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It takes a team….



Tick and Tick-Borne Disease 
Surveillance

 To estimate prevalence and distribution of 
pathogenic tick-borne disease agents

 To follow up on unusual human exposure

 To communicate risk to people

 Tick species, seasonality, abundance

 To document new or novel species closely related to 
known human pathogens 

 To collaborate with other institutions doing tick 
research

Goals of VBDS Tick Program



Overview of today’s 
presentation

 General characteristics of the 
agent and vector at global, 
national, state level

 Clinical aspects in humans

 Disease reporting and California 
human data

 Other Borrelia sp and animal 
considerations

 In the field: following up on a 
TBRF case

 Prevention



Tick-Borne Relapsing Fever (Borrelia spp)

 Caused by infection 
with Borrelia species 

 During infection, the Borrelia change 
their surface antigens (antigenic 
variation), lending to repeated 
spirochetemias and stimulation of the 
immune system by each new antigen and 
a febrile response by the patient

 Transmitted to humans by the bite of an 
infected Ornithodoros tick (Argasidae)

 Typically the Borrelia species take their 
specific names from the soft ticks 
(Ornithodoros species) that transmit 
them

Source: Gary Green, M.D., Sonoma Co.



Ornithodoros
characteristics

 Live in protected environment usually 
nest - 10 – 20 years!

 Life cycles: egg, single larva, several 
nymph stages then adult male or female. 

 All stages are obligate blood feeders

 Feed within 15 to 90 minutes. 

 The larvae and younger nymphs usually 
molt to the next stage after one blood 
meal, the larger nymphs may feed twice 
before molting. 

 As adults, feed repeatedly and can live for 
many years in protected environments 

 The females lay clutches of eggs after 
each blood meal.



TBRF: World wide distribution with various 
tick/Borrelia species combinations



In the United 
States, TBRF 
occurs most 
commonly in 14 
western states: 
Arizona, 
California, 
Colorado, Idaho, 
Kansas, 
Montana, 
Nevada, New 
Mexico, 
Oklahoma, 
Oregon, Texas, 
Utah, 
Washington, and 
Wyoming.



Borrelia found in California Ticks



~ 1 case/year

~100 cases/year

~1  case/year

~ 2 cases/year

~5 cases/year

~8 cases/year



Tick-borne Relapsing Fever (TBRF): B. hermsii

Agent
 Borrelia hermsii
 Visible on stained red 

blood smear

Source: Gary Green, M.D., Sonoma Co.

Vector
 Soft (Argasid) ticks, Ornithodoros spp.

Reservoir
 Peridomestic rodents 

 Chipmunks, squirrels, rats, mice
 The tick itself



 Sciurids (squirrels, chipmunks): 31%

Tamias (chipmunks): 36%

Otospermophilus (ground 
squirrels): 21%

Neotoma (Woodrats):14.3%

 Seropositive rodents detected 1200 
m – 2400 m (4,000 – 7,000 ft) 
elevation

 Seropositivity increased with 
elevation

Serologic assessment, Rodents

Fritz et al. 2013. Vector Borne Zoonotic Disease



 High risk sites:
 Rodent-infested cabins 3000 - 9000                                               

feet elevation

 coniferous forest

 Soft ticks live in rodent nests in building
 Seek out blood meal when rodents vacate nest

 Humans vulnerable when sleeping on floor or 
in beds in contact with walls

Tick-borne Relapsing Fever Exposure

Rodent nest in crawl space



Clinical TBRF
 The mean incubation period of TBRF is 7 days (range, 4 to > 18 

days)
 High fever (e.g., 103° F), headache, muscle and joint  aches. 

Symptoms can reoccur, producing a telltale pattern of fever 
lasting roughly 3  days, followed by 7 days without fever, 
followed by another 3 days of fever.

 Diagnosis:
 stained blood smear during febrile phase
 ELISA or IFA (whole cell or GlpQ)
 PCR

Source: NEJM, case description



November 15, 2005  Volume 72, Number 10 www.aafp.org/afp American Family Physician



Treatment and Treatment Complications
 Penicillin and other beta-lactam antimicrobials, tetracyclines, 

macrolides, and possibly fluoroquinolones. 
 CDC has not developed treatment guidelines; in general tetracycline 

500 mg every 6 hours for 10 days is typical. 

