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Disclosure

• The content provided in this webinar is presented by the individual speakers only and does not 

represent of reflect the official policy or position of any portion of the United States Government.

• The content is not meant to be a substitute for medical professional advice, diagnosis, or treatment. 

The information herein should be adapted to each specific patient based on the treating medical 

professional’s independent professional judgment and consideration of the patient’s needs, the 

resources available at the location from where the medical professional services are being provided 

(e.g., healthcare institution, ambulatory clinic, physician’s office, etc.), and any other unique 

circumstances. This information should not be used to replace, substitute for, or overrule a qualified 

medical professional’s judgment.

Center for Disaster Medicine – Region 1 Disaster Health Response System and Regional Emerging Special Pathogens Treatment Center
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Moderators & Speakers

Moderator:
Jacob Lazarus, MD, PhD
Assistant Physician, Massachusetts General Hospital
Instructor in Medicine, Harvard Medical School

Speakers:
Johanna P. Daily, MD
Professor of Medicine Microbiology and Immunology
Albert Einstein College of Medicine

Sarah Turbett, MD
Assistant Professor
Pathology and Medicine
Harvard Medical School

Center for Disaster Medicine – Region 1 Disaster Health Response System and Regional Emerging Special Pathogens Treatment Center
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Learning Objectives

1. Identify the clinical presentation of and epidemiologic risk factors for malaria infection

2. Understand the diagnostic tools available to diagnose malaria and best practices for 

implementation

3. Recognize severe malaria and understand the treatment guidelines for severe disease 

4. Describe malaria in non-travelers (locally transmitted malaria) 

Center for Disaster Medicine – Region 1 Disaster Health Response System and Regional Emerging Special Pathogens Treatment Center
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Case 1

A 44-year-old female presents with fatigue, chills, anorexia, and subjective 
fevers for 4 to 5 days

Born in Guinea and migrated to U.S. 10 years ago
She traveled to Guinea for one month

• Presents 5 days after return to the U.S.

She denies taking any prophylaxis for malaria



8

Exam and laboratory values

Physical Exam
BP 131/77  HR 123  37.3°C  RR 20   02 sat  99% RA
Non focal exam

Test Result Normal range

Creatinine 1.2 mg/dL 0.5-0.9 mg/dL

WBC 11.0 x 103/ul 4-10.8 x 103/ul

HCT 29 % 37-47%

Platelets 24 x 103/ul 150-450 x103/ul

Rings seen on blood smear
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Likely diagnosis?
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How is malaria diagnosed?

Malaria is a MEDICAL EMERGENCY

Clinical suspicion is key:
• Symptoms can be nonspecific
• Fever in a returning traveler should raise suspicion

‒ Obtain a travel history with emphasis on region of travel
‒ Obtain time elapsed between travel and return to U.S.
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JAMA. 2022;328(5):460-471. doi:10.1001/jama.2022.12366 

90% of infections are acquired in sub-Saharan Africa
>95% of travelers will have infection within 1-month of return

70% of infections are acquired in Asia/Latin America
60% of travelers will have infection within 1-month of return
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How is malaria diagnosed?

Laboratory methods:
• Blood smear microscopy
• Rapid Malaria Antigen Detection
• Nucleic Acid Detection
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Blood smear microscopy

• Direct visualization of blood parasites in blood smear

• Plasmodium spp. (RBC’s)

• Babesia spp.  (RBC’s)*

• Trypanosoma spp. (outside of RBC’s)

• Some filaria (outside of RBC’s)

• Leishmania (monocytes)

* Cases predominantly seen in the northeastern and midwestern U.S.
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Blood smear microscopy

https://phil.cdc.gov/Details.aspx?pid=5905

Thick smear

• 1-2 drops of lysed blood
• Air dried (no methanol or heat)
• Giemsa stain

• Advantages:
• Highly sensitive
• Detects multiple parasite stages

• Limitations:
• Suboptimal detection of parasite morphology
• Suboptimal quantification of parasitemia
• Interpretation requires expertise

https://phil.cdc.gov/Details.aspx?pid=5905
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Blood smear microscopy

https://phil.cdc.gov/Details.aspx?pid=5905
.

Thin smear

• 1 drop of blood w/feathered edge
• Air dried 
• Methanol fixation
• Giemsa stain

• Advantages:
• Sensitive
• Determine (most) parasite species 
• Quantify parasitemia

• Limitations:
• Not as sensitive as thick smear
• Interpretation requires expertise

https://phil.cdc.gov/Details.aspx?pid=5905
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Blood smear microscopy: species 
identification

Carroll et al. Manual of Clinical Microbiology, 13th ed. 2023. ASM Press.

