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Anaplasmosis is an emerging tickborne zoono-
sis that has substantially increased in incidence 

during the past 2 decades. That rise is attributed to 
improved diagnostic testing, heightened clinician 
awareness, and climate-related factors, mirroring 
trends observed with other vectorborne diseases that 
depend on vector survival for transmission (1–6). An-
aplasmosis exhibits a wide spectrum of clinical mani-
festations, and common symptoms include fever, 
chills, rigors, headache, malaise, and myalgia. Labo-
ratory abnormalities frequently include leukopenia, 
thrombocytopenia, and elevated transaminases (1–6). 
Patients with altered mental status, immunosuppres-
sion, advanced age, or multiple underlying condi-
tions are at increased risk for hospitalization (1,5).

Although rare, neurologic manifestations of ana-
plasmosis can include encephalitis, meningitis, me-
ningoencephalitis, focal paralysis, and stroke (6–10). 
Case reports describing patients with central nervous 
system (CNS) symptoms document variable cerebro-
spinal fluid (CSF) findings. In some instances, CSF 
profiles are within reference ranges, whereas other 
cases demonstrate variable pleocytosis, proteinora-
chia, or glycorrhachia (8–16).

Most data describing CSF profiles in CNS ana-
plasmosis have been limited to individual case reports 

(8–16), and retrospective studies or case series have 
not systematically evaluated CSF findings in patients 
primarily exhibiting CNS manifestations. Thus, we 
sought to characterize the CSF findings of patients 
hospitalized with anaplasmosis who exhibited pre-
dominantly CNS symptoms and underwent lumbar 
puncture (LP) and CSF analysis in an anaplasmosis hy-
perendemic region in Minnesota and Wisconsin, USA.

Methods
We conducted a retrospective chart review of adult 
patients with diagnosed Anaplasma phagocytophilum 
infection (International Classification of Diseases, 9th 
Revision, codes A77.49 or A79.82) who were admit-
ted to Mayo Clinic Rochester or Mayo Clinic Health 
System sites in Minnesota and Wisconsin during No-
vember 1, 2014–November 29, 2024. The study was 
approved by the Mayo Clinic Institutional Review 
Board (approval no. 18-007901).

We manually reviewed a total of 101 patient 
charts. We included patients >18 years of age if they 
had a positive A. phagocytophilum PCR performed on 
EDTA-anticoagulated whole blood and predomi-
nantly had CNS symptoms when care was sought 
that prompted LP and CSF analysis.

We performed molecular detection by using the 
automated MagNA Pure 96 system (Roche Diagnostics, 
https://www.roche.com) for DNA extraction, followed 
by amplification of a conserved region of the groEL heat 
shock protein operon gene. We identified organisms via 
melting curve analysis by using the LightCycler 480 In-
strument II (Roche Diagnostics). That assay uses fluo-
rescence resonance energy transfer probes to detect and 
differentiate A. phagocytophilum, Ehrlichia chaffeensis, E. 
muris eauclairensis, and E. ewingii/canis (1).

All patients underwent standard CSF testing in-
cluding a meningitis/encephalitis panel per institu-
tional protocol. We defined CNS symptoms as severe 
headache, confusion or altered mental status, central 
focal neurologic deficits, or signs of meningitis (in-
cluding neck stiffness, photophobia, or positive men-
ingeal signs).

Results
Of 101 hospitalized patients with anaplasmosis diag-
noses, 10 (10%) met inclusion criteria. Among those, 

Author affiliations: Mayo Clinic College of Medicine and  
Science, Rochester, Minnesota, USA (I. Dumic, C.W. Nordstrom, 
T. Gavrancic, M. Paulson, C. Madrid, W. Bosch); Mayo Clinic 
Health System, Eau Claire, Wisconsin, USA (I. Dumic, C.W. 
Nordstrom, M. Paulson, C. Madrid); Medical College of  
Wisconsin–Central Wisconsin, Wausau, Wisconsin, USA  

(M. Schulz, J. Fox); Mayo Clinic, Rochester (S.B. Dugani); Uni-
versity of Minnesota Twin Cities, Minneapolis, Minnesota, USA  
(R.J. Cosiquien); Mayo Clinic, Jacksonville, Florida, USA  
(T. Gavrancic, W. Bosch)

