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TICK-BORNE DISEASES 
Pinar Oray-Schrom, MD 

Week 11 
 

 
Educational Objectives: 
 

1. Review the presentation, diagnosis and treatment of early localized Lyme disease 
2. Recognize the common co-infections of Lyme disease and review their 

management 
3. Be able to educate patients about strategies to prevent tick-borne illnesses  
4. Understand the controversy around “chronic Lyme disease”  

 
 
CASE ONE:  

  
A 26-year-old otherwise healthy female presents to your office complaining of 
malaise and headaches for three days, as well as feeling feverish since yesterday.  
She recently returned from a trip to Lyme, Connecticut, where she was camping for 
two weeks.  She reports having removed several ticks during her trip. Her 
examination is significant for a non-tender oval erythematous skin lesion of 6 cm 
diameter on her right inner thigh, as well as right inguinal adenopathy. She has a 
temperature of 100.3 degrees Fahrenheit.  
 

 
Questions: 
 

1. What is the likely diagnosis? How would you treat this patient?  
This patient’s symptoms of malaise, fever, and headaches are nonspecific. 
However, in conjunction with a history of even possible tick exposure in an 
endemic area for Lyme disease and a rash that is likely Erythema Migrans (EM), 
her presentation is sufficient to make a clinical diagnosis of Lyme disease (CDC, 
2018). The diagnosis of Lyme disease is a clinical diagnosis based on symptoms, 
clinical findings like the EM rash and the possibility of exposure to an infected 
tick. Laboratory testing can aid in making the diagnosis if used correctly and with 
validated methods (CDC). 
 
In the Northeastern United States, Lyme disease is caused by the spirochete 
Borrelia burgdorferi, which is transmitted via an infected Ixodes scapularis tick 
(deer tick) bite. In 2013, six people in the Upper Midwestern states got Lyme 
disease which was caused by a different species, now classified as Borellia 
mayonii. While Borellia burgdorferi is the main cause of Lyme disease in the US;  
borellia afzelii and borellia garinii are the leading cause of Lyme disease in 
Europe and Asia (CDC). Lyme disease can present in three stages. The  
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first stage is early localized disease, which occurs 3-30 days after a tick bite (Hu, 
2016). This stage is characterized by the Erythema Migrans (EM) rash at the site 
of the tick bite, which develops in about 90% of patients with Lyme disease (Hu, 
2018). EM develops at the site of the tick bite and is often referred to as a “target 
lesion” or “bulls eye” rash. It is typically described as an expanding oval or 
circular rash with an erythematous center surrounded by a zone of clearing and 
then another ring of erythema (Hu, 2016). However, EM does not always have the 
classic appearance and can also present as a homogeneously erythematous rash 
(Hu, 2016). Flu-like symptoms like malaise, fever, headaches, myalgias, 
arthralgias or lymphadenopathy can be present in the first stage as well (CDC, 
2018).  The diagnosis is made clinically at this stage as serological testing can be 
insensitive. Only 30% of patients have positive serologies for Lyme disease in the 
early localized disease stage (Pujalte, 2018). [Serologic tests should be positive 
during disseminated disease (CDC).] A diagnosis of early localized Lyme disease 
should be made based on the clinical presentation in this patient. The other two 
stages of Lyme disease, early disseminated disease and late disseminated 
disease, should be reviewed in the Hu article. Early localized Lyme disease is 
treated with oral antibiotics. The efficacy of penicillins, cephalosporins, and 
tetracyclines has been shown to be equivalent. Doxycycline has the best 
bioavailability and central nervous system penetration amongst the oral drugs 
(Hu, 2016). The Infectious Disease Society of America’s (IDSA) treatment 
guidelines are shown in Table 2 of the Annals of Internal Medicine (Hu, 2016) 
article. First-line antibiotic recommendations include: Doxycycline 100 mg twice 
daily for 10-21 days and Amoxicillin 500 mg three times daily for 14-21 days. 
Equally effective is Cefuroxime axetil 500 mg twice daily for 14-21 days which 
can be used if concomitant Staphylococcal or Streptococcal cellulitis is suspected. 
However, Cefuroxime is labeled as a second-line regimen due to its higher cost. 
[Cellulitis is often painful and tender and induration is more common than with 
EM. The rash tends to spread more rapidly than Lyme disease as well (Hu, 
2016).] With regard to duration of treatment, data from European studies suggest 
that antibiotic courses shorter than 10 days are as effective as longer courses for 
the treatment of EM (HU, 2016). Manifestations of early disseminated disease 
like mild carditis, first-degree heart block and isolated facial nerve palsy can be 
treated with oral antibiotics but require a longer course of 21-28 days. Late stage 
arthritis should be treated with oral antibiotics for at least 28 days. Parenteral 
antibiotic therapy is indicated for 2nd and 3rd degree heart block and neurological 
diseases like meningitis or encephalitis. It can also be considered for late stage 
arthritis not responsive to oral antibiotics. (Hu, 2016). 
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CASE ONE CONTINUED: 

 
You clinically diagnose your patient with early localized Lyme disease. She reports 
that she is trying to conceive so you prescribe Amoxicillin. 
 