Challenges:
• Low level parasitemia
• Organisms with similar 

morphology
• P. vivax vs. P. ovale vs. Babesia

• Mixed infection
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Blood smear microscopy

Carroll et al. Manual of Clinical Microbiology, 13th ed. 2023. ASM Press.

Best Uses:
• Routine screening (thick smear)

• Determine infecting species (thin smear)

• Determination of degree of infection (thin smear)

• Monitor response to treatment (thin smear)
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How is malaria diagnosed?

Laboratory methods:
• Blood smear microscopy
• Rapid Malaria Antigen Detection
• Nucleic Acid Detection
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Rapid Malaria antigen 
testing

T1: HRPII 

▪ Specific for Plasmodium falciparum

▪ Highly sensitive (~0.02% parasitemia)

T2: Aldolase 

▪ Detects any Plasmodium spp. (pan malarial antigen)

▪ Slightly less sensitive (~0.1% parasitemia)

Only 1 FDA approved rapid malaria antigen test: BinaxNow Malaria

https://www.globalpointofcare.abbott/us/en/product-details/binaxnow-malaria.html
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% Sensitivity
95% confidence 

interval % Sensitivity
95% confidence 

interval

Detection of parasitemia level (per µl)

>5,000  (> 0.1%) 99.7 98-100 93.5 91-96

1,000-5,000  (0.02 – 0.1%) 99.2 96-100 81.0 76-85

500-1,000  (0.01 – 0.02%) 92.6 76-99 47.4 36-59

100-500 (0.002 – 0.01%) 89.2 75-97 23.6 17-31

0-100 (0 – 0.002%) 53.9 37-70 6.2 3-12

Overall 95.3 93-97 68.9 66-72

Specificity 94.2 93-95 99.8 99-100

Performance characteristics of BinaxNOW 
Malaria Assay

P falciparum P vivax

*Thick smear can detect parasite densities as low as 5-10 parasites per µl of blood (0.0001 – 0.0002%)

Adapted from Murray et al. Clin Micro Reviews 2008; 21 (1): 97-108.
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Rapid Malaria antigen testing: BinaxNow 
Malaria

Advantages Limitations

Rapid and easy to perform Lower sensitivity at lower parasitemia levels

Requires less expertise for interpretation Lower sensitivity for non-P. falciparum infections

Good sensitivity for P. falciparum False positive results can occur

Relatively inexpensive False negative results reported with HRP2 deletion strains

Can help differentiate P. falciparum from 
Babesia spp. 

Can detect residual, nonviable antigen

Provide some idea about mixed infection Will not detect other blood parasites or differentiate 
among non-falciparum species

Does not replace blood smear microscopy

Carroll et al. Manual of Clinical Microbiology, 13th ed. 2023. ASM Press.



24

Rapid Malaria antigen testing: BinaxNow 
Malaria

Best Uses:

• Rapid diagnosis:
• Overnight when trained microscopists are not available

• Aid in diagnosis in laboratories without expertise in interpreting blood microscopy

• Aid in the diagnosis when smear cannot safely be performed



25

How is malaria diagnosed?

Laboratory methods:
• Blood smear microscopy
• Rapid Malaria Antigen Detection
• Nucleic Acid Detection
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Nucleic acid detection

Direct detection of Plasmodium spp. DNA

Often targets the 18srRNA gene
• Allows for species identification and 

differentiation through melting curve 
analysis

Performed on whole blood specimens

Highly sensitive and specific

Assays do not have FDA clearance
• Only available at reference laboratories

Am. J. Trop. Med. Hyg., 73(5), 2005, pp. 850–854
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Nucleic acid detection

Advantages Limitations

Objective and reproducible results No commercially available FDA cleared assay

More sensitive than blood smear microscopy Prolonged turnaround time (days)

Highly specific-allows for species determination Can detect residual, nonviable DNA

Improved detection of mixed infections Will not detect other blood parasites (Babesia, 
Trypanosoma)

Does not replace blood smear microscopy

Higher cost compared to other methods

Best Uses:
• Confirmation of suspected infection
• Species identification

• Mixed infection
• Low parasitemia

Carroll et al. Manual of Clinical Microbiology, 13th ed. 2023. ASM Press.
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Malaria diagnostics 

Frequently asked questions
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If making blood smears, how many? 
Should I make both thick and thin smears?

