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Delayed Plasmodium falciparum malaria in immigrants
from disease-endemic countries is rare. Such cases
pose a challenge for public health because mosquito-
borne transmission must be rigorously investigated. We
report a case of delayed P. falciparum malaria in a preg-
nant woman with sickle cell trait 11 years after immigra-
tion to the United States.

lasmodium falciparum malaria is a major cause

of illness and death worldwide (1). In disease-
hyperendemic areas, most of the population are
parasitemic (2). Chronic exposure results in par-
tial immunity, and sickle cell trait reduces the se-
verity of infection (3,4). Delayed P. falciparum ma-
laria after immigration to nonendemic countries
has been reported in the literature, and pregnancy
is the most common risk factor for this unusual
presentation (5).

Former residents of disease-endemic areas who
have P. falciparum malaria without recent travel
risk present a public health challenge because lo-
cally acquired mosquitoborne transmission of the
parasite must be ruled out, given the widespread
distribution of Anopheles spp. mosquito vectors in
the United States (6-8). We report the clinical and
public health investigation of a case of delayed P.
falciparum malaria in a pregnant woman 11 years
after immigration to the United States from sub-
Saharan Africa.
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The Study

The patient was a 20-30-year-old multiparous preg-
nant woman from sub-Saharan Africa who came to
an emergency department at Providence Portland
Medical Center, Portland, Oregon, USA, during her
third trimester; she had inadequate prenatal care
and a 2-week history of loose stools and abdominal
pain before defecation. She reported chills and night
sweats without fevers. She denied nausea, vomit-
ing, epigastric pain, runny nose, cough, sore throat,
lymphadenopathy, dysuria, or vaginal discharge. The
patient was tachycardic; fetal heart rate (FHR) trac-
ing showed a normal FHR, moderate variability, ac-
celerations, and late and variable decelerations. Initial
laboratory evaluation on the woman showed micro-
cytic anemia, leukocytopenia, thrombocytopenia, and
an increased level of bilirubin (Table).

Testing results were negative for HIV, SARS-
CoV-2, influenza, hepatitis B, hepatitis C, rubella,
and syphilis. The result of a rapid point-of-care
BinaxNOW malaria test (Abbott Laboratories,
https:/ /www.globalpointofcare.abbott) was positive
for P. falciparum. Thick and thin malaria blood smears
showed P. falciparum (Figure 1). Initial parasitemia
was 0.2%. We submitted blood smears to the Division
of Parasitic Diseases and Malaria diagnostic laborato-
ry, Center for Global Health, Centers for Disease Con-
trol and Prevention, and P. falciparum morphologic
identification was confirmed. A pretreatment blood
sample was not available for molecular speciation or
whole-genome sequencing.

We initiated a 3-day course of artemether/lume-
fantrine, and percentage parasitemia decreased to
0.1% within 24 hours. No parasites were observed
by day 3 of therapy. The patient received intrave-
nous fluids and 1 unit of packed red blood cells.
Maternal tachycardia resolved, and FHR tracing
displayed normal FHR with moderate variability,
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Table. Pregnant patient laboratory values at initial clinical
evaluation (day 0) and at discharge (day 5), Washington County,
Oregon, USA, July—September 2022

Laboratory test Day 0 Day 5
Hemoglobin 9.1 g/dL 8.8 g/dL
Hematocrit 27.9 g/dL 27.9 g/dL
Mean corpuscular volume 70.8 fL 72.5fL
Leukocyte count 3.6 x 109/L 7.3 x 10%/L
Platelet count 91.0 x 10%/L 102.0 x 10%/L
Total bilirubin 2.23 mg/dL  0.92 mg/dL (day 3)

accelerations, and resolution of decelerations. The
patient’s anemia and thrombocytopenia improved,
and her leukocyte count normalized. The patient
gave birth to a healthy postterm infant without evi-
dence of placental insufficiency. Placental patholog-
ic analysis showed sickled maternal erythrocytes,
pigment in perivillous fibrin, and mild lymphocytic
deciduitis without immunohistochemical evidence
of parasites.

The patient immigrated to the United States
with her family 11 years before she sought care.
She had lived in a metropolitan area of Oregon dur-
ing the 5 years before she sought care and denied
any history of foreign or domestic travel. The pa-
tient reported a history of malaria during childhood
19 years earlier, for which treatment was received
while living in sub-Saharan Africa. She denied any
history of blood transfusions or recent insect bites.
The most recent visit to the patient’s home by a per-
son from sub-Saharan Africa occurred 2 years be-
fore her illness. She had a history of anemia during
previous pregnancies, and her first pregnancy was
complicated by thrombocytopenia and preeclamp-
sia. She had a history of sickle cell trait diagnosed by
hemoglobin fractionation.

We explored the plausibility of local malaria
transmission by evaluating current mosquito surveil-
lance data and conducting case finding with tempo-
rospatial proximity to the case. The investigation was
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anchored to month of symptom onset (September
2022). We used mapping to visualize spatial associa-
tions between mosquito surveillance, malaria case
reports, syndromic surveillance, and death surveil-
lance (Figure 2).