She returns one week later and reports chills, persistent fever with temperatures of 
101 degrees Fahrenheit, as well as worsened fatigue. On examination, she appears 
pale, the rash has mostly faded away. The patient is wondering if she really has 
Lyme disease and is asking if you could do bloodwork to exclude other diseases. 
 

 
2. Which other tick-borne illnesses should you consider at this time? What type 

of bloodwork is indicated?  
There are several tick-borne illnesses transmitted by various tick species 
throughout the world. Specific tick-borne infections occur based on the 
geographic distribution of their tick vector. Considering the epidemiology of tick 
borne infections is crucial in making the right diagnosis. The most common 
infections transmitted by the Ixodes tick in the northeast of the USA are Lyme 
disease, anaplasmosis, and babesiosis. Less common but possible infections 
include Powassan virus (also known as deer tick virus) infection, relapsing 
fever borreliosis, and ehrlichiosis (Caulfield, 2015). Co-infections with Lyme 
disease have been estimated to occur in up to 15% of patients (Hu, 2016). 
Therefore, possible co-infections should be considered in patients diagnosed with 
Lyme disease, especially in the presence of fever or when there is no response to 
antibiotic therapy for Lyme disease (Caulfield, 2015). Anaplasmosis and 
babesiosis cause a febrile illness and can have no other distinguishing 
characteristics. However, the presence of leukopenia and hepatitis is most 
commonly seen with anaplasmosis and should alert providers if it occurs in a 
patient after a tick bite.  
 
Anaplasmosis: 
Formerly known as “human granulocytic ehrlichiosis”, anaplasmosis is caused by 
an intracellular rickettsia called Anaplasma phagocytophilum. It is transmitted by 
the Ixodes tick and is found in the same geographical distribution as Lyme disease 
(northeastern and upper Midwest U.S.). Anaplasma phagocytophilum can also be 
transmitted via blood product transfusions. The incidence of Anaplasma 
infections is rising. The frequency of Lyme disease simultaneously co-infected 
with Anaplasma phagocytophilum is reported to be up to 10% (Caulfield, 2015).  
Clinical symptoms are nonspecific and can be very variable. The disease usually 
presents as a mild self-limited febrile illness. Symptoms of malaise, headaches, 
myalgias, as well as coagulopathies can be seen. A rash is uncommon. In patients 
with comorbidities or immunosuppression, the infection can progress to a 
fulminant disease with respiratory failure, renal failure, and coagulopathies 
(Caulfield, 2015). Laboratory findings include leukopenia, thrombocytopenia, 
anemia, and transaminitis. The diagnosis is made via a blood smear, showing 
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morulae (microcolonies of anaplasmae) in granulocytes. This can be seen in up to 
80% of samples in early disease, but its detection is operator dependent and 
therefore, an insensitive test. The gold standard for diagnosis is an indirect 
immunofluorescence antibody assay for IgG antibodies, however these antibodies 
are not detectable in early disease. IgM antibodies are less specific and should not 
be used for laboratory diagnosis. Since antibodies do not form in early disease, 
paired serum samples collected in the first week of illness and again two to four 
weeks later, showing a four-fold increase in IgG titers, is the most sensitive test. 
A PCR test detecting DNA is very sensitive during the first week of illness, but 
less sensitive if tetracycline antibiotics are used early in the disease. There are 
currently no FDA approved PCR assays, but PCR testing is available through the 
CDC and selected commercial laboratories (Caulfield, 2015). Anaplasmosis can 
be life-threatening and antibiotic therapy should not be delayed if there is a 
suspicion of clinical disease. Doxycycline 100 mg twice daily for 10-14 days is 
the treatment of choice even in pregnant patients if they have severe infection and 
in children. Rifampin can be used in cases of tetracycline allergy as well as in 
pregnant patients with mild to moderate infection (Eickhoff, 2017). Usually early 
localized Lyme disease would be treated with doxycycline which would treat 
possible coexistent Anaplasmosis as well. The patient in Case One was diagnosed 
with early localized Lyme disease. Since she did not have clinical symptoms 
suggestive of Anaplasmosis during her first presentation and could have become 
pregnant during the course of the antibiotic treatment, amoxicillin was preferred 
over doxycycline. 
 
