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Outbreak of HIV Infection Linked
to Nosocomial Transmission,
China, 2016—-2017

Xiaohong Pan,! Jianmin Jiang,* Qiaogin Ma, Jiafeng Zhang, Jiezhe Yang, Wanjun Chen,
Xiaobei Ding, Qin Fan, Zhihong Guo, Yan Xia, Shichang Xia,? Zunyou Wu?

On January 25, 2017, a physician from ZC Hospital in
Hangzhou, China, reported to the Zhejiang Provincial
Center for Disease Control and Prevention that a poten-
tial HIV outbreak might have occurred during lympho-
cyte immunotherapy (LIT) performed at the hospital on
December 30, 2016. We immediately began investigat-
ing and identified the index case-patient as an LIT pa-
tient’s husband who donated lymphocytes for his wife’'s
LIT and later screened HIV-reactive. Subsequent con-
tamination by a technician resulted in the potential ex-
posure of 34 LIT patients. Acute HIV infection was diag-
nosed in 5 persons. Phylogenetic analysis confirmed that
the HIV-1 gag, pol, and env gene sequences from the
index and outbreak-related cases had >99.5% similar-
ity. Rapid investigation and implementation of effective
control measures successfully controlled the outbreak.
This incident provides evidence of a lapse in infection
control causing HIV transmission, highlighting the need
for stronger measures to protect patients from infectious
disease exposure.

ymphocyte immunotherapy (LIT) to treat recurrent

miscarriage involves receipt of lymphocytes to a
patient from a donor, usually the patient’s male partner.
Although the European Society of Human Reproduction
and Embryology (1), the Royal College of Obstetricians
(2), and the American College of Obstetricians and Gyne-
cologists (3) have issued clear guidance against LIT, sup-
ported by a 2014 Cochrane review (4), more recent meta-
analyses support its use (5,6), as do 4 newer intervention
control studies conducted in China (7-10). Although the
number of LIT recipients in China is estimated to be large,
no statistics are available. Within China’s healthcare

Author affiliations: Zhejiang Provincial Center for Disease Control
and Prevention, Hangzhou, China (X. Pan, J. Jiang, Q. Ma, J.
Zhang, J. Yang, W. Chen, X. Ding, Q. Fan, Z. Guo, Y. Xia, S. Xia);
National Center for AIDS/STD Control and Prevention, Beijing,
China (Z. Wu); University of California, Los Angeles, California,
USA (Z. Wu)

DOI: https://doi.org/10.3201/eid2412.180117
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system, LIT is a category Il medical service, meaning
that each hospital regulates itself (11).

On January 24, 2017, a woman receiving LIT at ZC
Hospital in Hangzhou, China, called a hospital staff mem-
ber, Dr. X, asking if she had risk for HIV infection. She
explained that her husband had just received a confirmed
diagnosis of HIV infection and that on December 30,
2016, she had received LIT using lymphocytes her hus-
band donated. Dr. X immediately reported this informa-
tion to the hospital’s deputy director, who informed the
clinical medical laboratory director, Dr. Y. At =4:00 pm
the same day, Dr. Y informed the responsible laboratory
technician, Dr. Z, and requested that she stop LIT. One
hour later, Dr. Z voluntarily reported to Dr. Y that she had
deviated from protocol on December 30 and that other
patients who received LIT on the same day might have
been exposed. At 5:30 pMm, the director of ZC Hospital
called an emergency meeting with department directors,
who decided to request help from the Zhejiang Provin-
cial Center for Disease Control and Prevention (Zhejiang
CDC). On January 25, 2017, Zhejiang CDC epidemiolo-
gists began investigating a possible HIV outbreak among
LIT recipients at ZC Hospital. We report on the inves-
tigation conducted, control measures implemented, and
outcomes observed.

Methods

The potential HIV outbreak at ZC Hospital was declared
a public health emergency, and a formal investigation be-
gan on January 25, 2017, supported by provincial (Zheji-
ang Health Commission and Zhejiang CDC) and national
(National Health Commission and National Center for
AIDS/STD Control and Prevention, Chinese Center for
Disease Control and Prevention [China CDC]) authori-
ties and resources. Neither institutional review board ap-
proval nor individual informed consent was required for
the investigation. Routine informed consent for HIV,

These first authors contributed equally to this article.
2These senior authors contributed equally to this article.
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hepatitis B virus (HBV), hepatitis C virus (HCV), and syph-
ilis testing (oral or written) and for contact tracing (oral)
was obtained.

