
Vector-borne diseases are infections 
that are primarily transmitted by insects.  
Approximately 17% of worldwide infec-
tions are vector-borne.1 The National 
Notifiable Disease Surveillance System 
(NNDSS), overseen by the Centers for 
Disease Control (CDC), tracks 16 vector
-borne diseases transmitted by ticks, 
mosquitos, and fleas. Approximately 
650,000 cases of vector-borne diseases 
were reported to the NNDSS from 2004 
– 2016. More than 75% of these were 
tick-borne, predominantly reported from 
the eastern part of the country and the 
pacific coast.2 NNDSS reports that tick-
borne disease cases have more than 
doubled in the last 13 years.2 

 
Ticks can carry and transmit multiple 
pathogens, such as bacteria, viruses, 
and protozoa. While there are approxi-
mately 900 species of ticks, only about 
25 species are of medical or veterinary 
concern.3 Ixodes scapularis (pictured 
below), also known as the black legged 
tick or deer tick, is the most common 
species of tick in the northeastern re-
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gion of the United States and transmits 
the vast majority of tick-borne human 
pathogens.4 I. scapularis historically 
presented in modest numbers in the 
northeastern region of the United 
States. However, this species of tick has 
spread to cover most of the Eastern 
U.S. and into southern Canada. An in-
crease in reforestation and white-tailed 
deer population, coupled with warming 
climates, are thought to be contributing 
factors of the geographical spread of I. 
scapularis.3 
 
I. scapularis feeds three times within its 
life cycle of approximately two years 
and goes through three stages of devel-
opment; larvae, nymph, and adult.  
Each feeding, or blood meal, occurs 
once during each stage of life.5 Egg lay-
ing typically begins in the spring with the 
larvae becoming predominant during the 
summer months. The larvae will feed on 
small mammals such as mice during the 
summer, although they can also feed on 
other animals such as birds and even 
lizards. White-footed mice are thought 
to serve as the primary reservoir for 
human pathogens transmitted by I. 
scapularis. Most pathogens infect the 
larval stage tick during their first blood 
meal.  After their first blood meal, larvae 
go dormant during the winter and mold 
into the nymph stage during the follow-
ing spring/summer. Nymphs will feed 
once on small or large mammals such 
as white-tailed deer or humans, poten-
tially transmitting any pathogens ac-
quired to their host. The nymph form of 
I. scapularis is responsible for the ma-
jority of pathogen transmission to hu-

mans.6 Once the nymph takes its blood 
meal, it will mold into the adult stage. If 
the adult tick survives its second winter, 
it will seek out a final host for its third 
blood meal prior to laying eggs or com-
pleting its life cycle.3,6,7 Adults will typi-
cally feed on large mammals such as 
white-tailed deer or humans, providing a 
second opportunity to transmit any path-
ogens acquired to its host.  
 
While there are 7 human pathogens 
known to be transmitted by I. scapularis, 
five are transmitted to humans in the 
northeast region of the U.S.: Borrelia 
burgdorferi (B. burgdorferi), Anaplasma 
phagocytophilum (A. phagocytophilum), 
Babesia microti (B.microti), Borrelia 
miyamotoi (B.miyamotoi), and Powas-
san virus.4 

 
B. burgdorferi is a spirochete bacte-
rium that causes Lyme Disease (LD), 
the most common tickborne disease in 
the U.S, and tracked by the NNDSS.  
According to the CDC, approximately 
300,000 cases of LD occur each year, 
although this number is largely underre-
ported.8 During 2018, 3,692 Connecticut 
Medicaid patients were diagnosed with 
(LD). Most cases of LD occur in the 
summer, and ticks need to be attached 
to their host for a prolonged period of 
time (48-72 hours) to transmit the bacte-
ria. There are 3 stages of LD: early lo-
calized disease; early disseminated dis-
ease; and late disseminated disease.6,9   
 