 Parenteral therapy with ceftriaxone 2 grams per day for 10-14 days for 
patients with central nervous system involvement

 All patients should be observed during the first 4 hours of 
treatment for a Jarisch-Herxheimer reaction. 
 a worsening of symptoms with rigors, hypotension, and high fever, 

occurs in over 50% of cases and may be difficult to distinguish from a 
febrile crisis. 

 In addition acute respiratory distress syndrome requiring intubation 
has been described recently in several patients undergoing treatment 
for TBRF.



Notifiable Disease Surveillance: Route of Information

Reporting mandated by state 
law (Title 17 CCR)

Health care providers, laboratories, 
others, report to local health 
department (LHD)

LHD submits reports to CDPH

Reports transmitted to Centers for 
Disease Control and Prevention 
(CDC) 

http://www.seagullsoftware.com/about/customers/case_studies/Logos/cdclogo.jpg


Notifiable Disease Surveillance: Route of 
Information
Reporting mandated by state law (Title 17 CCR)

Reportable TBD include: anaplasmosis, babesiosis, Lyme disease, relapsing 
fever (B. hermsii), spotted fever and non-spotted fever group rickettsia

Local health department (LHD) 
receives, follows-up, reviews reports

LHD submits reports to CDPH

Reports transmitted to Centers for 
Disease Control and Prevention (CDC) 

http://www.seagullsoftware.com/about/customers/case_studies/Logos/cdclogo.jpg


Working surveillance case definition

CLINICAL EVIDENCE
One or more episodes of fever (>100.5 °F) lasting 2-7 days and separated 
by afebrile periods of 4-14 days, often accompanied by headache, muscle 
and joint aches, and nausea.

LABORATORY EVIDENCE
For the purpose of surveillance:

Laboratory confirmed

• Observation of Borrelia sp. spirochetes on thick or thin smear of 
peripheral blood collected during a febrile episode

Laboratory supportive

• Elevated IgM or IgG serum antibodies to B. hermsii detected by 
commercial EIA or IFA



Working surveillance case definition
CLINICAL EVIDENCE
One or more episodes of fever (>100.5 °F) lasting 2-7 days and separated by afebrile 
periods of 4-14 days, often accompanied by headache, muscle and joint aches, and 
nausea.

CASE CLASSIFICATION 

Confirmed: A clinically compatible case (meets clinical evidence criteria) that is 
laboratory confirmed (observation of Borrelia spirochetes on blood smear)

Probable: A clinically compatible case (meets clinical evidence criteria) that has 
supportive laboratory results (elevated IgM or IgG to B. hermsii by commercial EIA or IFA) 
and  a history of being in the same location as a confirmed case 2 to 14 days prior to onset 
of first febrile episode

Suspect: A clinically compatible case (meets clinical evidence criteria) that has supportive 
laboratory results and a history of residing in or visiting an area in the western U.S. 
between 2000 and 9000 feet elevation 2 to 14 days prior to onset of first febrile episode 



* Includes all classifications (confirmed, probable, suspect and not reported).  “not reported” = anecdotal 
cases that did not fit surveillance criteria due to lack of testing or other reasons but were known to be 
treated
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Number of TBRF Cases in California, 1980 -
2018*
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Sex Frequency Percent

Female 125 39.43%

Male 192 60.57%

TOTAL 317 100.00%

Obs Mean Min Median Max

Age 313 34.1885 1 33 86

# reporting Mean Min Median Max Mode

Number of febrile 
episodes 249 2.6908 1 3 8 3

Basic demographics, clinical, 
TBRF cases, 1980-2018



Common 
Symptoms TBRF 
(2010 – 2019)

Symptom (n=# 
responding to 

question)
Percentage reporting 

Symptom
Fever (n=68) 100%
Chills (n=63) 94%
Headache (n=62) 87%
Bodyaches (n=64) 83%
Nausea (n=63) 78%
Loss of Appetite 
(n=55) 75%
Sweats (n=60) 75%
Dry Cough (n=54) 27%
Other (n=39) 89%
Fatigue 50%
Joint pain 26%
Shortness of breath 15%
Abdominal pain 13%
Photophobia 15%

