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Simian Malaria in a U.S. Traveler ——— New York, 2008

Four species of intraerythrocytic protozoa of the genus Plasmodium (P. falciparum, P. vivax, P. ovale, and P. malariae) are known to
cause malaria in humans. However, recent reports from Asia suggest the possibility that a fifth malaria species, Plasmodium knowlesi
is emerging as an important zoonotic human pathogen. Although more than 20 species of Plasmodium can infect nonhuman primates
until recently, naturally acquired human infections of simian malaria were viewed as rare events lacking public health significance.
When viewed by light microscopy (the gold standard for laboratory diagnosis of malaria), many of the simian species are almost
indistinguishable from the four Plasmodium species that cause infection in humans (Table). Molecular techniques, such as
polymerase chain reaction (PCR) amplification and microsatelite analysis, are needed for definitive species determination. This report
describes the first recognized case of imported simian malaria in several decades in the United States, diagnosed in 2008 in a patient
from New York who had traveled to the Philippines. Atypical features of the parasite seen on light microscopy triggered further
molecular tasting, which confirmed the diagnosis of £, knowlesi To date, all simian malaria species have been susceptible to
chloroquine treatment Molecular analysis of certain malaria parasites isolated from ill travelers returning to the United States from
Asia or South .>3m1nm can more accurately assess the burden of simian malaria parasite infections in humans.

The first recognized case of naturally acquired simian malaria was a 1965 case of £ knowles/infection in an employee of the U.S,
Army who had retumed home from an assignment in Southeast Asia (/); subsequent reports were few and unconfirmed. In 2002,
investigators in Malaysia noted an increasing number of £. malsriae cases with atypical features, including increased clinical severity
and higher parasitemnia (2. By using a nested PCR assay, more than 50% of these malaria cases were determined to be 2. knowlesi,
none were £. malariae, as originally determined by microscopy (2. In a retrospective evaluation by the same investigators during
2001~-2006, 28% of 960 specimens from patients in Sarawak, Malaysian Bomeo, were found to be 2. knowlesi aftor being
morphologically diagnosed most often as £, malarize (3. The group also reported four unusual fatalities attributed to severe malaria
caused by P. malarize that was later confirmed as . knowfes/by PCR. Additional cases of naturally occurring 2 knowlesi infection in
humans have been reported from Singapore (4), the Tha~Burma border (5), the Philippines (6), Yunnan Province in China { 7, and
Finland, where a returning traveler mﬂoa Malaysia was S.ma_mm:oga _:a_m_:\ as having infection s:nr P. falcipsrum (8).

Case Report

In the recent U.S. case, a woman aged 50 years with no previous history of malaria who was born in the Philippines but had lived in
the United States for 25 years, retumed to her home country to visit friends and relatives on October 17, 2008. While there, she
stayed on the island of Palawan in a cabin located at the edge of a forested area known to be a habitat for long-tailed macaques.
She had not taken malaria chemoprophylaxis and had not used any Bomn:an_lm/\o_am:on SmmmcSu. toth of which are recommended
preventive measures for travelers to this area.

The woman returned to the United States on October 30, 2008, and noted the onset of a headache. Fever and chills ensued, and

. symptoms persisted for several days, after which she sought medical attention. In the emergency department. she was noted to be

hypotensive and to have thrombocytopenia. Examination of thick and thin malaria smears (Fizure 1) was ordered, and an initial,
erroneous diagnosis of babesiosis was made by a Iaboratory technician. Upon review by the laboratory supervisor the following
morning, the diagnosis was reassessed as malaria with 2.9% of red celis parasitized. However, the atypical appearance of the

. Plasmodium sp. seen in the smears prevented a species—specific diagnosis. The woman was treated successfully with atovaguone—~

proguanil and primaquine for Plasmodium of undetermined species.

An ethylenediaminetetraacetic acid (EDTA) blood tube and two stained smears were sent to New York state's Wadsworth Center
Parasitology Reference Laboratory for confirmation of Em_mlm and molecular determination of species by PCR. The Wadsworth
Center confirmed the presence of atypical rings and schizonts of a Plasmodium species (Figure 1), but conventional PCR targeting
the small subunit (SSU) of rRNA did not yield a product consistent with any of the four species of Plasmodium known to infect
humans. The specimen also was negative for the variants of £ ovale, which are 0083037\ seen in Southeast Asia. However, primers
specific for the SSU rDNA of the genus Plasmodium yielded a 1,055-bp PCR product that was sequenced and noted to be a 99%

match over its full length to the SSU rRNA gene from £, knowlesi(H strain) (9). These data confirmed that the infection was caused
by P. knowlesi

Reported by: JG Ennis, AE Teal, A Habura, PAD, S Madison-Antenucci, PhD, JS Kerhly, PhD, Div of Infectious Diseases, New York
State Dept of Health. PM Arguin, MD, JW Barnwell PhD, WE Collins, PhD, S Mali MPH, L Stutsker. MD, A Dasilva, DSe, Div of
Parasitic Diseases, National Center for Zoonotic, Vector~8omne, and Enteric Diseases: J Hwang, MD, EIS Officer, COC.