Case Definition, Case Finding, and Contact Tracing

We defined an outbreak-related case as a newly diagnosed
laboratory-confirmed HIV infection, with evidence of
acute infection suggesting occurrence of transmission on
December 30, 2016, among women who had received LIT
at ZC Hospital that day or their secondary contacts, with
HIV gene sequence highly related to that of the index case-
patient. Initial case finding began among all women who
received LIT at ZC Hospital on December 30. A trained
public health specialist conducted interviews on HIV risk
behavior during December 30, 2016-January 25, 2017, to
assess the possibility that HIV infection had been acquired
by means other than LIT and that HIV already had been
transmitted to others.

HIV, HBV, HCV, and Syphilis Testing

All potential outbreak-related case-patients and their
contacts were provided free testing and counseling at ZC
Hospital. Persons in whom HIV infection was diagnosed
were referred to treatment. For HIV, serologic screening
was conducted at ZC Hospital’s laboratory using the
Anti-HIV (1+2) 4th-generation antigen/antibody enzyme
immunoassay (EIA) kit (Shanghai Kehua Bio-Engineering,
Shanghai, China) and the HIV 1/2/O Tri-Line HIV Rapid
Test Device (ABON Biopharm, Hangzhou). If reactive,
new venous blood specimens were collected and sent to
the Hangzhou Center for Disease Control and Prevention
laboratory for confirmatory serologic testing by Western
blot (WB; MP Biomedicals, Singapore). In parallel,
plasma specimens were sent to the Zhejiang CDC, where
HIV nucleic acid testing was conducted using COBAS
AmpliPrep/COBAS TagMan HIV-1 Test v2.0 kits (Roche,
Branchburg, NJ, USA).

HBV, HCV, and syphilis testing were performed at ZC
Hospital’s laboratory. For HBV, samples were screened
for 5 indicators (i.e., hepatitis B surface antigen, hepatitis
B surface antibody, hepatitis B e-antigen, hepatitis B
e-antibody, hepatitis B c-antibody) using EIA kits (InTec
Products, Xiamen, China). For HCV, samples were screened
for antibodies using an EIA kit (Zhuhai Livzon Diagnostics,
Zhuhai, China). For syphilis, samples were initially
screened by Toluidine Red Untreated Serum Test (TRUST,
Shanghai Rongsheng Biotech, Shanghai, China). Reactive
samples were confirmed by Treponema pallidum particle
agglutination assay (Fujirebio Inc., Nagasaki, Japan).

Laboratory Audit

An audit of the hospital laboratory began immediately on
January 25 and lasted 6 days. It was conducted by 3 trained

2142

compliance specialists and 3 public health officials from
independent institutions. They thoroughly reviewed all
relevant records: staffing, training, qualification, certifica-
tion, security, inventory, equipment, LIT protocol, compli-
ance, supervision, and infection control procedures, as well
as records generated during the execution of LIT-related
procedures. The audit also included private interviews
with all laboratory staff and direct observation of staff re-
hearsing LIT procedures; investigation of other potential
violations of protocol that might have caused nosocomi-
al transmission; and a check of baseline laboratory tests
for HIV, HBV, HCV, and syphilis for all 34 women and
their husbands.

Molecular Phylogeny Analysis

All HIV sequencing was performed at the Zhejiang CDC
laboratory using plasma specimens. Two technicians in
separate laboratory areas extracted HIVV RNA from speci-
mens, each using a different method: one used the QIAamp
Viral RNA Mini Kit (QIAGEN, Hilden, Germany), the
other a viral RNA/DNA extraction kit on an automatic ex-
traction platform (Suzhou Tianlong, Suzhou, China). Par-
tial sequences for the HIV genes gag, pol, and env were
amplified by reverse transcription PCR and nested PCR us-
ing GUX/GDX primers for gag, 5 different pairs of primers
for pol, and M13F/M13R primers for env. PCR products
were confirmed by 1% agarose gel electrophoresis and then
purified and sequenced.

We analyzed sequences with Sequencher v5.0 (Gene
Codes Corporation, Ann Arbor, MI, USA), examined them
for similarity, and aligned them to reference sequences us-
ing BioEdit v7.2.0 (Ibis Therapeutics, Carlsbad, CA, USA).
Two sets of reference sequences for each gene were selected
for comparison to outbreak-related consensus sequences.
The first set was international reference sequences obtained
from the Los Alamos National Laboratory (https://www.
hiv.lanl.gov). The second was representative of strains cir-
culating in the area at the time of the outbreak. We used the
neighbor-joining tree method (Kimura 2-parameter model)
to determine HIV subtype and phylogenetic relationships
and genetic distance between sequences. Two technicians
blindly and independently analyzed 2 specimens from each
patient. Neighbor-joining phylogenetic trees were con-
structed using MEGA 6.0 (https://www.megasoftware.net)
with 1,000 replicate bootstrap alignments. We defined a
transmission cluster as having a bootstrap value >90% and
a mean genetic distance of <0.015.