Babesiosis: 
Babesiosis is caused by a protozoan parasite that infects red blood cells.  
The common species transmitted by the Ixodes scapularis tick in endemic areas 
(northeastern and upper Midwest U.S.) is Babesia microti. The disease can also 
be transmitted via blood product transfusions and is the most common 
transfusion-transmitted pathogen as per FDA reports (Caulfield, 2015). Infection 
of the red blood cells results in hemolysis. Most patients are asymptomatic or 
have self-limited disease. Immunosuppression or asplenia can lead to life-
threatening presentations. Common symptoms are fever, malaise, headache, and 
myalgias. Laboratory findings include hemolytic anemia and thrombocytopenia. 
The diagnosis is made by the identification of the intracellular parasite within 
erythrocytes on a blood smear or PCR testing. Antibodies are usually not 
detectable during acute disease and cannot reliably distinguish between active and 
prior infection and should therefore be used as supportive laboratory evidence 
rather than as a diagnostic tool (CDC, 2018).  Babesiosis often resolves without 
treatment. Treatment is indicated in patients with severe symptoms or in the 
immunocompromised. Doxycycline is NOT effective against Babesiosis and a 7-
10 days course of atovaquone plus azithromycin or clindamycin plus quinine 
should be used.  
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Serological testing for Lyme disease: 
Serological testing for Lyme disease has poor sensitivity in the early stages (first 
two weeks) of disease and patients presenting with EM should be treated without 
serological testing. Random serology testing yields high false positive results. It is 
therefore important to use serological testing only in the appropriate clinical 
setting (Hu, 2016). The current recommendation is the “2-step approach”. An 
initial enzyme–linked immunosorbent assay (ELISA) is performed. If it yields 
positive results it is followed by a more specific Western blot test. The tests can 
be done to detect both IgG and IgM antibodies and should be ordered based on 
the clinical scenario. Generally, the immune response via development of IgM 
antibodies occurs sooner (one to two weeks) compared to the IgG antibodies (two 
to four weeks). Serologic testing can be very variable, and its sensitivity is 
suboptimal for IgG and IgM testing for ELISA and Western blot during the first 
two weeks of disease (Hu, 2016). IgM testing is associated with more false-
positive results and should not be ordered in patients who have had symptoms for 
more than one month (Hu, 2016). Early antibiotic treatment can interfere with 
antibody formation, thus the absence of antibodies in such patient should not be 
interpreted as absence of an initial infection (Hu, 2016). Western blot can identify 
reactivity to specific antigens. For IgM testing, typically three antigens (or 
“bands”) are used. For IgG testing 10 antigens (or “bands”) are used (Hu, 2016). 
The CDC criteria for positive Western blot tests require five or more bands for 
IgG and two or more bands for IgM (Caulfield, 2015). A newer “C6 peptide 
ELISA test” has higher sensitivity than the two-step testing and is better at 
detecting early disease but is less specific when compared to the two-step testing 
(Hu, 2016). Antibodies against Lyme disease persist; therefore, a single positive 
serological test cannot distinguish between active and past infection. For the same 
reason, serological testing cannot be used to determine treatment response (CDC, 
2018).   

 
The patient in Case One had early Lyme disease as she had EM and known 
exposure to ticks in an endemic area. She subsequently received appropriate 
therapy for Lyme disease. Doing serological testing for Lyme disease would not 
add to nor change management in this case. However, the possibility of 
coinfections should have been considered and discussed with the patient. In 
Lyme-endemic areas, the most common coinfections are anaplasmosis and 
babesiosis. Ehrlichiosis and Powassan virus are less likely, but also possible in 
tick bites in endemic regions for Lyme diseases. Given this patient’s worsening 
symptoms, the following blood work would be indicated: CBC, CMP (complete 
metabolic panel) including evaluation of liver enzymes and renal function testing. 
Additional concomitant specific testing should include a blood smear looking for 
Anaplasma morulae in granulocytes and Babesiosis protozoa in erythrocytes. IgG 
antibodies against Anaplasma phagocytophilum and PCR testing for Babesia 
microti should be ordered. PCR testing for Anaplasma can be considered if 
available. A second blood sample for Anaplasma antibodies can be considered 
two to four weeks later to evaluate for a four-fold increase in the antibody titer to 
confirm diagnosis.   
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CASE ONE CONTINUED: 

 
You order blood work and results show: 
Hgb: 10 g/dl, WBC: 3.5 Ux1000/muL, Platelet count: 130,000/muL, AST: 55U/L, 
ALT:60 U/L. Blood smear shows morulae in granulocytes, but no protozoa in 
erythrocytes. PCR for Babesia microti is negative.  
 

