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Today’s Objectives

* Appreciate the value of K-12 school absenteeism monitoring as an
early warning system for influenza in the community

* Understand how coupling individual level data coupled with

molecular techniques can provide insights into repiratory virus
epidemiology

* |dentify factors associated with performance of rapid testing in
community settings

* Apply concepts of microscale epidemiology for defining transmission,
mitigation, and surveillance



Community-engaged
public health research:
microscale epidemiology
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Theoretical Design

K-12 Absenteeism
a-Total
a-lliness

Influenzain the
Community

a-1LI
[1. absenteeism
monitoring system]

N\

H1: thereis a relationship
between absenteeism and
influenza in the community

H2:influenzain
childrenis related to
absenteeism
a-l
a-1LI
[2. home visits]

>

[4. medically attended
influenza surveillance]

/

household members

H3:influenzain
childrenis
transmitted to

[3. household
transmission study]

Influenza in School-Aged Children
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a-ILl
Absent for
Influenza-
like lliness

a-TOT a-l

Absent for Absent due
any Reason to lliness

Parent/Guardian uses automated
telephone absentee line

\2

School Attendance Staff enters absenteeism
data into school information system (SIS)

2

Anonymous data extraction through
automated processes within SIS

\

Automated daily data transfer
to secure ftp site

\2

Data visualization, assessment and analysis
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Absenteeism
monitoring
can be used
to identify
Influenza

in the
community

Over six influenza seasons, absenteeism was
significantly correlated with MAI in the community

a-ILI (r = 0.57; 95% Cl: 0.53—0.63)

e with a 1-day lead time

a-1 (r = 0.49; 0.44-0.54)

e with a 10-day lead time

a-TOT (r = 0.27; 0.21—0.33)

e following MAI by six days




Absenteeism due to llIness (a-l)
- strength of correlation tracks severity of influenza outbreak
- a-1 peaks ~10 days before medically-attended influenza

Correlation

S
()

2017-18

2018-19

2019-20

2020-21

2021-22

2022-23

=
o
|

©
™
|

g
o
|

o
'S
1

©
N}

g
(=}

All Years 2014-15 2015-16 2016-17
Max r=0.29, Lag -10 | Max r = 0.546, Lag -9 | Max r = 0.355, Lag -9 [Max r = 0.518, Lag -10| Max r = 0.555, Lag -8 | Maxr=0.497, Lag0 |Maxr=0.789, Lag +1| Maxr=NaN, Lag Maxr=0.24, Lag 19 | Maxr=0.58, Lag0
r=0.54 r=0.36 r=0.52 r=0.56 r=0.50 | r=0.79 r=0.24 | r=0.58
& r & &+ ErEd3Tog FETFTIT T T3 s 3T g3 3T FTIT T 466 EF T P ET T LTI ELLEONT FEIT T T
0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10 -20 0 10

-20

Lag Relative to Flu Cases in Clinic

Correlations between absenteeism due to illness (a-1) and medically attended influenza
2014—2023; Oregon School District — Dane County, Wisconsin



Respiratory Illness Dashboard

H ast Updated:
Dane County Respiratory lliness Dashboard oivedotec

Weekly Summary , . Learn more
Get a big-picture summary of the current A" resplratory |“nesses Click on each tab to get

state of respiratory viruses, based on L | more data.
emergency department datfa. sve

Click to filter by illness lm Overall trends

® Al respiratory ilinesses

> COVID-19 L=z Lab testing trends
i able

D RSV Echool absences

Why da vou us raency d + datgs
Why do you use emergency depariment data? Level arder: Very low, low, moderate, high, very high

Air samplers

First Alert .

These ars the sarliest data we have. SChOOI |ndlcat0r5 (Can Hospitalizations
They might tell us if we are about to predict ﬂll)

cource = e Death data

® School indicators [con predict flu)

*See "Wistewoter data” section below the dashboard for more frequent updates. '39' Publlc Hea Im

MADISON & DANE COUNTY
Hectrite peopde. Healtiy places

Learn more dbout how to use first alert data

Microsoft Power Bl




Feasibility/Generalizability

Question Yes n (%)
Do you document when a student is absent regardless of the reason? 118 (100%)
When a student is absent, do you specify whether the absence was due to an illness 116 (98%)
Are parents asked to provide a reason for the absence? 113 (97%)
Do you document when teachers or staff members are absent? 118 (100%)
Do you specify whether a teacher or staff member absence was due to an illness? 26 (22%)

Would your district be interested in participating in a statewide illness surveillance program 33 (28%)
to help detect outbreaks of influenza and other respiratory viruses? °

'\, Survey of Wisconsin School Districts:
CHARDS N=339; response rate to date: 37%

Oregon CHild Absenteeism due to Respiratory Disease Study




Absenteeism in the Pandemic (2021-2022)

Average daily ILI Absences
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Absenteeism due to COVID-19 (a-CoV

was behavioral, not biological
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Recurrent Influenza

0ct9,2017 @

Influenza vaccination :
]
|

EPISODET ....................