Results
Epidemiologic Investigation

Mrs. PO, age 36, is the wife of the index-case patient, PO,
and had been enrolled in LIT starting June 21, 2016. At

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 24, No. 12, December 2018



enrollment, PO and Mrs. PO both underwent behavioral
health screening, physical examination, and HIV testing
(both tested HIV negative). Mrs. PO received LIT on July
19, August 16, September 13, October 14, November 11,
December 2, and December 30, 2016, at ZC Hospital,
each time with lymphocytes donated by her hushand
3 days before her LIT dates. Later in the day after her
December 30 treatment, Mrs. PO learned that her husband
had screened HIV reactive. On December 31, Mrs. PO went
to XX Hospital in Hangzhou, which treats persons living
with HIV, where she informed the physician she had just
discovered she was pregnant and had great concern about
possible exposure to HIV by LIT because her husband had
just screened HIV-reactive, which she worried she might
transmit to her unborn baby. She was strongly encouraged
to immediately begin postexposure prophylaxis (PEP),
using a regimen of 3 antiretroviral medications (tenofovir,
lopinavir/ritonavir, and lamivudine) for 4 weeks. She
started PEP the same day.

Upon attending antenatal care shortly thereafter, Mrs.
PO tested negative for HIV, HBV, HCV, and syphilis. On
January 24, 2017, after her husband received a confirmed
diagnosis of HIV infection, Mrs. PO alerted staff at ZC
Hospital that she was concerned she was exposed to HIV
via LIT on December 30, 2016; this report was the initiating
event that sparked the outbreak investigation. As part of the
investigation, Mrs. PO was followed and regularly tested for
HIV, HBV, HCV, and syphilis. All results were repeatedly
negative. Her PEP regimen was converted to a prevention
of mother-to-child transmission (PMTCT) program (same
medicines extended to 8 weeks after delivery).

HIV Infection Linked to Nosocomial Transmission

Mrs. P0O’s baby was born on July 9, 2017, and Mrs. PO
stopped all use of antiretroviral therapy (ART) on the same
day. Her most recent HIV screening test was performed on
March 9, 2018, at 9 months since she stopped ART and >14
months since her exposure. Her results remained negative.

Index Case-Patient

PO was the 40-year-old husband of Mrs. PO. Public
health workers constructed a 2-month timeline related
to his HIV exposure and testing (Figure 1). His most
recent negative HIV screening result was on November
27, 2016. The residual specimen was retested using a
4th-generation antigen/antibody test during the investi-
gation and confirmed negative. The exposure event that
probably led to PO’s HIV infection was traced to Decem-
ber 1, 2016, when he had condomless, receptive anal sex
with a man he did not know at a gay bathhouse. Approxi-
mately 2 weeks later, fever developed, and he began to
suspect HIV infection.

PO went to the Yiwu CDC for HIV testing on Friday,
December 23, but his specimen was not tested until De-
cember 29 (HIV testing by both antibody-only and anti-
body/antigen EIA is only performed on Thursdays at Yiwu
CDC). He was not informed of his reactive result until on
December 30, at which time he was encouraged to return
for confirmatory testing. However, PO instead sought re-
screening at another facility. He returned for confirmatory
testing on January 3, 2017. His first WB result was indeter-
minate (gp160/p24). His second result (using a new speci-
men obtained on January 23) was positive (gp160/gp120/
p66/p31/p24), and his viral load (VL) was 121,000 copies/

Figure 1. Timeline of HIV exposure and HIV diagnosis of the index case-patient, PO (blue), and the HIV exposure of his wife, Mrs. PO
(orange), Hangzhou, China, November 27, 2016-January 24, 2017. CDC, Center for Disease Control and Prevention; LIT, lymphocyte

immunotherapy; P, patient; WB, Western blot.

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 24, No. 12, December 2018
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mL. PO was informed of his HIV diagnosis on January 24
and started treatment the next day. He tested negative for
HBV, HCV, and syphilis. Investigators determined that PO
made no other donations of fluids, cells, or tissues after his
exposure on December 1, 2016.