 
3. How do you treat this patient? 

The patient has morulae on blood smear which is diagnostic for anaplasmosis. 
Her mild anemia, leukopenia, thrombocytopenia and transaminitis, while 
nonspecific, are also consistent with this diagnosis. You explain to the patient that 
Doxycycline 100 mg twice daily for 14 days is indicated. You assure her that she 
had Lyme disease and while amoxicillin was the appropriate treatment, it did not 
treat anaplasmosis or ehrlichiosis, which doxycycline would. You ask her to stop 
amoxicillin and start doxycycline therapy. The patient is currently menstruating 
and is not concerned about a possible pregnancy. 
 
 

CASE TWO: 

 
A 45-year-old landscaper from Long Island, New York presents to your office, he 
removed an engorged tick from his armpit the night prior. He was advised to 
present to a doctor to receive antibiotic prophylaxis. He shows you a picture on his 
phone of an attached and engorged tick, that appears to be an Ixodes tick [identified 
by a black-brown solid colored scutum or “shield” (tickencounter.org)]. He denies 
any symptoms. On examination, you notice erythema of about 3 mm diameter at the 
bite site. He does not have any rashes. He is wondering if he needs antibiotics and is 
asking how tick bites can be prevented in the future.  
 

 
4. Is antibiotic prophylaxis indicated in this patient? What measures would you 

recommend to decrease tick bites? 
Ticks need to be attached for 24-48 hours before Borrelia burgdorferi  
transfer from the tick occurs. Anaplasma phagocytophilum and Babesia microti 
can be transmitted in a shorter time-frame.  
 
As per IDSA guidelines antibiotic prophylaxis for Lyme disease with a single 
dose of oral Doxycycline 200 mg is recommended if all of the following criteria 
are met (Caulfield, 2015): 

• No contraindication to doxycycline  
• The tick can be identified as an Ixodes scapularis tick 
• The patient lives in an endemic area where Borrelia burgdorferi 
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infections in ticks is more than 20% 
• The estimated time of tick attachment is 36 hours or more  
• Prophylactic antibiotic can be started within 72 hours of tick removal  

 
Assuming that the patient in Case Two is not allergic to doxycycline, he should 
receive antibiotic prophylaxis with one oral dose of 200 mg doxycycline. This 
regimen does not prevent any other tick-borne illnesses like anaplasmosis, 
babesiosis or ehrlichiosis.  
 
Tick bite prevention: 
Tick bites can be prevented by clothing that limits exposed skin. Long pants that 
are tucked into socks can prevent ticks crawling up the legs. Light colored 
clothing makes it easier to spot ticks. Impregnating clothing with permethrin and 
using DEET-containing insect repellants have been shown to decrease tick bites 
(Hu, 2016). While treating lawns and gardens with acaricides is effective to 
decrease the number of ticks, it has not been shown to decrease Lyme disease 
(Hu, 2016).  

 
 
CASE THREE: 

 
A 62-year-old female patient presents to your office as a new patient. She reports 
having had Lyme disease with arthritis seven years ago. She received appropriate 
antibiotic treatment at a university hospital at that time. She complains of fatigue, 
muscles aches all over her body, frequent headaches, and memory problems ever 
since she was diagnosed with Lyme disease. She has read about “chronic Lyme 
disease” and is requesting testing and treatment for it.  
 

