigation Create Date 
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Figure 50: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 9/19/2020 and 2/19/202. 

 

 

 

Table 17: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate averages for COVID-19 results for 9/19/2020 and 2/19/2021. 

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 

 

 

Second Wave 

The second COVID-19 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 ending 7-day case rate average of 2.02. At 

the peak of this wave, the highest 7-day case rate average was 335.3 which corresponded to a 7-

day average lag time of 3.43 and 3.79 for the specimen collection date data and the investigation 

create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 51.   

 

Specimen Collection Date Investigation Create Date 
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As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For both specimen collection date data and the investigation create 

date data, there were no statistically significant results during this second wave time period as 

can be seen in table 18. 

 

Figure 52: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 7/6/2021 and 11/27/2021.   

 

 

Figure 51: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 7/6/2021 and 11/27/2021. 

 

Specimen Collection Date Investigation Create Date 

Specimen Collection Date Investigation Create Date 
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Table 18: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate averages for COVID-19 results for 7/6/2021 and 11/27/2021. 

  t df*  Correlation 95% CI^ 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 COVID-19 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 ending 7-day case rate average of 1.60. At 

the peak of this wave, the highest 7-day case rate average was 1,828.7 which corresponded to a 

7-day average lag time of 5.25 and 4.33 for the specimen collection date data and the 

investigation create date data respectively. Further differentiation between the overall 7-day 

average lag time can be seen below in figure 53.   

 

Figure 53: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 12/10/2021 and 03/21/2022.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. For the specimen collection date data there was no significant 

Specimen Collection Date Investigation Create Date 
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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. 

 

 

Figure 54: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 12/10/2021 and 03/21/2022.   

 

 

 

Table 19: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate averages for COVID-19 results for 12/10/2021 and 03/21/2022. 

  t df*  Correlation 95% CI^ 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 

^ Confidence Interval 

 

Fourth Wave 

The fourth COVID-19 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 ending 7-day case rate average of 1.69. At 

the peak of this wave, the highest 7-day case rate average was 276.6 which corresponded to a 7-

day average lag time of 4.16 and 3.72 for the specimen collection date data and the investigation 

Specimen Collection Date Investigation Create Date 
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create date data respectively. Further differentiation between the overall 7-day average lag time 

can be seen below in figure 55.   

 

 
Figure 55: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 3/22/2022 and 11/3/2022.   

 

As was done for the other analysis a scatterplot was created with the log transformed 7-day case 

rate averages for COVID-19. There was a weak, negative, statistically significant relationship 

(r=-0.30, 95% CI [-0.42, -0.17], p < 0.001) found for the specimen collection date data during 

this fourth wave time period. For the investigation create date data there was no significant 

relationship found as can be seen in table 20. 
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Figure 56: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis B test results and the 7-day case rate average 

for COVID-19 cases between 3/22/2022 and 11/3/2022.   

 

 

 

Table 20: Pearsonôs Correlation results of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis B test results and the log 7-day 

case rate averages for COVID-19 results for 3/22/2022 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 

^ Confidence Interval 

 

 

3.4.2 Hepatitis C Overall  

 

The overall time series analysis for the 7-day average lag time for Hepatitis C cases and 

the 7-day case rate averages for COVID-19 cases between January 2020 and August 2023 can be 

seen in figure 57. The 7-day case rate average ranged from 0.0 to 1,828.7. The 7-day average lag 

time ranged from 2.88 days to 17.69 days for data grouped around the specimen collection date 

and 2.99 to 17.49 for data grouped around the investigation create date. There are additional 

peaks seen in the time series for the 7-day case rate averages.   

 

Specimen Collection Date Investigation Create Date 
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Figure 57: Time series analysis of the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis C test results and the 7-day case rate average 

for COVID-19 cases between January 2020 and August 2023. 

 

A scatterplot was created to visualize any correlation between the 7-day average lag time 

and the 7-day case rate average for COVID-19. As seen in figure 58 and table 21, there was a 

very weak, negative, statistically significant positive relationship (r=-0.06, 95% CI [-0.11, 0.00], 

p =0.04) for the data grouped on specimen collection date there was no statistically significant 

relationship found for the investigation create date data. The 7-day case rate averages were log 

transformed. The results can be seen in figure 59 and table 22. Log transforming the 7-day 

average case data resulted in a very weak, negative, statistically significant positive relationship 

(r=-0.16, 95% CI [-0.22, -0.11], p <0.001) for the data grouped on the specimen collection date. 

There was no statistically significant relationship with the log transformed data grouped on the 

investigation create date.  
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Figure 58: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis C test results and the 7-day case rate average 

for COVID-19 cases between January 2020 and August 2023. 

 

 

 

 

 

Figure 59: A scatterplot comparing the 7-day average lag time between specimen collection date 

and investigation create date of positive hepatitis C test results and the log 7-day case rate 

average for COVID-19 cases between January 2020 and August 2023. 
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3.4.2.1 Year-Specific Results 

 

The results were further separated into year-specific 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 data. The time series analysis for data 

grouped around the specimen collection date can be seen in figure 60, the data grouped around 

the investigation create date can be seen in figure 61. A scatterplot was created to look at the 

correlation between the 7-day average lag time and the 7-day case rate average for COVID-19 

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 transformed 7-day case rate averages for 

COVID-19. The non-log transformed scatterplot can be seen in figure 62 for the specimen 

collection date data and figure 63 for the investigation create date data. The log transformed data 

for the specimen collection date data and investigation create date data can be seen in figures 64 

and 65 respectively. All results for the non-log transformed Pearsonôs correlations can be seen in 

table 21. All log transformed results for Pearsonôs correlations can be seen in table 22.  
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Figure 60: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis C test results and the 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 
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Figure 61: Year-specific time series analysis of the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis C test results and the 7-day 

case rate average for COVID-19 cases, grouped by investigation create date. 
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Figure 62: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis C test results and the 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 
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Figure 63: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis C test results and the 7-day 

case rate average for COVID-19 cases, grouped by investigation collection date. 
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Figure 64: Year-specific scatterplots comparing the 7-day average lag time between specimen 

collection date and investigation create date of positive hepatitis C test results and the log 7-day 

case rate average for COVID-19 cases, grouped by specimen collection date. 

 

 

 

 

 










































