Editorial Note:

Several conditions need to coincide for simian species of Plasmodium to infect humans: 1) human erythrocytes must be susceptible
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to invasion by simian parasites, 2) humans must be near or in forests where nonhuman simians are infected, and 3) anopheline
mosquitoes that feed on both humans and nonhuman simians must be present (70). Many areas in Asia and South America have
overlapping populations of nonhuman primates that serve as reservoirs for simian malaria and competent Anopheles mosquito
vectors that are necessary to transmit the infection to humans (Table, Figure 2) (/). For P. knowlesiin Asia, the normal hosts are
long-tailed and pig—tailed macaques and mitered-leaf monkeys, which are found with Anopheles mosquito vectors of the
Leucosphyrus group, enabling transmission of infection (/). Other simian malaria species known to infect humans include P. simium
and P. brasilianum in South America and P. cynomolgiand P. inuiin Asia (7,10). .

Most simian malaria infections in humans can cause mild or moderate disease but often are self-fimited, not requiring antimalarial
therapy (/). However, P. knowlesi, with its 24-hour asexual replication cycle, can result in large parasite burden and severe,
life—threatening disease (J). Severe malaria imported from Asia should alert the physician to the possibility of infection with 2.
knowlesi Health-care providers also should consider hospitalization if the patient with malaria reports travel to forested areas of
Asia, where P. knowles/transmission occurs. Simian P o pecies are st ptible to all available antimalarials in the United
States. Although definitive diagnosis as a simian species of Plasmodium cannot be made in time to guide selection of antimalarials at
the initiation of therapy, treatment for undetermined Plasmodium species will effectively treat all simian species. Use of current
treatment and chemoprophylaxis guideiines are appropriate for treating and preventing simiiin malaria infections in humans.

Health~care providers of patients with malaria and iaboratories that dagnosa rmlana imported from Asia or non—faiciparum malaria
from South America should refer appropriate specimens to a Clinical Laboratory lmprovement Amendments (CLIA)- verified state
health reference laboratory or CDC's Division of Parasitic Diseases Reference Laboratory for species confirmation by molecular
testing. In the United Statss, approximately 1,500 malaria cases. are reported each year, almost all imported from areas where malaria
is endemic; approximately 200 of these cases are imported from Asia or South America. In the United States, the potential for riot
recognizing a Plasmadium infection of simian origin is high because diagnosis usually relies on microscopic examination of Giemsa—
stained smears rather than diagnosis by molecular techniques. Only a fow laboratories (including state and federal public health
reference and commercial laboratories) routinely use molecular assays, and even fewer have the capacity to confirm simian species.

The substantial number of recent human cases of simian malaria reported in Malaysia and the wider region (including the travel-
associated case described in this report) underscores the need to define the scope and magnitude of the probiem (2—8). Persons
wishing to send specimens for speciés confirmation by CDC should collect pretreatment blood in EDTA or scid citrate dextrose
blood collection tubes. Instructions and specimen submission forms are available online at http://www.cdc gov/malaria/smscs him.
Contact information for local or state health department laboratories is available at http://www.aphl.grg/abdutaphl/aboutphis/pages
/memberlabs.aspx. As with all suspected cases of malaria, health-care providers with questions regarding diagnosis or treatment
should call the CDC Malaria Hotline at 770-488-7788 (Monday—Friday, 8:30 am. to 4:30 p.m, EST); Health—care providers seeking
emergency consultation after hours should call 770-488-7100 and request to speak with a.CDC Malaria Branch clinician.
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Nosocomial Transmission of Human
Granulocytic Anaplasmosis in China

Lijuan Zhang, MD, PhD

Context Human granulocytic anap]asmosls (HGA) is an emerging tick-bome disease in
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Daxin Ni, MD

China. A cluster of cases among health care workers and family members following ex-
posure to a patient with fulminant disease consistent with HGA prompted investigation.
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Objective To irivestigate the origin and transmission of apparent nosocomial cases

of febrile iliness in the Anhui Province.

