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Overview

 Background on tick-borne relapsing fever

 Epi-Aid investigation in Texas

 Take aways



Background



Two genetic groups of Borrelia spp.

Goodman et al,. Tick-Borne Diseases of Humans. 2005. 
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Tick-borne relapsing fever (TBRF)

Tick-borne relapsing fever
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TBRF background

 First recognized tick-borne disease of humans
– First report: 1905 case from NY that traveled to TX

 Transmitted by: Ornithodoros spp. (soft) tick
– Rare instances maternal-fetal

 Animal reservoirs
– Rodents, lagomorphs



 Fever, headache, myalgia, arthralgia, abdominal complaints

 Ranges from mild and self-limiting illness to death

 Episodes resolve after 3-5 days and recur or “relapse” 
approximately one week later

Incubation period
(5-15 days)

TBRF clinical picture
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County of exposure for 504 cases of TBRF reported in 
the U.S., 1990–2011

*One dot placed randomly within 
county of exposure where 
known; shading indicates states 
where TBRF was reportable Forrester et al., MMWR 2014. 
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B. hermsii

B. turicatae

Forrester et al., MMWR 2014. 



TBRF cases in Texas (1990-2017)



2017 Texas cases of TBRF with known cave exposure



2017 Texas cases of TBRF with known cave exposure



Genetic Analysis of Two Texas TBRF Cases



Genetic Analysis of Two Texas TBRF Cases



The Epi-Aid investigation



 Identify seropositivity and occurrence of illnesses consistent 
with TBRF among occupational cavers near Austin, Texas

 Define the clinical spectrum of illnesses

 Describe cave exposure and use of personal protective 
equipment

 Establish prevention strategies to mitigate risk

Objectives



Methods
 Enrolled consenting employees of organizations that 

employed at least one person who entered caves

 Interviews conducted, blood samples collected, tested for 
TBRF antibodies

 Exposure information and protective measures compared 
between seropositive and seronegative employees





Organization and employee inclusion 

14 organizations 
contacted

46 employees 
participated

2 could not 
provide blood 

samples 
2/46 (4%)

44 employees 
included in the 

analysis

6 declined or did 
not respond
6/14 (43%)

8 organizations 
participated



Who do occupational cavers work for (N = 44) 
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Private

State of Texas

City/County



What job titles do occupational cavers have (N = 44) 

8

6

5
5

3

17

Park ranger

Biologist

Natural resources

Scientist
Environmentalist

Other



Serology results and report of illness

Employees with seropositivity
5/44 (11%)

Seropositive employees with compatible 
clinical illness

4/5 (80%)



Reported symptoms of seropositive employees



Reported symptoms of seropositive employees



Comparison of cave exposure among employees

Cave exposure Seropositive 
(n=5)

Seronegative 
(n=39)

OR (95% CI) P-value

Occupation 5 (100%) 37 (88%) 0.54 (0.02-13.75)

Recreation 3 (60%) 15 (39%) 2.40 (0.36-16.08)

Median number 
of caves entered 
in previous 12 
months (range)

25 (5-41) 4 (0-50) 0.04
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Comparison of protective measures among employees

Protective 
measure

Seropositive (n=5) Seronegative (n=39) OR (95% CI)

Long pants 5 (100%) 34 (87%) 1.16 (0.09-41.19)

Long shirt 4 (80%) 28 (72%) 1.57 (0.13-84.33)

Boots 3 (60%) 30 (77%) 0.45 (0.04-6.30)

Permethrin 1 (20%) 3 (8%) 2.75 (0.23-33.16)

Repellents 1 (20%) 13 (33%) 0.50 (0.05-4.94)



Comparison of protective measures among employees

Protective 
measure

Seropositive (n=5) Seronegative (n=39) OR (95% CI)

Long pants 5 (100%) 34 (87%) 1.16 (0.09-41.19)

Long shirt 4 (80%) 28 (72%) 1.57 (0.13-84.33)

Boots 3 (60%) 30 (77%) 0.45 (0.04-6.30)

Permethrin 1 (20%) 3 (8%) 2.75 (0.23-33.16)

Repellents 1 (20%) 13 (33%) 0.50 (0.05-4.94)



Employee reasons for not using permethrin/repellents

Primary reason for not using Permethrin (n=37) Repellents (n=22)

Does not work well 1 (3%) 1 (5%)

Harmful to cave ecosystem 17 (46%) 10 (46%)

Don’t know what it is 3 (8%) 0

Don’t want to 8 (22%) 5 (23%)

No risk of ticks 8 (22%) 6 (27%)



Permethrin/repellents not used to protect cave ecosystem
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Austin city limits boundaries



Location of caves more frequently visited by 
seropositive employees within Austin city limits



At risk..                                                                                                  



Public health actions



Take aways

 Rare disease, likely underdiagnosed

 Described association of TBRF and cave exposure in Texas

 Advanced understanding of TBRF (B. turicatae) clinical picture

 Identified “risky” cluster of caves 

 On the radar of health professionals/public health personnel



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily 
represent the official position of the Centers for Disease Control and Prevention.

CDC Division of Vector-Borne Diseases
– Alison Hinckley
– Christina Nelson
– Kiersten Kugeler
– Natalie Kwit
– Marty Schriefer
– Adam Replogle
– Jeannine Petersen
– Becky Eisen
– Amy Schwartz
– Christopher Sexton

NIOSH 
– Suzanne Tomasi
– Randall Nett

Austin Public Health 
– Jeffery Taylor
– Anna Klioueva
– Cindy Jaso
– Betsy Kirkpatrick
– Sabine Berghammer

Texas Department of State Health Services



“The cave floor was covered with three inches of dry, powdery 
sand, which was literally alive with ticks. A handful of sand 
yielding thirty or forty of different sizes.”
-Clinical Notes, Suggestions, and New Instruments, Burford Weller, Dec. 1939

Thank you!
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