DOI: https://doi.org/10.3201/eid3206.260240

CSF Findings among Patients with Anaplasmosis

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 6, June 2026	 845

Anaplasmosis, an emerging tickborne zoonosis, infre-
quently involves the central nervous system, and cerebro-
spinal fluid (CSF) profiles of anaplasmosis remain poorly 
characterized. We conducted a multisite retrospective 
study of patients hospitalized with anaplasmosis during 
November 1, 2014–November 29, 2024, in Minnesota and 
Wisconsin, USA, a hyperendemic region. Included patients 
had anaplasmosis confirmed by PCR on blood samples, 
exhibited neurologic symptoms, and had lumbar puncture 
procedures. Ten hospitalized patients met inclusion crite-
ria, 6 with meningitis, 3 with meningoencephalitis, and 1 
with encephalitis. CSF findings were within reference rang-
es for 5 patients; 4 patients demonstrated mild lymphocytic 
pleocytosis, but glucose and protein levels were within ref-
erence ranges. One patient underwent a traumatic lumbar 
puncture resulting in neutrophilic pleocytosis. CSF abnor-
malities did not correlate with neurologic severity, suggest-
ing a cytokine-mediated process rather than direct central 
nervous system infection. All patients rapidly improved with 
doxycycline, highlighting the need for early recognition and 
empiric therapy for anaplasmosis.
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2 patients were immunocompromised and 4 required 
intensive care unit (ICU) admission. Six patients had 
clinical features consistent with meningitis, 3 with me-
ningoencephalitis, and 1 with encephalitis (Table 1). 
All 10 patients underwent extensive infectious evalu-
ation for alternative bacterial, viral, endemic fungal, 
and tickborne etiologies (Appendix Table, https://
wwwnc.cdc.gov/EID/article/32/6/26-0240-App1.
pdf), including testing for other Ixodes scapularis tick–
transmitted pathogens. All of those results were nega-
tive, thereby excluding co-infection. 

In all cases, LP was performed before initiation of 
doxycycline therapy. Five (50%) patient samples demon-
strated pleocytosis, and the other 5 had CSF cell counts 
within reference ranges. Of the 5 patients with pleocyto-
sis, 4 had mild lymphocytic pleocytosis (5–50 cells/μL 
[reference range 0–5 cells/μL]) and 1 had neutrophilic 
pleocytosis attributable to traumatic LP. CSF protein 
and glucose levels were within reference ranges in all 
patients except for patient 8, who had a traumatic LP.

Patient 1
A 75-year-old immunocompetent man was admitted 
with fever, headache, photophobia, chills, left-sided 
hemiparesis, and urinary retention. Laboratory eval-
uation revealed leukopenia, thrombocytopenia, and 
hyponatremia. Brain magnetic resonance imaging 
showed no evidence of acute infarction. After LP, em-
piric intravenous doxycycline was initiated, and com-
plete neurologic and systemic improvement occurred 
within 72 hours. After 3 days, he was discharged to 
home to complete a 4-week course of doxycycline.

Patient 2
A 65-year-old immunocompetent woman was ad-
mitted with severe neck and facial pain localized to 

the frontal and maxillary sinuses, with suspected in-
volvement of the bilateral V1 (ophthalmic division) 
and V2 (maxillary division) dermatomes. Associated 
signs and symptoms included headache, photopho-
bia, blurred vision, fever (temperature 103°F), nau-
sea, and vomiting. Symptoms began ≈2 weeks after 
sustaining a tick bite. Initial outpatient treatment 
with amoxicillin/clavulanate for presumed sinusitis 
was ineffective, and at admission she was febrile, 
tachycardic, and hypotensive, meeting sepsis crite-
ria and requiring ICU admission. After LP and CSF 
collection, empiric broad-spectrum antimicrobial 
therapy, including doxycycline, was initiated. Clini-
cal improvement occurred within 48 hours, and she 
achieved complete recovery after 2 weeks of therapy.

Patient 3
A 74-year-old immunocompetent woman was admit-
ted for a 1-week history of intermittent headaches, 
photophobia, and abnormal involuntary movements 
characterized by akathisia and choreiform activity. 
On the day of admission, fever and chills developed. 
Laboratory evaluation revealed mild hyponatremia 
with an unremarkable complete blood count. After 
LP, empiric therapy with doxycycline and ceftriaxone 
was initiated. She demonstrated marked clinical im-
provement after the second dose and was discharged 
to complete a 10-day course of doxycycline. She re-
ported residual fatigue and cognitive slowing for ≈3 
months but ultimately achieved full recovery.

Patient 4
A 57-year-old immunosuppressed man with ulcer-
ative colitis receiving prednisone therapy (20 mg/d) 
was admitted with 4 days of myalgias, arthralgias, 
chills, sweats, and fever, followed by onset of left  

 
Table 1. Characteristics and cerebrospinal fluid findings among patients with anaplasmosis and central nervous system involvement, 
Minnesota and Wisconsin, USA* 

Patient 
no. 