Case status
Percent 
Hospitalized

Confirmed 43%

Probable 5.8%

Suspect 4.3%



Several recent cases misdiagnosed as Lyme 
Disease

Amador exposure (2018)
Eldorado exposure (2017)
San Diego resident (2016)
 Inyo County exposure (2016) 

Treating physician saw spirochetes on blood smear
 (Very unlikely to see Borrelia burgdorferi on blood 

smear)



TBRF Can be Severe

3 cases:

• Nevada – intubated 12 days, required 21 days hospitalization, 
spirochetes on blood smear. Exposure: South Lake Tahoe

• California – intubated 10 days, required 19 days hospitalization, 
spirochetes on blood smear. Exposure: South Lake Tahoe

• Washington: intubated 3 days, required 10 days hospitalization. 
Exposure: Washington state



Exposure
Report Insect 

bite
# %

No 40 59.70%

Unknown 10 14.93%

Yes 17 25.37%

TOTAL 67
100.00
%

Travel 
History Frequency Percent

N 14 20.59%

Y 54 79.41%

TOTAL 68 100.00%

part of 
outbreak Frequency Percent

N 35 64.81%
U 10 18.52%
Y 9 16.67%

TOTAL 54 100.00%



* CDPH surveillance data, includes confirmed, probable, suspect

> 30 

20-29

10-19

< 10

Number of cases

County # %

Mono 54 18.3%

El Dorado 35 11.9%

San Bernardino 29 9.8%

Nevada 24 8.1%

Fresno 21 7.1%

Tulare 19 6.4%

Placer 18 6.1%

Tuolumne 11 3.7%

Inyo 8 2.7%

Alpine 7 2.3%

Counties of exposure

?



Other TB Relapsing Fever in California? 

 B. parkeri, B. coriacea, and B. miyamotoi

 Ornithodoros parkeri, vectoring B. 
parkeri, assumed range of lower Sierra 
Nevada, Central Valley floor, some coastal 
regions, and parts of southern California 

 One published human case of B. parkeri
in California, 1939: Stanislaus County, 
with spirochetes detected in O. parkeri
collected from Fresno County

 Recent study (Osborne et al) 
demonstrated  PCR positive O. parkeri
nymphs in Madera County at 
picnic/recreation area

Osborne et al, J. Med Ent 2019



What About My Dog? 

 Dogs can be fed upon by Borrelia-infected 
Ornithodoros ticks when they sleep in 
tick-infested cabins or while foraging in 
excavated, or underground burrows or caves 

 Reports and detection of  B. turicatae in dogs in 
Texas, Florida

 One report of B. hermsii infection in dog from 
Washington state

 Clinical presentation in dogs similar to humans: 
fever, lethargy, anorexia, neurological signs 
(ataxia, tail tucking and cranial nerve deficits)-
non specific

Elieu. Vet Med Sci. 2018 Nov; 4(4): 271–279. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6236141/


Follow-up sites of some 2016 TBRF Cases

Utica reservoir (1 case), camping 
exposure

Old Mammoth Cabin 
(4 cases),  many ticks 
recovered

Research station (1 
case), ticks recovered 

SEKI National park (5+ 
cases in park 
residents; 4 cases last 
year)

Motivation for 
environmental follow-
up:
• Prevent more cases 

from same cabin
• Identify place of 

likely infection in 
case of multiple 
exposure potential

• Investigate unusual 
exposures (e.g. 
camping)



Investigation, Research Station

Bed where 
patient slept 
pulled away from 
wall for 
investigation

Carpet 
pulled up 

Tick found under carpet weaving



Description of case and exposure follow up
Probable case (serologic support only); ticks with B. hermsii infection
recovered from exposure at Mt. Wison Observatory (1,737 m 
elevation) outside urban Los Angeles



Preventing Tick-borne Relapsing Fever
 Prevent rodent infestations of dwellings

 Discourage feeding of chipmunks and squirrels

 Store firewood away from dwelling



Preventing Tick-borne 
Relapsing Fever

 Keep beds away from walls

 Removal of rodents from structure 
without ectoparasite control may 
increase disease potential
 Insect foggers, aka “bug bombs” may 

be helpful (Schwann et al, 2003, EID)

 attempt to identify and remove rodent 
nests critical



Finishing thought: why NOT to sleep on cabin 
floors, no matter how nice the cabin…



Questions? 
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