I
JAN 30,12PM ¢

Initial symptom onset |

Nov 29, 2017
First school detection
of Influenza A H3N2

: Onset 1o wvisil
JhN 31, 1°AM ‘ 25 hours
Phone screening :
JAN 31, 1PM W
Home visit
RIDT Negative |
PCRInfluenzaAH3N2 ¢ FEB 6

RPP Coronavirus HKU1

I

1

1
FEB7 ,
End of substudy
Day 7 sample 1

1

I

1

1

I

1

1

PCR Negative

Sibling symptom onset

EPISODE 2

MARCH 7, 3PM @

Initial symptom onset |
1

! Qonset (o visit
MARCH 9, 9AM @ | #9nours
Phone screening :

MARCH 9;4 :;iom * Tesseisenisasiss
visit

RIDT Influenza A Last school detection

PCR Influenza A H3N2 of influenza A H3N2
RPP Negative

MARCH 16 ‘
End of Substudy '
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Rhinorrhea

Nasal congestion

Sneezing

Sore throat

Cough

Malaise

Chills

Headache

Fever

0

Severity

@ Episode1 @ Episode?2




SO...
What Happened?

* First know case of recurrent, in-season
infection with influenza A(H3N2)

* Whole genome sequencing revealed
clade 3C.2a for both episodes

* 3 single nucleotide polymorphisms
identified, all in the coding region of
the HA protein

* One resulted in an amino acid change
* isoleucine to leucine

* Located 4 amino acids away from an
established antibody epitope site

Side View

Pro140
Ser145 Lys'#4




Evidence of Early SARS-CoV-2 Activity in Wisconsin

Cumulative Number of Cases in Wisconsin

3,000 Specimens | SARS-CoV-2 (+)
Specimen Collection Period Available (%)
=e—Pediatric .
2,500 School District
~e-Adult Closure September 2019 38 0 (0)
3/13/2020
oo October 2019 38 0 (0)
November 2019 27 0 (0)
1500 December 2019 63 0 (0)
January 2020 191 0 (0)
1,000 February 2020 237 0 (0)
st Adul st Pediatri
sl D — Early-March 2020* 57 0 (0)
nset o
200 lllness Late-March 2020* 18 1 (5.6%)
Index Case
I 3/14/2020 April 2020 2 0 (0)
. \ R, J
8 8 8 8 8 8 May 2020 2 0 (0)
S N sune2o20 0 (0)
Date of Laboratory SARS-CoV-2 Confirmation by RT-PCR Total: September—J une 670 1 (0.15)
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» ORCHARDS Child
> Mother

> Father

Typical incubation: March 10-14

Typical incubation: March 11-15

A
Symptom onset

A
Symptom onset

Test Date 1

First known household transmission in Wisconsin

Test Date 2

Typical incubation: March 19-23

A
Symptom onset




Early Reinfection with Omicron following Delta

e Child 1: age 8 (ill, recovered, ill again 53 days later)
e Child 2: age 11 (ill, recovered, ill again 46 days later)
e Child 3: age 5 (ill, recovered, ill again 31 days later)

11/21/2021 11/28/2021 12/5/2021 12/12/2021 12/19/2021 12/26/2021 1/2/2022 1/9/2022 1/16/2022 1/23/2022



Performance
of Sofia FIA
Influenza A+B
in school-aged
children in the
community

ORCHARDS protocol from
January 2014—March 2020

Children with ARI visited at
home

e Demographic, epidemiologic, and
clinical (symptom) data collected

e Sofia FIA tested within 2 hours of home
visit by our staff

e RT-PCR for influenza at WSLH
e RPP for other respiratory pathogens




Results
of Note

2,378 recruited students
2,368 (99.6%) had paired FIA and RT-PCR results

e Mean age = 10.2 years
e 58.8% met ILI case definition (fever plus >1 respiratory symptom).