Age, 
y/sex 

Immune 
status 

Neurologic 
manifestation Sepsis  

ICU 
admission 

Cerebrospinal fluid results 

Color 
Leukocyte 

count† Leukocyte type (%) 
Protein, 
mg/dL‡ 

Glucose, 
mg/dL§ 

1 75/M IC Left hemiparesis, 
meningitis 

N  N Clear 5 Lymphocyte (40) 48 56 

2 65/F IC Meningitis Y Y Clear 1 Lymphocyte (78) 33 81 
3 74/F IC Meningitis, akathisia N N Clear 1 Lymphocyte (83) 33 67 
4 57/M IS Meningitis N N Clear 0 NA 31 61 
5 57/M IS Meningitis Y Y Clear 50 Lymphocyte (78) 40 58 
6 67/F IC Meningitis N N Clear 1 Lymphocyte (72) 34 66 
7 60/M IC Meningoencephalitis N N Clear 15 Lymphocyte (43); 

neutrophils (30) 
27 53 

8 60/F IC Meningoencephalitis Y Y Bloody 198 Neutrophils (71) 18 60 
9 70/F IC Meningoencephalitis N N Clear 1 Lymphocyte (72) 33 80 
10 70/M IC Encephalitis Y Y Clear 10 Lymphocyte (50) 189 43 
*IC, immunocompetent; ICU, intensive care unit; IS, immunosuppressed; NA, not applicable. 
†Reference range 0. 
‡Reference range <50 mg/dL.   
§Reference range 36–101 mg/dL. 
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parietal headache. Physical examination revealed nu-
chal rigidity with a negative Brudzinski sign. Labora-
tory studies demonstrated neutropenia, thrombocyto-
penia, transaminitis, and elevated C-reactive protein. 
After CSF collection, intravenous doxycycline was 
initiated, resulting in complete symptom resolution 
within 2 days. He was discharged home to complete 
a 2-week course of doxycycline therapy.

Patient 5
A 57-year-old immunosuppressed man with primary 
sclerosing cholangitis and gallbladder carcinoma un-
dergoing chemotherapy was admitted with a 9-day 
history of headache exacerbated by light and unre-
sponsive to over-the-counter analgesics. Associated 
symptoms included nausea, vomiting, photophobia, 
fever, chills, and neck stiffness. Head CT demonstrated 
no acute abnormalities. On examination, he was febrile 
and tachycardic, with positive Kernig and Brudzinski 
signs. He met sepsis criteria and required ICU admis-
sion. After LP and CSF collection, empiric broad-spec-
trum antimicrobial therapy, including doxycycline, 
was initiated. He defervesced within 48 hours of doxy-
cycline initiation and achieved complete recovery after 
a 2-week course of doxycycline therapy.

Patient 6
A 67-year-old woman was assessed for 1 day of fron-
tal headache and fever. Initial head CT was unre-
markable, and transient symptom improvement af-
ter treatment with droperidol and diphenhydramine 
prompted discharge. She returned the next day with 
worsening headache, photophobia, neck stiffness, 
and recurrent fever. Laboratory evaluation demon-
strated pancytopenia, hyponatremia, and elevated 
aminotransferases. She reported extensive outdoor 
exposure with multiple tick bites. LP was performed 
and empiric doxycycline and ceftriaxone therapy ini-
tiated. She demonstrated rapid clinical improvement 
within 48 hours and was discharged home to com-
plete a 10-day course of doxycycline.

Patient 7
A 60-year-old man had influenza-like illness develop 
several weeks after removing an engorged tick from 
his lower abdomen. Symptoms included fatigue, 
neck pain, headache, chills, and persistent fevers re-
fractory to over-the-counter medications. At admis-
sion, he was febrile, confused, and tachycardic. After 
LP, empiric doxycycline therapy was initiated. His 
symptoms improved within 24 hours and resolved 
completely by the end of a 2-week course of doxy-
cycline therapy.

Patient 8
A 60-year-old woman was assessed for a 1-week his-
tory of fever, severe diffuse headache radiating to the 
neck, photophobia, dizziness, and confusion. At ad-
mission, she was febrile and tachycardic, with pancy-
topenia, meeting sepsis criteria and requiring ICU ad-
mission. CSF analysis was consistent with a traumatic 
LP and demonstrated marked neutrophilic pleocyto-
sis, low protein, and glucose within reference levels. 
Empiric broad-spectrum antimicrobial therapy was 
initiated, including intravenous doxycycline (initial 
dose of 200 mg). She completed a 2-week course of 
doxycycline and had a full clinical recovery.