Early localized disease typically occurs 
7-10 days after the tick bite and 70-80% 
of patients will develop an erythema 



migrans rash, or bullseye rash, at the 
site of the bite.10 Patients can experi-
ence flu-like symptoms and lymphade-
nopathy during the early localized dis-
ease stage. 6,9 Early disseminated dis-
ease can include signs and symptoms 
from the localized stage, but patients 
may also experience cardiac manifesta-
tions such as atrioventricular heart 
block, or myocarditis and neurologic 
manifestations such as peripheral nerve 
palsy, meningitis, or encephalitis. Late 
disseminated disease presents with 
rheumatologic manifestations including 
Lyme arthritis, or baker’s cysts as well 
as neurologic manifestations.6,9 During 
early localized disease, patients should 
be diagnosed clinically as serological 
tests are not always sensitive during the 
first stage of infection, although titers 
may be helpful at this time in making a 
diagnosis. For patients with suspected 
LD for over a one-month period, a two-
tier diagnosis approach should be made 
using serum testing and confirmed by 
western blot.9 Coinfection with B.microti 
and/or A. phagocytophilum should be 
considered and tested for in patients 
who present with more severe symp-
toms such as patients with high grade 
fever for > 48 hours despite antibiotics, 
or patients who have unexplained ane-
mia, leukopenia, or thrombocytopenia.9 

Treatment recommendations for LD can 
be found in Table 1. 
 
A. phagocytophilum is an intraleuko-
cytic bacterium that causes anaplasmo-
sis.9,11 Formerly known as Human Gran-
ulocytic Ehrlichiosis (HGE) and now 
known as Human Granulocytic Anaplas-
mosis (HGA), this is a bacterial infection 
affecting leukocytes. Added to the 
NNDSS list of notifiable diseases in 
2000, reported cases increased from 
351 in 2000 to 4,151 in 2016.12  During 
2018, 141 Connecticut Medicaid pa-
tients were diagnosed with ehrlichiosis 
(other/unspecified). A search of the ICD
-10 database did not return results for 
anaplasmosis, leading to the conclusion 

that anaplasmosis diagnoses in Con-
necticut may be classified under the 
formerly known ehrlichiosis. Disease 
presentation tends to be less severe 
than other Ehrlichiosis infections, such 
as Rocky Mountain Spotted Fever 
(RMSF), and presents with fever, chills, 
and myalgias. Lab abnormalities can 
include leukopenia, thrombocytopenia, 
and increased liver function tests 
(LFTs).9,11 Risk factors for more severe 
infection include: immunosuppression, 
advanced age, comorbid disease 
states, and delay in diagnosis and treat-
ment.9,11 Case fatality rate is <1% for 
patients who seek medical help.9,11  

Coinfection with other I.scapularis path-
ogens may present as a more severe 
case of anaplasmosis. Using a blood 
smear to detect morulae in the cyto-
plasm of granulocytes is highly sugges-
tive of anaplasmosis (image below9) but 

B.microti is a protozoan intraerythro-
cytic parasite that causes Babesiosis.  
Added to the NNDSS list of notifiable 
diseases in 2011, approximately 2,000 
cases of babesiosis occur each year in 
the U.S., up from approximately 1,000 
cases reported in 2011.12,13 During 
2018, 161 Connecticut Medicaid pa-
tients were diagnosed with babesiosis. 
There are a few Babesia species that 
can infect humans, however, B.microti 
is the primary species.14 Babesiosis is 
emerging in areas endemic for LD and 
presentation can range from subclinical 
to severe.15  Babesiosis can often be 
asymptomatic in healthy patients, how-
ever, certain risk factors can increase a 
patient’s risk for symptomatic and more 
severe presentation of the illness.  Pa-
tients who are asplenic, immunocom-
promised, and of older age have a high-
er risk of severe disease.16 Symptomat-
ic infection presents similarly to malaria 
with patients experiencing fever and 
fatigue, chills, sweats, arthralgias, and 
myalgias. Lab findings tend to be con-
sistent with hemolytic anemia, as this 
bacterium attacks a patients red blood 
cells. Patients can also experience 
thrombocytopenia, elevated LFTs and 
abnormal kidney function tests.17 Se-
vere cases can present with dissemi-
nated intravascular coagulation, hemo-
dynamic instability, acute respiratory 
distress, renal failure, hepatic failure, 
and death.  Mortality rates of 6-21% 
have been reported, and end-stage 
organ complications can develop in 
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B.microti 

A. phagocytophilum 

must be confirmed by an additional test 
such as a polymerase chain reaction 
(PCR) test, serum test, or immunohisto-
chemical staining from tissue samples.9 