Ideally, both thick and thin smears should made
• Thick: Most sensitive screening method
• Thin: 

‒ Identify species 
‒ Determine degree of infection 

▪ % parasitemia should be reported

Standard preparation: 2 thick smears, 2 thin smears
• If thin smear positive, no need to read thick smears
• If thin smears are negative, review thick smear
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How many negative smears are needed to “rule out” 
malaria?
In general: 

• If 3 smears collected at 12-hour intervals are negative, another diagnosis should be considered.

JAMA. 2022;328(5):460-471. doi:10.1001/jama.2022.12366 
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Can I use a rapid malaria antigen test to “rule out” 
malaria? 
No
Due to its reduced sensitivity compared to blood smear microscopy, all negative antigen tests must be 
confirmed by microscopy
Serial antigen tests 6-12 hours apart can be performed while microscopy results are pending if clinical 
suspicion persists



32

Can you differentiate Babesia infection from malaria 
using blood smear microscopy?

Answer: Most of the time

Babesia spp.

• Only ring forms seen
• Extracellular rings more common
• Intraerythrocytic tetrads pathognomonic
• Rings with pleomorphic size and shape

• Travel history helpful

Jorgensen et al. Manual of Clinical Microbiology, 11th ed. 2015. ASM Press.
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My micro lab cannot make a smear overnight-can I 
use the hematology smear for review?
Yes, if rapid results are needed
Hematology smears: Wright (Wright-Giemsa) stain

• Some microscopic features will be lost
‒ Lose some differentiating ability
‒ Should be adequate to determine presence of parasites and rough parasite estimate

Giemsa-stained smear should be performed for confirmation when able
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Blood microscopy is not available overnight-what 
other tests can be performed?

Laboratory could perform a rapid malaria antigen test
Not perfect but can be life saving
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Should blood smears be used to monitor response to 
treatment?
Yes
Blood smears should be performed every 12-24 hours to monitor response to treatment

• Also helps determine duration of treatment or transition to oral therapy in severe cases
Documentation of a negative smear at end of treatment recommended
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Should rapid malaria antigens be used to monitor 
response to treatment?
No
Antigen tests are not quantitative and do not correlate well with degree of parasitemia
Antigen can persist after successful treatment
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Her RDT + P.f. and + 2nd species

Positive for P. falciparum  (P.f)

Positive for P. vivax (P.v), P. ovale (P.o) 
or P. malariae  (P.m)

Positive for P.f  AND P. vivax (P.v), P. 
ovale (P.o) or P. malariae  (P.m)

Negative for malaria antigen
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Malaria Surveillance - United States, 2018 

N=1,823 cases (77% VFR)
  

   1 from bone marrow
   1 cryptic
   251 severe (7 deaths)
 

   70% P. falciparum
   95% no chemoprophylaxis
  
   85% acquired in Africa

Mace et al MMWR 2022 71(8);1-29
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Daily JP.,et al. Review: Diagnosis, Treatment, and Prevention of Malaria in the US JAMA 2022

Vaccines: target the 
“Bottleneck”
• pre-erythrocytic 

stage

Malaria life cycle

Clinical 
symptoms
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Always review severe disease criteria

WHO Guidelines for Treatment of Malaria

creatinine >3 mg/dL

hgb < 7g/dL

≥ 5%

glucose <40 mg/dL
plasma bicarbonate <15 mEq/L

<92% on room air with a
respiratory rate 
>30/min
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Treatment for P.f.

artemisinin combination therapy (ACT)
• Artemether Lumefantrine  (2 tabs po BID)
• Malarone can be used (atovaquone-proguanil)
• Quinine is not available
• NOT Chloroquine (most P.f. is Resistant)

If second species is P. vivax or P. ovale will need to treat hypnozoite stage
‒ In New York the NYS Public Health Dept automatically provides species by PCR analysis

AL
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Overnight her blood pressure decreases to 70/50

Unable to take PO
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Overnight her blood pressure decreases to 70/50

Unable to take PO

Patients can deteriorate on therapy, continue close 
observation to identify development of severe disease
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Artesunate: Drug of choice for severe malaria, 
• Quinidine is no longer available.