Design, Setting, and Patients After exposure to an index patient whose fatal ill-
ness was characterized by fever and hemorrhage at a primary care hospital and re-
gional tertiary care hospital's isolation ward, secondary cases with febrile illness who
were suspected of being exposed were tested for antibodies against Anaplasma phago-
cytophilum and by polymerase chain reaction (PCR) and DNA sequencing for A phago-
cytophilum DNA. Potential sources of exposure were investigated.

Main Outcome Measure Cases with serological or PCR evidence of HGA were
compared with uninfected contacts to define the attack rate, relative risk of iflness,
and potential risks for exposure during the provision of care to the index patient.

Results In a regional hospital of Anhui Province, China, between November 9 and
17, 2006, a cluster of 9 febrile patients with leukopenia, thrombocytopenia, and el-
evated serum aminotransferase levels were diagnosed with HGA by PCR for A phago-
cytophilum DNA in peripheral blood and by seroconversion to A phagocytophilum.
No patients had tick bites. All 9 patients had contact with the index patient within 12
hours of her death from suspected fatal HGA while she experienced extensive hem-
orrhage and underwent endotracheal intubation. The attack rate was 32.1% vs 0%
(P=.04) amang contacts exposed at 50 cm or closer, 45% vs 0% (P = .001) among
those exposed for more than-2 hours, 75% vs 0% (P <.001) among those reporting
contact with blood secretions, and 87.5% vs 0% (P=.004) among those reporting
contact with respiratory secretions from the index patient.

Jianguo Xu, MI}, PhD

UMAN GRANULOCYTIC ANAPLAS-

mosis (HGA) is an emerging

tick-borue infectious disease

that was recognized in the
United States in 1990" and in Europe in
1997.* The disease name was changed
from human granulocytic ehrlichiosis to
HGA in 2001 when the causative rickett-
sia was reclassified from the genus ehrli-
chia as Anaplasma phagocytophilum.® Al-
though the clinical presentation of HGA
is variable and although it may be diffi-
cultto diagnose, the annual numberof in-
fectionsreported in the United Statessince
1990 has steadily increased.*” Seroepide-

For editorial comment see p 2308,

©2008 American Medical Association, All rights reserved.

Conclusion ‘We report the identification of HGA in China and fikely nosocomial trans-

tmission of HGA from direct contact with blood or respiratory secretions.

JAMA, 2008;300(19):2263-2270

www.jama.com

miiological datasuggest that infectionrates
in endemic areas are as high as 15% 1o
36%,%*implying that the diagnosis is of-
ten missed or that infection is mild or
asymptomatic. Because epidemiological,
clinical, and microbiological information

about HGA s limited, the disease is likely
underrecognized and underveported
worldwide.”

Despite the pathogen's global distri-
bution, otily a limited nwnber of labo-
ratory-confirmed cases have been re-
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ported from countries in Europe, where
the median seroprevalence rate is 6.2%,
similar to that in North America.’ Se-
rological and malecular evidence also
suggests that human infection exists in
Korea, Japan, and China ' Herein, we
report the first cases of HGA acquired
in China, as well as the unusual find-
ing of nosocomial human-to-human
transmission.

METHODS

Laboratory Diagnosis

Patients suspected of HGA exposure
were tested for serwin IgG to A phago-
cytophilwm using the 1gG IFA kit (Fo-
cus Diagnostics, Cypress, California),
screening at a 1:64 dilution and ttrat-
ing if reactive.” Nested polymerase
‘chain reaction (PCR) using blood DNA

(Qlaamp DNA Mini Kit, QIAGEN;
Hilden, Germany) was used to detect
A phagocytophilum DNA with Ana-
plasma and Ehrlichia genus-common
and A phagocytophilum species-
specific rrs primers (165 rRNA gene),'
and A phagocytophilum species-
specilic groEL primers.}” Au A phago-
cytophilum rrs plasmid and DNA from
healthy people or distilled water were
used as controls. Positive reactions were
confirmed by direct sequencing, Poly-
merase chain reaction was conducted
in 2 independent laboratories, the Na-
tional Institule for Communicable Dis-
ease Control and Prevention in Bei-
jing, and at the Anhui Province Center
for Disease Prevention and Control in
Hefei city. Each laboratory used its own
primers, reagents, and patient blood
DNA. All samples were tested concur-
rently with negative and no template
countrols (water) under the same con-
ditions. Polymerase chain reaction
samples from healthy people and nega-
tive controls consistently had nega-
tive results,