Treatment recommendations for ana-
plasmosis can be found in Table 1, and 
it should be noted that the American 
Academy of Pediatrics (AAP) recom-
mends doxycycline as first line treat-
ment for all children with tick-borne ana-
plasmosis, regardless of age. No evi-
dence has been shown to cause stain-
ing of permanent teeth, even when mul-
tiple courses are given before the age 
of eight. 9  



57% of immunocompromised pa-
tients.18,19 Diagnosis of babesiosis can 
be made by identification of intraerythro-
cytic Babesia parasites in a blood 
smear sample (image on page 29), posi-
tive PCR, or isolation of the parasite 
from a whole blood sample.9 Treatment 
recommendations for babesiosis can be 
found in Table 1. 
 
B.miyamotoi is another spirochete bac-
terium transmitted by I. scapularis that 
causes relapsing fever.9,20 The bacte-
rium was first discovered in Japan in 
1994 and then subsequently in Con-
necticut during 2000. During 2018, 10 
Connecticut Medicaid patients were 
diagnosed with tick-borne relapsing 
fever. B.miyamotoi is one of two I. scap-
ularis pathogens that can be transmitted 
both horizontally and vertically (from 
mother to egg) and can be transmitted 
to humans by larval ticks. Most other 
pathogens are only transmittable during 
the nymph or adult stage, after the tick 
becomes infected with a pathogen dur-
ing a blood meal.  Human transmission 
commonly occurs during the summer 
months, and while B. miyamotoi has not 
been added to the NNDSS list of notifia-
ble diseases, recent reports suggest 
infection rates are comparable in fre-
quency to babesiosis or anaplasmosis 
in areas endemic for LD.15  In 2014, a 
study reported that 4% of healthy south-
ern New Englanders had seropreva-
lence of B.miyamotoi, indicating prior 
infection.21 B.miyamotoi relapsing fever 
presents with fatigue, headache, chills, 
myalgia, arthralgia, nausea, and relaps-
ing fever. Risk factors for severe dis-
ease are similar to other I. scapularis 
pathogens and severe disease can pre-
sent as meningoencephalitis. If 
B.miyamotoi is suspected, especially in 
an area known for LD, blood smear, 
PCR and/or antibody-based tests 
should be performed for diagnosis.  
Treatment recommendations for 
B.miyamotoi relapsing fever can be 
found in Table 1. Symptoms will resolve 

within a week of starting treatment; 
however, it has been reported that an 
adverse react ion,  the Jar isch-
Herxheimer reaction, can occur in pa-
tients receiving the first or second dose 
of antibiotics. Jarisch-Herxheimer reac-
tion presents as returning fever, chills, 
rigor, diaphoresis, hypotension and 
even shock. This has been reported in 
up to half of people treated with antibiot-
ics for relapsing fever and in 15% of 
patients in Russia treated for 
B.miyamotoi.22,23 Supportive measures 
are recommended if this occurs. 
 
Powassan Virus (POWV), also known 
as the deer tick virus (DTV), is caused 
by a tick-borne flavivirus that can be 
transmitted by larval ticks, due to verti-
cal transmission, as well as nymph and 
adult ticks. Transmission to humans 
occurs quickly, within 15 minutes after 
initial tick attachment (much faster than 
B. burgdorferi). 24,25 Due to the increas-
ing incidence, POWV was added to the 
NNDSS list of notifiable diseases in 
2002, and approximately 100 cases 
have been reported to the CDC in the 
last decade.26 During 2018, 10 Connect-
icut Medicaid patients were diagnosed 
with tick-borne viral encephalitis. Symp-
tomatic POWV presents with sore throat, 
drowsiness, headache, and disorienta-
tion. POWV can cause severe neuroin-
vasive illness such as encephalitis, me-
ningoencephalitis, and aseptic meningi-
tis which presents with vomiting, respir-
atory distress, loss of coordination, diffi-
culty speaking, and seizures.27 Approxi-
mately 10% of all POWV encephalitis 
cases are fatal, and severe neurological 
symptoms can remain in over 50% of 
survivors.28  Serologic testing is the pri-
mary method for diagnosis, using 
POWV-specific IgG and IgM antibodies 
to detect the virus in patients’ blood or 
plasma.29 Testing is available through 
the CDC and certain state health de-
partments, however, there is limited 
commercial testing available.9 Currently, 
there are no available vaccines for pre-

vention of POWV.  If a patient does 
become infected and requires hospitali-
zation, supportive care is the best form 
of treatment (IV fluids, respiratory sup-
port, and reducing cerebral edema). 
 