Anopheles freeborni and An. punctipennis mosqui-
toes were identified during Washington County Pub-
lic Health’s 2022 Mosquito Control trapping season,
May-September 2022. However, during the period of
our investigation, temperatures had decreased, and
Anopheles mosquitos were not active in the area. P.
falciparum case finding within the statewide report-
able disease database showed 1 travel-associated ma-
laria case with an onset 2 months before this patient
and ~4 miles away. There was no epidemiologic link
between the cases; whole blood was not available to
identify microsatellite parasite signatures. A search of
Oregon’s Electronic Surveillance System for the Ear-
ly Notification of Community-Based Epidemics for
emergency department encounters with a discharge
diagnosis of fever of unknown origin (FUO) showed
greater than expected activity in the week of the pa-
tient’s onset of symptoms (9). However, the trend was
not isolated to the proximity of the case-patient, and
many encounters noted manifestations consistent
with viral infections.

An Early Notification of Community-Based Epi-
demics query for mosquito bites and arboviral dis-
eases did not show greater than expected activity.
A vital records query for deaths with an associated
diagnosis of FUO showed 1 death temporospatially
related to the case. Medical record review by the Ma-
laria Branch, Center for Global Health, Division of
Parasitic Diseases and Malaria, Centers for Disease
Control and Prevention, ruled out the death as relat-
ed to malaria due to clinical and laboratory incompat-
ibility. Thus, there was no evidence to support local
mosquitoborne transmission.

Figure 1. Representative
thin blood smears showing
Plasmodium falciparum in
pregnant patient, Washington
County, Oregon, USA, July—
September 2022. Ring-form
trophozoites, morphologically
consistent with P. falciparum,
-~ were identified. A) Multiply-
infected erythrocyte showing
an applique form; B) ring form
showing 2 chromatin dots
(headphone form). Original
magnification x1,000.
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Conclusions

We report a case of P. falciparum malaria in a pregnant
woman 11 years after immigration from sub-Saharan
Africa to the United States. To assess for local mos-
quitoborne transmission, a joint state and local public
health investigation examined mosquito surveillance
data, performed case finding for additional malaria
cases, and reviewed syndromic surveillance and
death surveillance for FUO diagnoses with temporo-
spatial proximity to the case. This comprehensive as-
sessment enabled the public health departments to ef-
fectively evaluate local mosquitoborne transmission
and emerging local risk.

Although delayed P. falciparum illness has been
documented, it remains rare, and the patient’s latency
period was unusually long at 11 years. In 1 case series
and literature review, pregnancy was the most prev-
alent risk factor associated with delayed presenta-
tion and reports of delayed presentation in pregnant
women ranged from 3 months to 4 years (5). Delayed
P. falciparum in persons from disease-endemic regions
is believed to arise from persistent low-level parasit-
emia and decaying P. falciparum-specific immunity
(5). In pregnant women, pregnancy-related immuno-
suppression, sequestration of P. falciparum parasites
in the placenta, and, possibly, placental antigen ex-
pression might increase the risk for delayed P. falci-
parum presentation (10-12). The patient’s sickle cell
trait might have also contributed to the latency of her
delayed presentation. Sickle cell trait protects against
severe disease from P. falciparum infection and is as-
sociated with lower parasite densities and delayed
malaria (13,14).

Most malaria cases in the United States are related
to travel to a disease-endemic region. However, malaria
can rarely be acquired locally through mosquito bite,
transfusion, or other parenteral route, transplantation,
or during pregnancy or childbirth (15). Our case-patient
had no known history of transfusion or transplantation,
and her infant did not show development of malaria.
Although the patient denied traveling to a disease-en-
demic area, she was not available for follow-up, and we
were unable to verify travel history through a passport
review. Therefore, undisclosed travel to a malaria-en-
demic country remains an unlikely possibility.

Malaria should be considered in all patients
from disease-endemic regions who have compatible
symptoms regardless of time since exposure. Clini-
cal suspicion should be heightened in persons who
have underlying risk factors for delayed manifesta-
tion, including pregnancy, immunosuppression,
and sickle cell trait. To rule out the possibility that a
patient without recent travel risk acquired malaria lo-
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Figure 2. Number of Anopheles spp.—positive pools, Plasmodium
falciparum—positive cases, and fever of unknown origin deaths,
Washington County, Oregon, USA, July—September 2022.

cally, rigorous public health investigation is required.
Components of an investigation might include
medical and travel record review, environmental sur-
veillance, case finding, and syndromic and death sur-
veillance with consideration of temporospatial prox-
imity to the case.

Acknowledgment

We thank William Ryan for examining the patient’s
placenta and providing support in coordinating further
evaluation with the Centers for Disease Control

and Prevention.

About the Author

Dr. Drummond is an infectious disease specialist and a
medical director for infection prevention at Providence
Portland Medical Center, Portland, Oregon. Her primary
research interests are management of infections in
immunocompromised patients and complex

pulmonary infections.