" To exclude other infections, sero-
logical, antigen detection, and PCR di-
agriostic lests were conducted. These
included tests on blood from the first
3 1o 5 days after onset for reverse tran-
scription (RT)~PCR of PCR for nucleic
acids of Lassa fever virus, Ebola virus,
Marburg virus, Hantaan virus, Junin vi-

2264 JAMA, Novemmher 19, 2008—Vol 300, No. |9 (Reprinted)

rus, yellow fever virus, Crimean-
Congo hemorrhagic fever virus, cox-
sackievirus, respiratory syncytial virus,
adenovirus, Mycoplasing pneumoniae,
Chlamydia species, Ehrlichia species,
Rickettsia species, and Oricntia
tsulsugamushi.

Tests were also conducted on oro-
pharygeal swabs from the first 3 105
days after onset for inlluenza A virus
antigens, and by PCR for influenza A
viruses, influenza B virus, and influ-
enza virus subtype H5 nucleic acids.
Tests for acute-phase serum were con-
ducted to detect IgM and IgG to se-
vere acute respiratory syndrome vi-
rus, as well as to detect IgM or IgM plus
IgG antibodies by capture enzyme-
linked immunosorbent assay against
Bunyaviridae, Filoviridae, Lassa fever
virus, Ebola virus. Marburg virus, Han-
taan virus, Junin virus, yellow fever vi-
rus, and Crimean-Congo hemor-
rhagic {ever virus.

Epidemiglogical Investigation

All comitacts of the index patient, in-
cluding patients with similar clinical
presentations and healthy persons, were

interviewed before laboratory diagnos-

tic results were obtained. A possible case
of HGA was defined as a paticnt with a
clinically compatible illness (fever,
headache, chills) and laboratary find-
ings including thrombocytopenia and
leukopenia but who lacked scrologi-
cal or wmolecular tests for A phagocyto-
philum. A confirnmed case was defined
as a patient with a clinically compat-
ible illness (as above) and in keeping
with the US Cenlters for Disease Con-
trol and Prevention (CDC) criteria
(hup:/www.cde.gov/ncphi/disss/mudss
/casedel/ehriichiosis_2008.hum) by
either seroconversion, a 4-fold in-
crease in A phagocytophilum I1gG ant-
body titer in acute and convalescent
sera, or a positive PCR result for both
A phagocytophilum rrs and groEL con-
firmed by direct sequence analysis."

Contact Questionnaire

All contacts of the index patient were
asked to complete a questionnaire about
their health status and profession; ex-

perience with tck bites; exposure to the
index patient—where, when, and how
they had contact; exposure Lo wild ani-
mals; extent of outdoar activity; expo-
sure to the index patient's blood and
respiratory sccretions or to grossly
bloody oropharyngeal secretions; pres-
ence of skin lesions during exposure;
whether skin surfaces were washed al-
ter exposure; whether they were ex-
posed to the patient’s stool or urine; and
the timing of these events, Health care
workers were asked about their use of
masks and gloves.

Ethical and Human Subjects

Review

The study was approved by the cthics
committee of China CDC, according to
the medical research regulations of Min-
istry of Health, China. Oral informed
consenl was obtained from all study
participants.

Statistical Analysis

All statistical calculations were per-
formed using Epi Info 6.04d (htp:
/iwww.cde.gov/epiinfo). To identily
specific exposure risk factors, retro-
spective cohort comparisons were
evaluated by calculating attack rates,
relative risk, and 95% confidence in-
tervals and by Fisher exact test; siguifi-
cance was defined as a 2-tailed P <.05.

RESULTS

Index Case

A 50:year-old woman with a 1-day
abrupt onset of sudden fever (39.2°C),
headache, myalgia, arthralgia, dizzi-
ness, and malaise presented to the vil-
lage clinic on October 31, 2006, and was
treated with ribavirin, cephalothin, dexa-
methasone, and amidopyrine for 4 days.
At9PMon Novermnber 3, she was admit-
ted 1o the local hospital because of gum
bleeding, facial edema, nausea, vormnit-
ing, and oliguria, a temperature of
39.7°C, blood pressure of 85/60 mm Hg,
and pulse rate of 96/min; a rish was
noted over her trunk. Laboratory test-
ing showed Jeukopenia {white blood cell
count, 3300/pL), thrombocytopenia
(platelet count, 18X 10%pl), elevated
serum aspartate aminotransferase
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(629 UML) aud alanine aminotransfer-
ase (69 U/L), clevated creadnine (2.6 mg/
dL), and clevated blood urea nitrogen
(48 mg/dL) levels, Dipstick urinalysis re-
vealed 3* hematuria and 3" protein-
uria (protein, 3 g/1.). (To convert aspar-
tate aminotransferase and alanine
aminotranslerase to microkat per liter,
multiply by 0.0167; creatinine to mi-
cromole per litcr, by 88.4; and urea ni-
trogen to millimole per liter, by 0.357)