Patient 9
A 70-year-old woman was admitted with a 3-week 
history of rigors, shaking chills, diaphoresis, nausea, 
malaise, myalgias, and intermittent fevers after a tick 
bite. She subsequently had photophobia, neck stiff-
ness, headache, and progressive somnolence develop. 
CSF analysis showed clear fluid with no pleocytosis 
and protein and glycose levels within reference rang-
es. She improved within 48 hours of the start of intra-
venous doxycycline and achieved complete recovery 
by day 10.

Patient 10
A 70-year-old man with type 2 diabetes and hyper-
tension was assessed with acute-onset confusion and 
inability to engage in meaningful conversation. He 
reported a mild frontal headache without associated 
photophobia, phonophobia, nausea, vomiting, or neck 
stiffness. On examination he was febrile and tachy-
cardic. Laboratory studies demonstrated thrombocy-
topenia and leukopenia. CSF analysis demonstrated 
mild lymphocytic pleocytosis with proteinorachia 
and glucose within reference levels. He met sepsis 
criteria and required ICU admission. Despite empiric 
broad-spectrum antimicrobial therapy, fevers persist-
ed, and encephalopathy worsened. After initiation 
of intravenous doxycycline (initial dose 200 mg), he 
defervesced within 24 hours, and his encephalopa-
thy resolved within 72 hours. He completed a 3-week 
course of doxycycline therapy and recovered.

Discussion
Among the 10 patients described in this study, 6 had 
clinical features consistent with meningitis, 3 with 
meningoencephalitis, and 1 with encephalitis. No-
table neurologic findings included akathisia and left 
hemiparesis in 2 patients who also exhibited menin-
gitic symptoms. Two patients were immunocompro-
mised, and 4 required ICU admission. All patients 
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demonstrated clinical improvement within 24–72 
hours of initiating doxycycline therapy and achieved 
full recovery. Total duration of doxycycline therapy 
ranged from 10 to 28 days; most patients received 
10–14 days of doxycycline therapy.

CSF profiles were variable and differed substan-
tially from those typically observed in bacterial men-
ingitis or meningoencephalitis (Table 1). One patient 
with severe meningitic symptoms requiring ICU-
level care had CSF findings within reference ranges. 
Another patient experienced a traumatic LP resulting 
in neutrophilic pleocytosis and low protein levels. Be-
cause traumatic LP more commonly leads to elevated 
CSF protein concentrations, the low protein observed 
in this case was unexpected and might reflect labo-
ratory measurement variability without clear clini-
cal significance. In all remaining patients, mild lym-
phocytic pleocytosis was observed with protein and 
glucose levels within reference ranges. Total CSF cell 
counts generally were 0–50 cells/µL.

Those findings suggest that CNS symptom sever-
ity does not correlate with the degree of CSF pleocy-
tosis or inflammation. Neurologic manifestations of 
anaplasmosis therefore might be mediated by sys-
temic inflammatory responses rather than direct CNS 
invasion. Although human data are lacking, a canine 
study of meningoencephalomyelitis with concurrent 
anaplasmosis failed to detect pathogen nucleic acid 
in brain tissue or CSF, supporting the hypothesis that 
direct CNS invasion is unlikely (17). That interpreta-
tion is further supported by the limited penetration 
of doxycycline across the blood–brain barrier, sug-
gesting that clinical improvement likely results from 
attenuation of systemic and neuroinflammatory pro-
cesses rather than direct antimicrobial activity within 
the CNS. Doxycycline penetrates the blood–brain 
barrier at ≈15%–30% of serum levels. However, CNS 
penetration increases when inflammation is present. 
Penetration might be higher in cases of Anaplasma 
meningitis (18), but the rapid symptomatic improve-
ment noted after doxycycline administration suggests 
that the primary benefit of the drug likely stems from 
attenuation of systemic processes rather than direct 
CNS activity. 

The hyperinflammatory potential of anaplasmo-
sis is further evidenced by its association with sec-
ondary hemophagocytic lymphohistiocytosis and 
markedly elevated serum ferritin levels during acute 
infection (19). In our study, 2 patients with sepsis 
who required ICU admission and in whom anaplas-
mosis was suspected at admission received an initial 
200-mg intravenous dose of doxycycline to increase 
CNS concentrations because of its limited penetration 

across the blood–brain barrier. However, that practice 
is not recommended by current guidelines (20), and 
whether it provides clinical benefit remains unclear. 
Patient 1 initially had stroke-like symptoms, includ-
ing hemiparesis and urinary retention, in addition to 
symptoms of meningitis. Although neuroimaging in 
this patient was unrevealing and symptoms resolved 
with doxycycline therapy, anaplasmosis-associated 
stroke has been reported in other cases and is thought 
to result from endothelial injury (8,15,21,22).

