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UMAN GRANULOCYTIG ANAFPLAS-
mosis (HGA) is an emerging
tick-bore infectious disease
that was recognized in the
United States in 1990’ and in Europe in
1997.2 The disease name was changed
from human granulocytic ehrlichiosis to
HGA in 2001 when the causative rickett-
sia was reclasstfied from the genus ehli-
chiaas Anaplasme phagocytophilum? Al-

though the clinical presentation of HGA -

is variable and although it may be diffi-
cultto diagnose, the annual number of in-
fections reported in the United Statessince
1990 has steadily increased ** Seroepide-

For editorial comment see p 2308. '

" ©2008 Amcrican Medical Association. All rights reserved.

Context Human granulocytic anaplasmosis (HGA) is an emerging tick-borne disease in
China. A cluster of cases among health care workers and family membiers following ex-
posure to a patient with fulminant disease consistent with HGA prompted investigation.

Objective To investigate the origin and transmission of apparent nosocomial cases
of febrile illness in the Anhui Province,

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

Main Outcome Measure Cases with serological or PCR evidence of HGA were
compared with uninfected contacts to define the attack rate, relative risk of illness,

- 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 ievels were diagnosed with HGA by PCR for A phago-
cyfophifum 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} among 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 bload secretions, and 87.5% vs 0% (P=.004) among:thase teporting

_contact with respiratory secretions from the index patient.

Cenclusion ‘We report the identification of HGA in China and likely nosocomlal trans-
mission of HGA from direct contact with blood or resplratory secretions.

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

mielogical data suggest that infection rates
in‘endemic areas are as high as 15% to
36%,*¢implying that the diagnosisis of-
ten missed or that infection is mild or

asymptomatic. Because epidemiological,

clinical, and microbiological information

W jama.com

about HGA is limited, the disease is Jikely
underrecognized and underreported -
worldwide.”

Despite the pathogen'’s global distri-
bution, only a limited number of labo-
ratory-confirmed cases have been re-
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HUMAN GRANULOCYTIC ANAPLASMOSIS IN CHINA

ported from countries in Europe, where
thie median seroprevalence rate is 6.2%,
similar to that in North America.® Se-
rological and molecular evidence also
suggests that lnoman 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-huwinan

_ transmission.

METHODS
" Laboratory Diagnosis ‘
Patients suspected of HIGA exposure

were tested for serum IgG to A phago--

cytophilwin using the 1gG IFA kit (Fo-
cus Diagnostics, Cypress, California),
screening at a 1:64 dilution and titrat-
ing if reactive.’”” Nested polymerase
‘chain reéaction (PCR) using blood DNA
(QlAamp DNA Mini Kit, QIAGEN;
Hilden, Germany) was used ig detect
A phagocytophiluni DNA with Ana-
plasma and Ehrlichia genus-common
and A phagocylophilum species-
specific s primers (165 rRNA gene),’6
and A phagocytophilum species-
specific groEL primers.!” An 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 Institute for Communicable Dis-
ease Control and Prevention in Bei-
jing, and at the Anhui Province Center
for Disease Prevention and Contral in
Hefei city. Each laboratory used its own
primers, reagents, and patient blood
DNA. All samnples were tested concur-
rently with negative and no template
countrols (water) under the same con-
ditious. Polymerase chain reaction
samples from healthy people and nega-

- tive controls consistently had nega- .

tive results.

To exclude other 1n[ect10ns .sero-
logical, antigen detection, and PCR di-
agrostic tests 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, Fbola virus,
Marburg virus, Hantaan virus, Junin vi-

2264 JAMA, November 19, 2008——VYol 308, No. 19 (Reprinted)

rus, yellow fever virus, Crimean-

‘Congo hemorrhagic fever virus, cox-

sackievirus, respiratory syncytial virus,
adenovu’us Mycoplasma pneumoniae,
Chlamydia species, Ehrlichia species,
Rickettsia species, and Oricntia
tsutsugamushi.

Tests were also condueted on oro-
pharygeal swabs from the first 3 t0 5
days after onset for influenza A virus
antigens, and by PCR [or influenza A
viruses, influenza B virus, and influ-
enza virus subtype H5 nucleic acids.
Tests for acute-phase seram 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 {ever
virus, Ebola virus, Marburg virus, Han-
taan virus, Junin virus, yellow fever vi-
rus, and Crimean-Congo hemor-
rhagic fever virus.

Epidemiglogical Investigatian

-All contacts of the index patient, in-

cluding patients.with similar clinical

presentations and healthy persons, were’

interviewed before laboratory diagnos-

tie results were obtained. A possible case’

of HGA was defined as a patient with a
clinically compatible illness (fever,
headache, chills) and laboratory find-
ings including thtombocytopenia and
leukopenia but who lacked serologi-
cal or molecular tests for A phagocyta-
philum. A confirmed case was defined
as a patient with a clinically compart-
ible illness (as above) and in kecping
with the US Centers for Disease Con-
rrol and Prevention (CDC) criteria
(httpfwww cde.govincephifdisss/mndss
fcasedef/ehrlichiosis_2008.hun) by
either seroconversion, a 4-fold in-
crease in A phagecytophilum IgG anti-
body titer in acute and convalescent
sexra, or a positive PCR resuli for both.
A phagocyt()phﬂum rrs and groEL con-
firmed by dircet sequence analysis.™

