Development of a Laboratory Stewardship Algorithm for
Anaplasma phagocytophilum Polymerase Chain Reaction Testing
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Phase 1 Retrospective Analysis, Continued

Background

Phase 2 Prospective Mock Stewardship

In Phase 1, there were three PCR-positive patients whose counts were above the WBC threshold of

Human granulocytic anaplasmosis (HGA) is an emerging tickborne infection

11,000 cells/µL and/or PLT threshold of 300,000 cells/µL.

caused by the bacterium Anaplasma phagocytophilum. Symptoms include

Methods
Mock stewardship was performed over a six-month period. Daily reports of the WBC and PLT counts

fever, headache, and myalgias, and typical laboratory findings include

• Patient 1 had a history of chronic lymphocytic leukemia (CLL) and an elevated WBC count of 33,430

associated with each Anaplasma PCR test were reviewed by microbiology leadership. If a CBC was

leukopenia and thrombocytopenia. Polymerase chain reaction (PCR) is the

cells/µL at the time of diagnosis (Figure 2). Closer analysis revealed the patient developed a

not obtained by the ordering clinician, an offline CBC was performed on the sample collected for

preferred method for the diagnosis of acute infection, with a sensitivity and

relative leukopenia and thrombocytopenia during his Anaplasma infection, which resolved with

Anaplasma PCR testing. PCR testing was “accepted” if the rejection criteria were not met. If the

specificity nearing 100%. At our institution, Anaplasma PCR is over-utilized

treatment. These findings illustrate the organism’s effect on these cell lines and provide further

sample met laboratory criteria for “rejection”, a committee comprised of infectious diseases

support for the use of these laboratory parameters as potential markers of Anaplasma infection.

specialists, microbiologists, and pathologists reviewed to determine if approval should be granted

with only a 3-4% positivity rate. To improve this, a phase 1 retrospective
analysis was performed to determine if common complete blood count (CBC)
laboratory parameters could exclude Anaplasma infection. A screening

Transmission electron
microscopy of an HL-60 cell
infected with Anaplasma
phagocytophilum. (Image
courtesy of the CDC.)

algorithm was then created and prospectively evaluated during phase 2 of the
study through a mock stewardship protocol.

• Patient 2 had a history of type 1 diabetes mellitus and presented with refractory hyperglycemia and

based on clinical criteria. Approval was granted if the subject was critically ill requiring intensive care

confusion. He required an ICU-level of care due to a vasopressor requirement and was found to

level of support or had one of the following conditions resulting in a high degree of

have co-infection with Borrelia burgdorferi and Anaplasma phagocytophilum.

immunosuppression: solid organ transplantation; stem cell or bone marrow transplantation; leukemia;

• Patient 3 had a history of autoimmune hemolytic anemia and had undergone splenectomy in the

lymphoma; asplenia; or the use of high dose immunosuppressive therapy.

past. Both his WBC and PLT counts were slightly above the thresholds.

Results

Phase 1 Retrospective Analysis

663 Anaplasma PCR tests were analyzed over the 6-month period. Of those, 155 (23%) met CBC
rejection criteria and were reviewed by committee (Table 1). Of those, 110 (71%) tests were mock

Methods

refused and 45 (29%) were mock accepted based on clinical criteria.

Anaplasma PCR tests were included over a 3-year period (MGH IRB 2014P000623). Median CBC
values were calculated using R Studio and GraphPad Prism and the significance of differences between

No. (%)

PCR-positive and -negative cases was determined using the Mann-Whitney test. White blood cell
Anaplasma
PCR

(WBC) and platelet (PLT) cut-off values were calculated by a pragmatic receiver operating characteristic
space analysis to maximize sensitivity of a screening algorithm for the detection of Anaplasma infection.

Results

PLT counts than those with a negative result (Figure 1).

663

638 (96)

25 (4)

110 (17)

Negative tests
cancelled (excluding
clinical criteria)

Positive
tests
accepted

155 (23)

24 (96)

Table 1. Implementation of the laboratory stewardship algorithm in the Phase 2 study.

Of the 2165 available results, 81% had an associated CBC within two days of Anaplasma PCR
specimen collection. Patients with a positive Anaplasma PCR had significantly lower median WBC and

Total

Negative tests
Negative Positive cancelled (including
clinical criteria)

Figure 2. Effect of Anaplasma phagocytophilum infection on WBC and PLT counts in a patient
with CLL.

Of the 25 positive Anaplasma PCR tests during this time, only one (4%) met the CBC rejection
criteria and committee review resulted in mock refusal. On review, the patient was completing

Combining the most robust laboratory criteria of a WBC above 11 K/µL and PLT count above 300 K/µL

treatment with doxycycline (treatment for Anaplasmosis) and had resolution of her symptoms,

provided refusal criteria with 100% sensitivity and 25% specificity after excluding clinically unstable or

indicating limited utility of testing. None of the 45 samples that were mock accepted by clinical criteria

immunocompromised patients (Figure 3).

was positive by PCR, demonstrating no additional benefit of chart review.

Anaplasma PCR
request

Conclusion and Next Steps

WBC ≥11 K/µL and
PLT ≥300 K/µL*
No

Median WBC count:
6.54 K/µL for PCR-negative
4.91 K/µL for PCR-positive

Median PLT count:
198 K/µL for PCR-negative
91 K/µL for PCR-positive

Median HCT:
38.4% for PCR-negative
40.5% for PCR-positive

Figure 1. Differences in CBC laboratory values in patients with positive versus negative
Anaplasma PCR test results. The shaded area represents the normal range, and the dotted horizontal
line represents the threshold criteria. The open circles represent three immunocompromised or critically
ill patients who tested positive for Anaplasma phagocytophilum but had lab values above the thresholds.
P values were determined with the Mann-Whitney test.

Approve
testing

A CBC-based stewardship algorithm (WBC ≥11 K/µL and PLT ≥300 K/µL) can be used to improve
Anaplasma PCR utilization by reducing unnecessary Anaplasma PCR testing by 23%. An upcoming

Yes

Phase 3 study will implement the Anaplasma PCR stewardship algorithm using these criteria.

Review by committee:
clinically unstable or
immunocompromised?
No
Testing not
recommended

Yes
Approve
testing

* Measured within the last 2 days

Figure 3. Laboratory stewardship algorithm for Anaplasma PCR testing.
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