Her condition progressively deterio-
rated, so she was transferred to a re-
gional hospital at 11 AM, Novemnber 4.
By 7 pM, the patient became ob-
tunded, cyanotic, and purpuric and was
bleeding from her nose and mouth. This
extensive mouth and nose bleeding re-
quired frequent aspiration and con-
taminated the working area surfaces,
health care workers, and family mem-
bers who were with her. Family mem-
bers assisted with patient care by wip-
ing blood fromn the patient’s mouth and
nose, rinsing and reusing the same tow-
cls. By 7:38 PM the patient developed
rapidly progressive dyspnea and wors-
ening oxygen saturation and tequired
endotracheal intubation. The patient re-
mnained hypoxic and hiypotensive with
muldorgan failure and copious bleed-
ing from the nose and mmouth. Despite
all efforts, the patient died a1 6:45 AM,
November 5, 2006. The final diagno-
sis was hemorrhagic fever with renal
syndrome, even though no IgG anti-
bodies to Hantaan virus were de-
tected. A postmortem examination was
not performed, and no blood or tissue
samnples remained for retrospective
laboralory testing.

Retrospective questioning of the pa-
tient's family revealed that she was bit-
ten by atick 12 days before onset of fe-
ver: she liad killed several mice in her
hoine 9 days before onset, and her hus-
band had hunted and brought homne
“wild animal carcasses™ 3 days before
onset of illness. A timeline of events is
shown in the FIGURE.

Nosocomial Cases of HGA

Between Novemnber 9 and 17, 2006, 9
patients were identified at the regional
hospital with fever higher than 38.0°C

©2008 American Medical Association. All rights reserved,
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(9 of 9 patients), myalgia (5 of 9),
diarrhea (7 of 9), leukopenia (white
blood cell count, 1200-3700/uL in 9
of 9}, thrombocytopenia (platelets,
39-115 X 10%ul in all 9), and elevated
serum aspartate aminotransferase and
alanine amjnotransferase (7 of 9)
(TABLE 1). All patients had contact
with the index patient, including 5
family members, 2 physicians, and 2
nurses who had accompanied or
treated her between November 4 and
5 (Figure).

The initial secondary case experi-
enced fever on November 9, 4 days af-
ter death of the index case, followed on
November 11 by another patient, on
Noveruber 12 by 3 patients, and on No-
vember 14 by 3 more patients. The last
patient reported illness on November
17, 12 days after the death of the in-
dex patient. The patients were be-
tween 25 and 67 years (mean, 36.2
years), and 6 were men. All were pre-
viously healthy. The average incuba-
tion period was 7.8 days (range, 4-12
days). All had fever of at least 38.5°C
for 1 1o 6 days (mean, 4 days). Diar-
thea was characterized as 1 to 3 loose
stools per day persisting for 1 to 2 days.
All patients had relative bradycardia.
One patient developed acute respira-
tory distress syndrome as a complica-
tion of Aspergillus pneumonia and tu-
berculosis during his hospitalization.
The other 8 patients were wildly af-
fected, vecovered, and were dis-
charged in good health.

Contact Investigation

The index patient had contact with 63
persons after onset of illness: 21 family
raembers aud 42 health care workers. Of
the 42 health care workers, 18 were from
the local hospital, including 2 from the
village clinic, and 24 were from the re-
gional hospital. Of the 21 family mem-
bers, 4 had contact with the index pa-
tient in only the local hospital, 13 only
in the regional hospital, and 4 in both.
The 9 secondary cases occurred among
the 39 health care workers and rela-
tives with patient exposure at the re-
gional hospital, representing an attack
rate of 23%. All 9 caved for the index case

in the final 12 hours of her life while she
was in the critical care unit and during
the endotracheal intubation proce-
dure. No one whose only contact with
the index patient was before these 12
hours was infected.

Serological and Molecular
Diagnosis .