Flu A and B were detected by RT-PCR in 447 (19%) and
363 (15%) children, respectively

Sensitivity was 76.1% (95% Cl: 72.8—79.1)
with following associated factors:

e coryza (OR=3.0, p<0.001)

* nasal congestion (1.59, p=0.045)

e days from symptom onset (per day; 0.75; p<0.001)
e myalgia (0.61; p=0.014)

e age (per 5 years; 0.55; p=0.001)

e detection of another virus (0.50; p=0.042)

Specificity was 97.2% (96.2—97.9)

* No explored factors were associated with relative specificity




Oregon School District
- 7 schools
What would j

nappen if rapid

[
nfluenza/SARS-

CoV-2 diagnhostic

test analyzers ——____

were pid CEd 1N e Sofia set up and instructions
e Provision of supplies (courtesy of Quidel Corp.)
SCNOO | 1€d |th e Connectivity with COVID-Connect

offices?

[ Ability to monitor using My Virena j




Rapid Testing was
used — a lot!

1,230 tests performed by
health office nurses and staff

* 6 invalid tests (<0.5%)

Used at all schools

Results
e 103 (+) for SARS-CoV-2
e 35 (+) for influenza A
e 20 (+) for influenza B

Well liked by the staff

Number of tests per week
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Comparability of School SARS-CoC-2 detections

with county SARS-CoV-2 detections (r=0.81)
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ORCHARDS Household Transmission

Data collection has been ongoing since January 2015

* No pause with onset of the pandemic
* Modified protocol

e Recruitment is triggered by a child with ILI or CLI

All household members self-collect nasal swab specimens
* DayO
* Day7/
* Day 14 (added in fall 2020)

ORCHARDS children are tested for SARS-CoV-2 and influenza A/B

e plus many other viruses using a multiplexed respiratory pathogen panel

Other household members are tested for SARS-CoV-2 and influenza A/B



Ability to measure
household transmission
within a community and
across time, paying
attention to age of index
case, age of secondary
cases, size of household
and other factors

e Pre-Delta
* Delta

* Omicron




Secondary Infection Rates (SIR) of SARS-CoV-2

Overall SIR was 47% (95% Cl: 42—51) Exclusion of 13 households (10%) with
* pre-Delta 72% (58—83) evidence of discordant detections of
* Delta 51% (40—63) SARS-CoV-2 resulted in modest

* Omicron 41% (36—47)
reductions in the estimated SIR
Greater household density associated « entire study period: 47% vs. 43%

with increased transmission overall * Delta period: 51% vs. 47%
* Omicron period: 41% vs 36%
* OR:5.13 for each increase of one

person/bedroom, Cl: 1.97 — 13.35, p=0.0008 Significant difference in self-reported
vaccination proportion between
households with concordant (65.2%) and
discordant (91.4%) virus identification
(P<0.001).

Presence of a household cat was not
significantly associated with household
SARS-CoV-2 transmission



Secondary Infection Rates:

-coronaviruses (OC43 and HKU1)
19.2% (95% Cl: 13.8%-25.7%)

human metapneumovirus
12.2% (95% Cl: 8.1%-17.4%)

Bell C, He C, Norton D, Goss M, Chen G, Temte J.
Household transmission of human metapneumovirus
and seasonal coronavirus. Epidemiology and
Infection [in press]




Influenza Vaccine
Effectiveness

* ORCHARDS provides a
unique platform to measure
vaccine effectiveness

* Participants are recruited
from the community, not
from health care settings

e Removes some biases
associated with healthcare
seeking behavior




* All participants with RT-PCR for influenza

e Vaccination status confirmed via
Wisconsin Immunization Registry

Eva I uation * Additional data on symptoms,
over 6 years absenteeism

 Sample = 1,743 children (5-18 years)

(2014_2020) * 50.6% vaccinated; 49.4% unvaccinated

e Influenza status
* 31.9% PCR (+); 68.1% PCR (-)



and the estimate effectiveness is:

Adjusted for year, season, healthcare, and age:
0.32 (Cl: 0.13 to 0.46, p = 0.002)



Effect of vaccine status on symptoms (PCR+)

Symptom: Cough (OR 1.09, p =0.544)

Symptom: Fever (OR 1.07. p=0.515)
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Vaccine effectiveness

Vaccine effectiveness by year and strain
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Part 1. - Community-based, laboratory-supported,
Community- longitudinal study in one school district

engaged * January 2015 through May 2023

epidemiology * Recruitment of K-12 children with acute
respiratory infections

: : : * Basic demographic, epidemiological, and
Basic Epidemiology ST oo P ;

, of Re§p|ratpry * Specimens collected for RT-PCR for a wide
Viruses in Children range of viruses




Rhinovirus/Enterovirus

Influenza

Influenza A

Wide Variety of

Seasonal Coronaviruses

Viruses

e 3,498 children
[ ]

70.3% Of SpeCimenS (+) Human Metapneumovius
for at least one
pathogen

RSVA

e Lots of rhinoviruses and reranfvenze
influenza '

PIV-2

PIV-1

Few bacterial infections

PIV-4

s
Adenovirus - 55

M. pneumoniae ] 16

C. pneumoniae ] 3
0
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Pathogen detection count in month (2015-2023)

Seasonality
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Part 2.
Community-
engaged
epidemiology

GROVES: Great
Oregon Vaccine
Effectiveness
Study

Longitudinal cohort of about 200 households

e Recruited in November 2019 (remember
how normal things were then???)