As observed previously, our findings suggest 
that CNS manifestations of anaplasmosis are com-
mon but seldom reported (7). Although encephalitis 
has been described as a relatively frequent CNS mani-
festation (23), many reported cases lacked CSF evalu-
ation, raising the possibility of encephalopathy rather 
than true encephalitis. As of April 2025, only 1 prior 
case from our institution had documented encephali-
tis supported by CSF findings with rapid response to 
doxycycline therapy (13). Further studies are needed 
to elucidate the pathophysiologic mechanisms under-
lying CNS involvement in anaplasmosis.

Diagnosis of anaplasmosis relies on clinical eval-
uation within an appropriate epidemiologic context. 
Most patients exhibit fever, pancytopenia (particu-
larly thrombocytopenia), elevated transaminases, 
and gastrointestinal symptoms (5). In endemic re-
gions, recognition of that clinical constellation often 
prompts empiric doxycycline therapy, resulting in 
rapid symptom resolution. In all our cohort patients, 
CNS symptoms improved within 24–72 hours of ini-
tiating doxycycline. We hypothesize that many pa-
tients improve before LP can be performed, which 
might explain the relatively low frequency of CSF 
evaluation in anaplasmosis.

Although bacterial culture remains the most 
sensitive diagnostic modality for anaplasmosis (24), 
routine clinical use is impractical because special-
ized cell culture systems are needed and the incuba-
tion period can be up to 4 weeks (24). Consequently, 
blood-based molecular diagnostic tests commonly 
are used (25). Serologic testing is frequently nega-
tive early in the course of disease and cannot reliably 
exclude acute infection (24,25). We identified only 1 
reported case in which Anaplasma spp. nucleic acid 
was detected in CSF (26).

Approximately 30% of patients with anaplasmosis 
require hospitalization with encephalopathy identi-
fied as a risk factor (1). In our cohort, 4 patients with 
CNS symptoms required ICU admission; however, all 
were clinically stable for transfer to a general medical 
ward within 48 hours, and only 1 required vasopres-
sor support. ICU admission remains uncommon in 
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anaplasmosis, as demonstrated in a multicenter study 
in France (27). The higher ICU admission rate in our 
cohort might reflect recognition that anaplasmosis in 
Europe is generally a milder disease than in the United 
States (28). Genetic differences between Anaplasma spp. 
from North America and Europe might partially ex-
plain those clinical variations (28). Differences in strain 
pathogenicity, reporting practices, and underdiagno-
sis also might contribute to the observed disparity (28).

Our literature search identified 9 reported cases 
of anaplasmosis with CNS manifestations in which 
patients underwent LP and CSF examination (Table 
2). Four of those patients had clinical signs and symp-
toms of encephalitis, 2 of meningoencephalitis, and 
1 of meningitis. The other 2 patients who underwent 
LP had headache and CSF findings within reference 
ranges; they ultimately had trigeminal neuralgia and 
stroke diagnosed in addition to anaplasmosis. One 
patient with encephalitis also had concomitant isch-
emic stroke. Other rare neurologic manifestations, 
including opsoclonus-myoclonus-ataxia syndrome 
and hypometric saccades, have been described (12). 
Most (7/9) of the patients had CSF protein and glu-
cose levels within reference ranges, and all 9 reported 
case-patients demonstrated lymphocytic pleocytosis, 
except for 1 patient with meningoencephalitis who 
had an equal percentage of neutrophils and lympho-
cytes in the CSF (Table 2). Although not routinely 
performed, metagenomic next-generation sequenc-
ing can detect Anaplasma spp. bacteria in CSF in select 
cases of meningitis or encephalitis (26,29).

In conclusion, patients with anaplasmosis 
who develop meningitis, encephalitis, or menin-
goencephalitis typically demonstrate minimal CSF  

abnormalities, characterized by absent or mild pleocy-
tosis with protein and glucose levels within reference 
ranges. LP and CSF analysis might be of limited use for 
managing anaplasmosis-associated CNS symptoms 
and might be more valuable for excluding alternative 
infectious etiologies that can also cause neurologic 
symptoms after a tick bite, particularly neuroborrelio-
sis, ehrlichiosis, and Powassan virus infection.
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