Some hospitals are sharing ART stocks
• 30K for 3 days 
• Consignment program available

CDC will supply it if you cannot get it within 24 hours
 --treat with ACT oral awaiting ART
 Follow for post artesunate hemolysis
 

Artesunate commercially available
Consider stocking 

in pharmacy

update
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She recovers and is confirmed to have P. ovale co-infection

She completes full po AL course after IV ART

How will you manage her?
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Standard anti-malarials do not kill hypnozoites

Gametocytes

Sporozoite

Asexual stage

• Chloroquine
• Artemisinin combination 

therapy (ACT)ie AL
• Quinine
• Atovaquone-proguanil

Liver Stage
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8 aminoquinolines kill hypnozoites

Gametocytes

Sporozoite

Asexual stage

• Chloroquine
• Artemisinin combination 

therapy (ACT)
• Quinine
• Atovaquone-proguanil

Liver Stage

8-aminoquinolines
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PRIMAQUINE          TAFENOQUINE

FDA approved 1952

Indications • Radical cure
• Gametocytes
• Prophylaxis

Contraindicated • G6PD deficiency
• Children
• Pregnancy/lactation

Dosing QD x 2 weeks

8-aminoquinolines
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PRIMAQUINE          TAFENOQUINE

FDA approved 1952 2018

Indications • Radical cure
• Gametocytes
• Prophylaxis

same

Contraindicated • G6PD deficiency
• children
• Pregnancy/lactating

same

Dosing QD x 2 weeks Single Dose

8-aminoquinolines
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The patient recovers completely, was treated with IV 
artesunate, the drug of choice for severe malaria of any 
type.

Completed a course of CQ, then Tafenoquine (SD) or 
Primaquine (2 wks) for radical cure

• Was G6PD normal
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P. vivax causes severe disease

Increasingly recognized
Evidence for large biomass of intact asexual stage parasites in spleen of asymptomatic 
patients

2021 2022

Pre-erythrocytic erythrocytic
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CDC  https://www.cdc.gov/malaria/travelers/country_table/i.html

Review itinerary: malaria transmission and drug 
sensitivity status
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Malaria prophylaxis

Chen V et al.  Current Opinion Infect Dis 2019 32:407-412
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P vivax endemic regions-tafenoquine is ideal

For adults, if not G6PD deficient, pregnant, breastfeeding or hx of 
psychiatric illness
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Tafenoquine: Two formulations with two 
indications

Radical cure Prophylaxis

• Single 
Dose

• load 

• weekly 

during travel 

• one dose 

post travel

≥ 16 years of age ≥ 18 years of age

• Both contraindicated in psychiatric illness
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Emergence of P.f. partial resistance to Co-Artem

update

Patients with parasites seen Day 3 of AL

Mihreteab, B  et al Sept 28th 2023 NEJM

Eritrea (n=841)
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Emergence of P.f. partial resistance to Co-Artem

update

Day 3 positivity

Mihreteab, B  et al Sept 28th 2023 NEJM

Eritrea (n=841)

ART resistant genotypes
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Autothonous malaria in the US

Location Species

Florida P vivax   n-7

Texas P vivax  n-1

Maryland P. falciparum   n-1

Arkansas P. vivax n-1

update
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Maryland P. falciparum case

August 6, :resident of the Maryland National Capital Region 
7-days of fever, malaise, and myalgias.
No international travel. 

• patient reported daily walks near home and an occurrence of a tick 
attachment

LABS: anemia, thrombocytopenia, hyperbilirubinemia, and                           3.2 
% intraerythrocytic parasites 

update
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Maryland P. falciparum case

August 6, :resident of the Maryland National Capital Region 
7-days of fever, malaise, and myalgias.
No international travel. 

• patient reported daily walks near home and an occurrence of a tick 
attachment

LABS: anemia, thrombocytopenia, hyperbilirubinemia, and                           3.2 
% intraerythrocytic parasites 
CDC telediagnosis could not distinguish if rings were babesia or Plasmodium: 
treated for Babesia with: atovaquone, azithromycin and doxycycline 
(reduction in parasites) 
August 15th: Routine MDH identified P.f. species 
re treated for malaria with AL

update
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When to consider locally transmitted 
malaria

clinicians should consider a malaria diagnosis in any person 
with 
1) an unexplained cause of fever, regardless of their travel 
history, 
2) particularly in patients with new anemia or 
thrombocytopenia. 
in areas of locally acquired malaria cases follow guidance 
from your state and local health departments

update
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CDC: 24 hours 7 days a week for ANY 
questions:

They can also perform drug resistant genotyping on your recurrent malaria or if patient slow to clear 
parasites



Questions

Center for Disaster Medicine – Region 1 Disaster Health Response System and Regional Emerging Special Pathogens Treatment Center 
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Thank you!

Center for Disaster Medicine – Region 1 Disaster Health Response System and Regional Emerging Special Pathogens Treatment Center

Region1RDHRS@mgh.harvard.edu

www.rdhrs.org

@Region1RDHRS  
  

MGHBRT@partners.org  

www.massgeneral.org/disaster-medicine

@MGHDisasterMed

http://www.massgeneral.org/disaster-medicine
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