Respond to weekly web-based surveys
e text messages
* Email

Reporting the presence and count of new ARIs
in the household

Reporting presence of influenza

Reporting presence of COVID



Respiratory infections and COVID-19 in households

30

[Ty

c

2 == COVID cases %HH ARI

O (2019/20)

@

= >0 Virtual 25

- Education 2021/22in-person

o education with masking

E 40 20

E—:‘ Masks
tional

ié 30 (2020/21) hybrid Education with op f;a

§ physical distancing and masking |

z

= II

2 20 10

T

[y

>

o

I

4 10 5

€ Al \

. \ A Aa A A g

NDJFMAMIJJASONDJFMAMIJASONDIEM
2019 2020 2021 2022




Comparison of ARI patterns to school district

mitigation efforts
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Statistical analysis of mitigation efforts for COV

Estimated means and 95% Cl's (log odds scale)

2020-03-14
School in Early COVID - Virtual ed.

2021-03
No change in schools

2022-03-01
School with optional masking

2020-06-06
Summer Break

2021-06-05
Summer Break

2020-09-08
School with masking/distancing/hybrid ed.

2021-09-01
School with masking only

/

2022-06-10
Summer Break

4 -4 -2 0 2 4 -4

2022-09-01
School with no requirements

Weeks from date / event

Time after transition p-value |Z| >0.05 |E| <=0.05

D-19



Number of Virus Detections
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Part 3.
Community-
engaged
epidemiology

Effect of planned
school breaks on
influenza-like
illness

* Interest in effect of planned school breaks
* Winter break (10-16 days)
e Spring Break (9 days)
 ORCHARDS
* Absenteeism due to ILI used as “proxy” for
influenza like illness
* Challenge
* Observational study — no ability to control
for influenza occurrence vs. timing of break
e Solution
* Evaluation of effect of “pseudo-break”



2016117

2014/15 2015/16
3000 -
2000 -
w
< 1000+
3
g D 7 L Ll | LI LI L]
:‘g Oct Jan Apr Oct Jan Apr
3 201718 2018/19
i
= 3000 1
QO
L
= 2000-
1000
ﬂ- — _I___--_ | L ‘I—__ l_ — | |
Oct Jan Apr Oct Jan Apr Jul

Week within school year

Break type . Winter . Spring . Pseudo




2014/15

2015/16

2016/17

2017/18

2018/19

t
RN

1

K

==

+

t
I S N
4

RN
-

syealiq |eay

0.8% 1

0.6% A

0.4% A

percent absent due to ILI with 95% Cl's

0.2% A

+

¢

¢

b

b
3

_t
4

yealg-opnasd

bef'ore af’Eer

bef'ore af’Eer

bef'o re aft'er

bef'ore af’Eer

relation of two-week period with school break

-~ Winter break - Spring break -® Pseudo-break

bef'ore af’Eer




Part 4.
Community-
engaged
epidemiology

Comparability of
multiple methods
of respiratory
virus surveillance

JAMA
Network

|Open.

o

Research Letter | Public Health

Four Methods for Monitoring SARS-CoV-2 and Influenza A Virus Activity in Schools

Jonathan Temte, MD, PhD; Maureen Goss, MPH; Shari Barlow, BA; David H. O'Connor, PhD; Shelby L. O'Connor, PhD;
Mitchell D. Ramuta, PhD, MS; Amra Uzicanin, MD, MPH

influenza

Figure. Comparisons of In-School Disease Surveillance Methods
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Table. Comparisons of Surveillance Platforms Showing Maximal Cross-Correlations With Associated Lags
for Influenza A Virus and SARS-CoV-2 Detections per Week in the Oregon School District, Dane County,
Wisconsin, Between September 1, 2022, and January 28, 2023
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Some final
thoughts...

Big studies in small communities create
a great deal of insight

e Connections
e Familiarity
¢ Intimacy

Longitudinal approaches are awesome

e ORCHARDS has been funded from 2013—2024
e Thanks CDC and WSLH

Partnerships are essential (and fun!)

e Research, primary care, public health, and laboratory science
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