Anaplasma phagocytophilum IgG sero-
conversions were detected for all 9 pa-
tients, and a 4-fold I1gG titer increase
was observed in 7 of 9 patients
(Table 1). Nested PCR using genus-
cownmon rrs and species-specific rrs and
groEL primers identified A phagocyto-
phihan DNA in the blood samples from
all 9 patients when they were in the
acute phase, whereas all healthy and
template controls had negative test re-
sults. The identity of amplicons from
each of the 9 patents was confirmed by
sequencing; all rrs sequences (206 base
pairs) were identical and all groEL se-
quences (446 nt) were identical (Gen-
Bank accession numbers: rrs
EF211110-17 and EF473210; groEL
EF47320108 and EF473209). Al-
though the rrs sequences were identi-
cal to most other human-derived strains
globally, sequences from groEL were
identical to some US strains (Wiscon-
sin and New York) but differed from A
phagocytophilum in China (93.6%;
EU008083), Germany (99.4%,
AY281850), and California (99.7%;
U96727). These data support the
premise that a single clone was respon-
sible for all of the 9 secondary cases. Al-
though peripheral blood smears were
examined for all 9 patients at the time
of illness, no convincing evidence of A
phagocytophilum morulae was ob-
served. All RT-PCR, PCR, antigen de-
tection, and IgM antibedy detection
tests for microbial and viral etiologies
were negative.

Risk Factors

The exposure data implicate transmis-
sion at the regional hospital, permit-
ting focus on risk factors in 39 indi-
viduals, including 24 health care
workers and 15 family members
(TABLE 2). Two family members who
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Figure. Timeline of Critical Events for the Index Patient and Direct Contact Intervals of Family Members and Health Care Workers With the
Index Patient and Exposure of Patients With Nosocomial Human Granulytic Anaptasmosis
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had contact with the index case after
her death were not included.

Noue of the 9 secondary cases re-
ported tick bites, exposure to wild ani-
mals, or participation in hunting activ-
ity in the preceding 2 months, and only
1 reported recent outdoor activity. For
all 9 secondary cases, culture seralogi-
cal, antigen detection, and nucleic acid
detection studies for other infectious
ctinlogies were negative.

Of 24 regional hospital health care
workers who had contact with the in-
dexpatient, 18 were on duty during the
final 12 hours, and 4 of the 18 who were
involved in the endotracheal intuba-
tion were infected. Of these 4, 3 were
invelved in endotracheal intubation and
care during times of hemorrhage. Six-
teen of 24 health cave workers (67%)

HUMAN GRANULOCYTIC ANAPLASMOSIS IN CHINA

from the regional hospital wore masks
and 9 of 24 (38%) wore gloves.

Of 17 family members who
reported contact with the index
patient at the regional hospital, 13
were present during endotracheal
intubation, 5 of whom were infected.
Of these S individuals, 3 reported
blood contamination of skin and pos-
sible mucocutancous exposures, sug-
gesting direct contact with blood or-
respiratory secretions as the mecha-
nism of transmission.

Among the 28 individuals who
reported close contact (<50 cm) with
the index patient during the final 12°
hours of her life, 9 were inlected. In
contrast, none of the 11 individuals

- who reported a physical distance of

more than 50 cm from the index

patient during the same time was
infected. The index patient was
exposed to 20 contacts for more than
2 hours, and 9 were infected, whereas
none of 19 contacts exposed fewer
than 2 hours was infected. All 9
irifected patients-reported contact
with blood (P = .002) and 7 had con-
tact with respiratory secretions (rela-
tive risk, 7.0; 95% confidence interval,
1.7-29.1; Table 2). Those persons
with skin expsoure to blood
(P<.001) or respiratory secretions
(P =.004), or those with preexisting
skin lesions or injuries followed by
exposure to blood (relative risk, 3.6;
95% confidence interval, 1.1-7.6;
P=.02) were significantly more likely
to be infected (TABLE 3). Neither
exposure to stool nor exposure to