References

1. Hay SI, Guerra CA, Tatem AJ, Noor AM, Snow RW. The
global distribution and population at risk of malaria:
past, present, and future. Lancet Infect Dis. 2004;4:327-36.
PubMed https:/ /doi.org/10.1016/51473-3099(04)01043-6

2. Smith DL, Guerra CA, Snow RW, Hay SI. Standardizing
estimates of the Plasmodium falciparum parasite rate. Malar J.
2007;6:131. https:/ / doi.org/10.1186/1475-2875-6-131

3. Doolan DL, Dobafio C, Baird JK. Acquired immunity
to malaria. Clin Microbiol Rev. 2009;22:13-36.
https:/ /doi.org/10.1128 / CMR.00025-08

153



DISPATCHES

10.

Williams TN, Mwangi TW, Roberts DJ, Alexander ND,
Weatherall DJ, Wambua S, et al. An immune basis for
malaria protection by the sickle cell trait. PLoS Med.
2005;2:128. https:/ /doi.org/10.1371/journal.pmed.0020128
Dauby N, Figueiredo Ferreira M, Konopnicki D,

Nguyen VTP, Cantinieaux B, Martin C. Case report: delayed
or recurrent Plasmodium falciparum malaria in migrants: a
report of three cases with a literature review. Am ] Trop
Med Hyg. 2018;98:1102-6. https:/ /doi.org/10.4269/
ajtmh.17-0407

Isadcson M. Airport malaria: a review. Bull World Health
Organ. 1989;67:737-43.

Sinka ME, Bangs MJ, Manguin S, Coetzee M, Mbogo CM,
Hemingway ], et al. The dominant Anopheles vectors of
human malaria in Africa, Europe and the Middle East:
occurrence data, distribution maps and bionomic précis.
Parasit Vectors. 2010;3:117. https:/ /doi.org/10.1186/
1756-3305-3-117

Dye-Braumuller KC, Kanyangarara M. Malaria in the

USA: how vulnerable are we to future outbreaks? Curr
Trop Med Rep. 2021;8:43-51. https:/ /doi.org/10.1007/
s40475-020-00224-z

Burkom H, Loschen W, Wojcik R, Holtry R, Punjabi M,
Siwek M, et al. Electronic surveillance system for the early
notification of community-based epidemics (ESSENCE):
overview, components, and public health applications. JMIR
Public Health Surveill. 2021;7:e26303. https:/ /doi.org/
10.2196/26303

Kattenberg JH, Ochodo EA, Boer KR, Schallig HD, Mens PF,
Leeflang MM. Systematic review and meta-analysis: rapid

11.

12.

13.

14.

15.

diagnostic tests versus placental histology, microscopy and
PCR for malaria in pregnant women. Malar J. 2011;10:321.
https://doi.org/10.1186/1475-2875-10-321

Mayor A, Moro L, Aguilar R, Bardaji A, Cistero P,
Serra-Casas E, et al. How hidden can malaria be in pregnant
women? Diagnosis by microscopy, placental histology,
polymerase chain reaction and detection of histidine-rich
protein 2 in plasma. Clin Infect Dis. 2012;54:1561-8.
https://doi.org/10.1093/ cid/ cis236

Hyviid L, Staalsoe T. Late recrudescence of Plasmodium
falciparum malaria in pregnancy. Int J Infect Dis. 2006,10:412.
https:/ /doi.org/10.1016/].ijid.2005.10.013

Aidoo M, Terlouw D], Kolczak MS, McElroy PD,

ter Kuile FO, Kariuki S, et al. Protective effects of the sickle
cell gene against malaria morbidity and mortality.

Lancet. 2002;359:1311-2. https:/ /doi.org/10.1016/
S0140-6736(02)08273-9

Crompton PD, Traore B, Kayentao K, Doumbo S, Ongoiba A,
Diakite SA, et al. Sickle cell trait is associated with a delayed
onset of malaria: implications for time-to-event analysis in
clinical studies of malaria. ] Infect Dis. 2008;198:1265-75.
https:/ /doi.org/10.1086/592224

Mace KE, Lucchi NW, Tan KR. Malaria surveillance —
United States, 2018. MMWR Surveill Summ. 2022;71:1-35.
https://doi.org/10.15585/ mmwr.ss7108al

Address for correspondence: Melissa Sutton, Public Health
Division, Oregon Health Authority, 800 NE Oregon St, Ste 772,
Portland, OR 97232, USA; email: melissa.sutton@oha.oregon.gov

etymologia revisited

Petri Dish
[pe’tre 'dish]
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he Petri dish is named after the German inventor and bac-

teriologist Julius Richard Petri (1852-1921). In 1887, as an
assistant to fellow German physician and pioneering microbi-
ologist Robert Koch (1843-1910), Petri published a paper titled
“A minor modification of the plating technique of Koch.” This
seemingly modest improvement (a slightly larger glass lid),
Petri explained, reduced contamination from airborne germs
in comparison with Koch’s bell jar.
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