During the 1970’s, I. scapularis was not 
known to transmit pathogens to animals 
or humans. Now, more than 40 years 
later, I. scapularis is the most prominent 
vector in the United States4,30 known to 
transmit 5 pathogens to humans in the 
northeast; B. burgdorferi, A. phago-
cytophilum, B.microti, B.miyamotoi and 
Powassan virus.  With an increase in 
the geographical spread of I. scapularis, 
the number of human pathogens it can 
transmit, and the incidence of infections, 
tick-borne diseases are an important 
public health concern.  Measures can 
be taken to prevent tick bites such as 
avoiding tall grass, wooded areas with 
leaf covered grounds, and avoiding 
plants such as the Japanese Barberry, 
which trap humidity and create an at-
tractive breeding ground for I. scapu-
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laris.31  Wearing permethrin treated 
clothing and using insect repellent can 
decrease tick attachment as well.  After 
being outdoors, it is important to check 
clothing and pets, shower within two 
hours of coming indoors, and perform 
whole body tick checks.  Tumble drying 
clothes in a dryer at high temperatures 
for 10 minutes can kill any ticks at-
tached to clothing.  Early detection and 
appropriate treatment of any tick-borne 
infections are key.  If an infection is 
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Table 1. I.scapularis Pathogen Treatment9 

Pathogen Treatment (Adults) 
Treatment 
(Pediatrics) 

B. burgdorferi      
(LD) 

Doxycycline 100 mg PO BID 
for 10‐21 days* 

Amoxicillin 50 mg/kg/
day PO, divided into 3 
doses for 14‐21 days 

Cefuroxime 500 mg PO BID 
for 14‐21 days 

Doxycycline 4 mg/kg/
day PO, divided into 2 
doses for 10‐21 days* 

Amoxicillin 500 mg PO TID for 
14‐21 days 

Cefuroxime 30 mg/kg/
day PO, divided into 2 
doses for 14‐21 days 

B.micro  
(babesiosis) 

Atovaquone 750 mg PO BID 
for 7‐10 days                         

plus Azithromycin 500‐1000 
mg PO QD day 1, 250‐1000 

mg** PO QD 6‐9 days 

Anecdotal cases of 
babesiosis in children, 
including infants (> 5 
kg), have been safely 
treated with azithro‐

mycin plus ato‐
vaquone.38  

Clindamycin*** 300‐600 mg 
IV Q6h or 600 mg PO Q8h       
plus Quinine*** 650 mg PO 

Q6‐8h for 7‐10 days 

A. phagocytophilum 
(anaplasmosis) 

Doxycycline 100 mg BID (PO 
or IV) for 10‐14 days 

Doxycycline 2.2 mg/kg 
per dose BID (PO or IV) 

for 10‐14 days 

B.miyamotoi 
(relapsing fever) 

Recommended treatment 
with anƟbioƟcs and doses 

used for LD 

Recommended treat‐
ment with anƟbioƟcs 
and doses used for LD 

Powassan Virus 
(POWV) 

SupporƟve care  SupporƟve care 

*Recent publicaƟons suggest the efficacy of shorter courses of treatment for early Lyme disease                            
**Upper end of dose used for immunocompromised paƟents                                                                                                  
*** The standard of care for paƟents with severe babesiosis (e.g., with parasitemia levels ≥10% and/or organ‐system 
dysfuncƟon) is quinine plus clindamycin; typically, the clindamycin is administered intravenously. Such paƟents also 
might require or benefit from exchange transfusions, vasopressor therapy, mechanical venƟlaƟon, or dialysis.             
PO=by mouth, QD=once a day, BID=twice a day, TID=three Ɵmes a day, IV=intravenous                   
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suspected, health care professionals 
should consider testing patients for all tick-
borne pathogens, especially if there is un-
certainty as to what it is causing the pa-
tients symptoms, symptoms appear severe, 
or the patient is non-responsive to tradition-
al therapy. Testing for all pathogens might 
help to increase awareness of the overall 
prevalence of underreported diseases and 
decrease the severity of pathogen coinfec-
tion cases. 