Table 1. Clinical, Laboratory, and Serological Findings of 9 Patients With ¢ izl Human Granulocytic Anapl
Infected Patients
r 1
2 3 4 -8 8 7 8 -9 10
Clinical findings?® T
Days hosphalized 19 21 - 19 19 18 18 21 19 36
Temperaiurs =38.5°C Yes Yes Yes Yas Yes Yes Yes _ Yes Yes
Malaise Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chills Yes Yes Yes Yes Yes Yes Yes Yes . Yes
Diarrhea Yes No Yes Yes No Yes Yes Yas Yes
Myalgia Yes No Yes Yes No No Yes No Yas
Coryza/pharyngitis No No No No  Yes Yes No No Yes
Headache Yes No No Na No Yes No No No
Nausea No No Yes No No No .  No No - Yes
Edema No No No No No Yes No No No
Gum bleeding . No No No No No Yes No No No
Dysuria No No No “No No No No No’ Yes
Labaoratory values
Lowest biood count,
ranga of normal
White blood cell, 2600 1900 2700 2100 2500 1200 1800 3700 2200
4500-11 000/L2 . .
Platelet, 46 48 85 . 39 115 47 40 52 42 -
150-350 X 10%/uL B .
Highest liver enzymes, UL .
AST, men <38; women <32 252 116 ND 77 ND 50 50 7 78
ALT, men <40; women <3t 84 66 - ND ’ 64 ND. 89 89 - 74 - 138
Anaplasma phagocytophilum IgG titers
Days after onset . .
o-7 <64 <64 <64 64 64 - <64 <64 <64 <B4
20-25 NO 84 64 128 128 128 ND- G4 128
55-70 256 256 <64 256 256 <64 84 128 ND
A Phagocytophilum PCR results :
rs Yes Yes Yes Yes Yes Yes Yes Yes Yes
groEL Yes Yes Yes Yes Yes Yes " Yes Yes Yes
ALT, alanipe amic AST, espartate D. not done PCR, polymerase chain reaction. '

'warcal rnndlngs thal were documented dmng the couras of each patient's hospﬂuﬁzal
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urine from the index case resulted in
increased risk (0.6 and 1.1, respec-
tively).

COMMENT

Nine cases of A phagocytophilum
infection were confirmed at the
regional hospital in the Anhui Prov-
ince of China in a 9-day period. All
presented with HGA as described in
North America and Europe” and ful-
filled the US CDC laboratory criteria
for the diagnosis of HGA."* The most
remarkable aspect of these cases was
that transmission was very unlikely to
be tick-borne, but was closely associ-
ated with blood or respiratory sccre-
tion exposure from an index patient
who died of a fulminant febrile illness

with hemorrhage. Although the index
patient ¢an only be categorized as a
possible case, clinical and historical
support for the diagnosis of HGA is
strong. She had a tick bitc within
the known incubation period and
had a clinical presentation compatible
with severe HGA.* Moreover, the
epidemiological investigation of
exposed individuals with HGA impli-
cates her as the index case. Unfortu-
nately, no tissue or serum sample is
available to confirn retrospectively
her diagnosis.

Human granulocytic anaplasinasis
aud human monocytic ehrlichiosis
were initially identified with presenta-
tions now recognized as relatively
uncormunon for their natural histo-

Table 2. Risk Factors for Acquisition of Human Granulocytic Anaplashosls Among 39
Contacts Exposed to Index Patient While at-the Regional Hospital

NoJTotal {%)
r
Attack Rate Attack Rate Relative Risk
With Exposure  Without Exposure  (95% Confidence P
Exposure to index Patiert Factor Factor Interval)® Valye®
%50 cm to nose and mouth 9/2R (32.1) o1t () 04
>2h 9/20 (45.0) 019 (0) 001
During or after intubation 9/30 (30.0) 09 {0 .09
During massive hemarThage 479 (44.4) 5/30(16.7) 2.7(0.8-7.9) a7
period
- Any diract blood.contact 9722 {40.9) w17 (0 .002
Direct raspiratory or tracheal 713 (53.8) 2/26 (7.1 7.0(1.7.20.1) 403
secralion contact

Alnfirilo or not abio [o ba cukculaled.
DFisher exact test {2 1aled).

Table 3. Risk Factors for Human Granulocytic Anaplasmosls Assoclated With Direct Expo:ure
to Index Patient's Blood and Respiratory Secretions

NoJTotal (%)
r 1
Attack Rate Attack Rate Relative Risk
With Expasure  Without Exposure  {95% Confidence
Exposure Factor Factor Factor Interval)® Value®
Any direct blood contact
during hemonthage
On'skin 912 (75.0) 0100 <.001
Open wounds ) 4/4 (100.0) 5/18(27.8) 3.6(1.1-7.6) .02
or abvrasions
Not washed timely 4/8 (50.0} SN4(35.7) 1,4{0.5-3.8) 66
Drect respiratory or racheal
- secréfion contact
On skin 7/8 (87.5) 05 () 004
Open wounds 44 (100.0) | 3/8(33.3) 3 0(1.2-7. 6} .07
or abrasions -
Not washed timely /6 (50.0) 477 (57.1) 0.9(0.3-2.4) .62

Sinfritg or not able to ba cakatated. !
OFisher axact test [2-talec).