 
5. What is “chronic Lyme disease” and how should it be managed? 

Untreated, late stage Lyme disease can have sequelae like arthritis or neuropathy 
which can be measured. These symptoms are thought to be caused by persistent 
low-level infection, inflammatory response to infection or an auto-immune 
response.  In a small number of patients, nonspecific symptoms like fatigue, 
muscle and joint achiness, nonspecific neurological symptoms and memory 
problems persist for more than six months after appropriate Lyme treatment. Up 
to six months after treatment, these nonspecific symptoms are referred to as “post-
Lyme disease symptoms”, beyond six months: “post-Lyme disease syndrome”; 
the cause and frequency of this problem are unclear (Shapiro, 2015). The 
association of these symptoms with Lyme disease has not been established and 
studies have shown that these nonspecific symptoms occur as commonly as in the 
general population (Hu, 2016). The term “chronic Lyme disease” is used amongst 
lay groups, a condition for which there is no clear definition or scientific evidence 
(Shapiro, 2015).  
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It is known that serological markers like IgG and IgM remain positive for several 
years after antibiotic treatment and serological testing is not helpful in making a 
further diagnosis. Several studies have shown that repeated antibiotic treatment 
does not relieve posttreatment Lyme disease syndrome when compared to placebo 
(Bush, 2018). The IDSA recommends against antibiotic treatment in the absence 
of objective evidence for active Borrelia burgdorferi infection (Bush, 2018). 
These patients should be evaluated for conditions like fibromyalgia or chronic 
fatigue syndrome. (Of note, new IDSA guidelines for diagnosing and treating 
Lyme are in progress as of fall, 2018.) 
 

BONUS QUESTION: 
 

6. Can tick bites cause vegetarianism?  Myth or not? 
Amblyomma americanum, also called “the lone star tick” is endemic in the 
southeastern and south-central states. However, its range is expanding and the 
geographic distribution of Ixodes scapularis and A. americanum overlaps with the 
exception of the Midwest. A lone star tick bite is associated with the Southern tick-
associated rash illness (STARI). The tick bite can cause an erythema migrans like 
rash and flu-like symptoms that can be confused with Lyme disease. The most 
reliable way to distinguish the two illnesses is identifying the tick that caused the 
bite (Ixodes scapularis described above; Lone Star tick-reddish brown oval bodies 
that become slate grey when engorged. Females have a single whitish to silvery 
spot on their backs, whereas male lone star ticks have several inverted horseshoe-
shaped whitish spots along their backs). At this time, the cause of STARI is not 
known (Eickhoff, 2017). 
 
Bites of the Lone Star tick have been associated with the development of red meat 
allergy, also called “alpha-gal syndrome.” The tick bite is believed to transmit the 
polysaccharide alpha-gal into the body that can trigger an allergic reaction to red 
meat. Currently there is no treatment other than meat avoidance (Commins, 2013) 
(www.mayoclinic.org). 
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CME Questions: 
 

1. Which statement about Lyme coinfections is true? 
a. All Lyme coinfections can be treated with antibiotics.   
b. Coinfections should be considered in patients with a diagnosis of Lyme 

disease who present with fever.  
c. One dose of 200 mg oral Doxycycline is used to prevent Lyme disease, as 

well as anaplasmosis in endemic areas. 
d. Patients who have Lyme coinfections are more likely to develop post-

Lyme disease syndrome.  
 

2. Which of the people below should receive antibiotic prophylaxis for Lyme 
disease?  

a. A 50-year-old male who will participate in a hike in an endemic area for 
Lyme disease 

b. A 65-year-old female who removed a tick from her abdomen four days 
ago 

c. A 23-year-old female in her second trimester of pregnancy who was in the 
woods three days ago and has an engorged Ixodes tick on her scalp  

d. A 32-year-old ranger in New Hampshire, who has an engorged Ixodes tick 
in his groin 

 
3. Which methods are not recommended to decrease the incidence of tick bites? 

a. Using insect repellents containing DEET 
b. Spraying lawn and gardens with acaricides  
c. Nightly “tick checks” on one’s body 
d. Impregnation of clothing with Permethrin 

 
Answers: 

 
1. b   Coinfections should be considered in all patients who are diagnosed with Lyme   

disease especially if there are systemic symptoms or if symptoms do not improve 
with antibiotic treatment. Not all coinfections can be treated with antibiotics as 
there are viral coinfections as well (a). Coinfections have not been shown to be 
associated with the development of posttreatment Lyme disease syndrome (d). 
Antibiotic prophylaxis with one dose of doxycycline does not treat or prevent any 
other infections than Lyme disease (c). 

2. d    The patient in d is assumed to have had the tick attached for 36 hours or more as 
it is engorged and fulfills all criteria for antibiotic prophylaxis if he can take 
doxycycline. Doxycycline is contraindicated in pregnancy and cannot be use for 
prophylaxis in the patient (c). Prophylaxis cannot be given in anticipation of tick 
exposures (a). Prophylaxis is not recommended beyond 72 hours of tick removal 
(b). 

3. b While acaricides are effective in killing ticks, it has not shown to decrease tick 
bites or Lyme disease. All other options are preventative measures that are 
recommended by the CDC.  
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