Contact Questionnaire

All contacts of the index patient were
asked to complete a questionnaire about
their heal(l starus and profession; ex-

perience with tick bites; exposure to the
index paticnt—where, when, and how
they had contact; exposure (o wild ani-
mals; extent of cutdoor activity; expo--
sure to the index patient’s blood and
respiratory secretions or to grossly
bloody oropharyngeal secretions; pres-
ence of skin lesions during exposure;

whether skin surfaces were washied af-

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 S_ubiects
Review '

The study was apprdved by the echics
commuittee of China CDC, according to

‘the medical research regulations of Min-

istry of Health Chma Oral informed
consent was obtained Erom all study
par tlcxpants

Statistical Analysis

All statistical caleulations were per—
formed using Epi Info 6.04d (hitp:

" frerww.cde.gov/epiinfo). To idendly

specxfic exposure risk factors, retro-
spective cohort comparisons were
evaluated by calculating attack rates,

‘relative risk, and 95% confidence in-
. tervals and by Fisher exait test; signifi-

cance was defined as a 2-tailed P <.05.

RESULTS

Index Case

A 30-year-old womaun 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.
A9 P on November 3, she was admit-
ted 10 the local hospital because of gum
bleeding, facial edema, nausea, vornit-
ing, and oliguria, a temperature of
39.7°C, bleod pressure of 85/60 nm Hg,
and pulse rate of 96/min; a rash was

- noted over her wunk. Laboratory test-

ing showed leukopenia (white blood cell
count, 3300/pL), thrombocyropenia
{(platelet count, 18X 103%41L), elevated
serum aspartate aminotransferase

©2008 American Med'i_cai Association. All rights reserved.
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(629 U/L) and alanine aminotransfer-
ase (69 U/L), elevated creatnine (2.6 mg/
dL), and elevated blood urea nitrogen
(48 mg/dL}levels. Dipstick urinalysis re-
vealed 3% hematuria and 37 protein-
uria (protein, 3 g/L). (To convert aspar-
tate aminotransferase and alanine
aminotransferase to microkat per liter,
multiply by 0.0167; creatinine to mi-
.cromole per liter, by 88.4; and urea ni-
trogen to millimole per liter, by 0.357.)
Her coundition progressively deterio-
rated, so she was transferred to a re-

gional hospital at 11 AM, November 4. -
By 7 PuM, the patient became ob-'

winded, cyanotic, and purpuric and was
bleeding from hernose and mouth. This
extensive mouth and nose bleeding re-
- quired frequent aspiration and con-
taminated the working area suxfaces,
health eare workers, and family mem-
bers who were with her. Family mém-
bers assisted with patient care by wip-
ing blood from the patient’s mouth and
nose, rinsing and reusing the same tow-
els, By 7:38 PM the patiént developed
" rapidly progressive dyspnea and wors-
ening oxygen saturation and requited
endotracheal intubation. The patientre
" mained hypoxic and hypotensive with
muldorgan failure and copious bleed-
ing from the nose and mouth. Despite
all efforts, the patient died at 6:45 AM,
November 5, 2006. The final diagno-
sis wag 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 |
samples rernained for retrospective.

laboratory testing.

Rewospective questioning of the pa- -

tient's family revealed that she was bit-
ten by a tick 12 days before onset of fe-
ver: slie had killed several mice in her
home 9 days before onset, and her hus-
band had hunted and brought home
“wild animal carcasses™ 3 days before

onset of illness, A timeline of eventsis -

shown in the FIGURE.

Nosocomial Cases of HGA

Between November 9 and 17, 2006, 9
patents were identified at the reglonal
hospital with fever higher than 38.0°C

©2008 Americac Medical Association. Al rights reserved,
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{9 of 9 patients), myalgia (5 of 9),
diarthea (7 of 9), leukopenia (white
blood cell count, 1200-3700/pl. in' 8
of 9), thrombocytopenia (platelets,
39-1153 X 10°/L in all 9), and elevated
serum aspartate aminotransferase and
alanine aminotransferase (7 of 9)
{TABLE 1). All patients had coniact
with the index patient, including 5
family members, 2 physicians, and 2.
nurses who had accompanied or
treafed 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
November 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-
rhea 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 pneumonta and tu- -

berculosis during his hospitalization.
The other B patients were mildly 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
members and 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 hospiial, representing an attack
rate of 23%. All 9 cared 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.

Serclogical and Molecular
Diagnosis

Anaplasma phagocytophilum IgG sero-
conversions wete detected for all 9 pa-
tients, aud a $-fold 1gG titer increase
was observed in 7 of 9 patients
(Table 1). Nested PCR using genus-
cominon rré and species-specific rrs and
groEL primers identified A phagocyto-
philurn DNA in the bload samples from
all 9 patients when they were in the
acute phase, whereas all healthy and
template contrels had negative test ve-
sults. The identity of amplicons from
each of the 9 patients 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 groFL vwere.

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 TgM antibody 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 visk factors in 39 indi-
viduals, including 24 health care
workers and 15 family members
{TaBLE 2). Two family members who

(Reprinted) IAMA, November 19, 2005—Vol 300, Na. 19 2265
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R

-
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 Huran Granulytic Anaplasmosis
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