2268 JAMA, November 19, 2008—Val 300, Na. 19 (Reprinted)v

ries. '™ Infection can be severe, with
intensive care unit admission required
in 7% of padents and fatalities occur-
ring in up to 1%, yet most infections
are sporadic and probably self-
limited.* Based on the mild to wmoder-
ate severity observed in & of the 9 sec-
ondarily infected patients, Chinese
HGA conforms ta the spectrum of
clinical severity observed in North
America.*™"® The fatal outcome in the
index case is clinically similar to that
observed for other HGA fatalities,
including exsanguination with sepsis
syndrome possibly relating to cyto-
kine overproduction, opportunistic
infections, and increased FIGA sever-
ity in the setting of preexisting medi-
cal conditions such as diabetes melli-
tus 72

A phagocytophilum transmission in
China and Asia is predicated on the
presence of this zoenotic.agent in vee-
tor ticks and vertebrate hosts,
Although studies in Asia are limited,
at least 8 have examined A phagocyto-
philum infection of ticks, including
2284 Ixodes persulcatus Licks, of which
4.4% carvied A phagocytophilum DNA,
a prevalence similar to-that in Euro-
pean and North American Ixodes spe-
cies ticks.!*'*Y Likewise, 9% and
24% of Apodemus species field mice in
northern China and Korea, respec-
tively, and 64% of Crosidura lasiura
shrews in Karea are infected.!3:# 343828
Although no proven cases of HGA
have been previously identified in
China, at least 1 study describes A
phagocytophilum DNA in the blood of
4 Chinese patients with tick bites,'**
and seroepidemiological investiga-
tions demonstrate that 2% to 9% of
febrile patients in Korea,'®! and
between 0.5% aud 6% of healthy Chi-
nese residents have A phagocytophilum
antibodies.”

Rare exarples of nontick transmis-
sion of HGA exist in the literature
and include direct exposure to deer
blood ?? transfusion,” and transpla-
cental transinission.? Similarly, under
the proper circumnstances other rick-
eusial infeations are transinissible via
aerosol, direct contact with mucous

@2008 American Medical Association. All rights reserved.
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membranes or conjunctivae, or
rhechanical fomite transmission %%
Direct exposure to small blood vol-
umes probably carries a low risk
because experimental and natural
infections of whitc-1ailed deer result
in only low-level bacteremia * How-
ever, it is possible thar this Jow risk
may be offset by large volumes of ani-
mal blood and tissues, such as those
to which butchers are exposed.

Another factor related to (ransmis-
sibility is the blood burden of A
phagocytophilum, which appears to
increase with immunosuppression
resulting in absolute infected neutro-
phil counts as high as 2.7 to 5.9 X 10%
L.'8+° 1t is unclear to what degree the
sustained dexamethasone treatinent of
the index case contributed to trans-
mission. The final consideration is the
likelihood of health care worker and
family member exposure to sufficient
volumes of infectious body fluids to
account {or transmission. It is not
unusual {or occupational blood expo-
sure to occur among those caring for
patients with hemorrhage or during
procedures such as intubation or sur-
gery, for which the relative risk is 3 to
4 times higher than for other medical
specialties.”! 1n western socicties,
most {amily members are excluded
from these events and health care
waorlkers are increasingly protected by
training and barriers such as gloves,
gowns, aud masks.'? However, retro-
spective questioning of our cases
clearly indicated that both family
members and health care workers not
only participated in these events but
were unlikely to use gloves and 'so
reported that body surfaces were con-
taminated by potentially infectious
fluids. Moreover, many participants
did not acknowledge use of postexpo-
sure precautions, such as hand and
skin washing.

Although it is likely that routine
blood and bady fluid precautions will
protect against such future events, strict
adherence o protective protocols is
mandatory even if communicability is
deemed unlikely. The lessons of this
study remain relevant to the daily hos-

©2008 American Medical Association. All rights reserved.
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pital and health care unit operations to
prevent any additional nosocomial out-
breals of HGA. Moreover, as China ad-
vances into its future, it must also now
become prepared to deal with the in-
creasing threat that tick-borne rickert-
sial pathogens have been already
brought to the United States and Eu-
rope.
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Nothing is more estimable than a physician who, hav-
ing studied nature from his youth, knows the prop-
erties of the human body, the discases which assail
it, the means which will benefit it, exercises his art
with caution, and pays equal atteution to the rich and
the poor.

—Volaire (1694-1778)
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