Laboratory Investigation

The audit of the LIT laboratory resulted in 5 main find-
ings. First, although the appropriate protocol was used
and requires that each disposable sterile tube for lympho-
cyte processing is used only once, the laboratory expe-
rienced a shortage of these tubes for 1 day on December
30. To provide LIT to 34 women, >136 tubes were need-
ed (34 for moving lymphocytes from culture containers
to washing plates and 102 for washing the 34 cultures 3
times each). Approximately 100 tubes were available on
December 30. Second, instead of stopping and calling
this issue to the attention of a supervisor, the laboratory
technician processing donated lymphocytes for LIT on
December 30 deviated from protocol and reused tubes.
Deviations occurred in 2 procedures: tubes were used re-
peatedly for moving lymphocytes from culture contain-
ers to washing plates and for washing the lymphocyte
cultures. Third, the technician failed to properly docu-
ment the work performed and upon interview, admitted
to reusing disposable tubes “a few times,” but could not
remember how many times or for which couples. Fourth,
no deviation occurred on December 27 that could have
caused contamination during blood specimen collection,
lymphocyte separation, or lymphocyte culturing. Final-
ly, LIT was performed at ZC Hospital only ~1 time each
month. No LIT had yet been conducted during December
30, 2016-January 25, 2017. No evidence of these failures,

or other failures that could have similarly resulted in
nosocomial transmission of HIV, was found before De-
cember 30 or during December 31-January 25.

The auditors concluded that lymphocyte processing
deviated from the protocol on December 30 and that the
technician responsible contaminated an unknown number
of patients’ prepared lymphocytes on December 30 with
lymphocytes from the index case-patient. Thus, all patients
who received LIT on December 30 should be tested as if
they had potentially been exposed. Auditors recommended
that all the women and their husbands be tested for HIV,
HBV, HCV, and syphilis.

Contact Tracing

Along with Mrs. PO, 33 other women received LIT at ZC
Hospital on December 30. A medical records review found
that all 33 had tested negative for HIVV, HBV, HCV, and
syphilis before beginning LIT in 2016. None reported
any HIV risk behavior other than sexual contact, and
none reported sexual contact with anyone other than their
husbands. All 33 women (possible primary contacts) and
their husbands (possible secondary contacts) were tested
for HIV, HBV, HCV, and syphilis. Five cases of HIV were
found (Figure 2).

Case-Patient 1

P1, age 35 (not pregnant) at the time of the investigation,
received LIT at ZC Hospital on November 4, December
2, and December 30, 2016. She reported having fever,
sore throat, and other symptoms, for which she had been
given penicillin at a local clinic for a suspected bacterial
infection. HIV serologic results were nonreactive, but
virologic results were positive with VL of 756,000 copies/

Figure 2. Timeline of HIV exposure, symptoms, diagnosis, and treatment initiation for the 5 HIV-infected women during nosocomial HIV
outbreak, Hangzhou, China, December 30, 2016—February 9, 2017. ART, antiretroviral therapy; LIT, lymphocyte immunotherapy;

P, patient; WB, Western blot.
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mL on January 26, 2017, suggesting acute infection. Later
confirmatory WB result was positive (gp160/gp120/p41/
p24). P1 was informed of her diagnosis on January 29, and
she initiated ART the next day.

Case-Patient 2

P2, age 28 and pregnant (10 weeks’ gestation) at the time
of the investigation, received LIT at ZC Hospital on July
22, August 19, September 16, October 14, November
11, December 9, and December 30, 2016. She reported
symptoms including headache, dizziness, and fever but
sought no care. HIV screening results were nonreactive,
but virologic results were positive with VL of 8,920,000
copies/mL on January 25, 2017, suggesting acute infection.
Confirmatory WB result was positive (gp160/gp120/p24).
P2 was informed of her HIV diagnosis, and she enrolled in
PMTCT and initiated ART on January 30.

Case-Patient 3

P3, age 34 (not pregnant) at the time of the investigation,
received LIT at ZC Hospital on October 10, November
4, December 2, and December 30, 2016. She had muscle
soreness and fever but did not seek care. HIV screening
results were nonreactive; however, virologic results were
positive with VL of 841,000 copies/mL on January 26,
2017, suggesting acute infection. Confirmatory WB result
was positive (gp160/gp120/p24) on January 31, and she
was informed of her diagnosis on the same day. She began
ART on February 9, 2017.

Case-Patient 4

P4, age 28 and pregnant (17 weeks’ gestation) at the
time of the investigation, received LIT at ZC Hospital on
March 4, April 1, April 29, May 27, June 24, July 29,
August 19, November 18, December 9, and December 30,
2016. She reported symptoms including feeling cold and
red allergy-like spots on her chest but did not see a doctor.
HIV screening results were nonreactive, but virologic
results were positive with VL of 3,000,000 copies/mL
on January 31, 2017, suggesting acute infection. First
confirmatory WB result was indeterminate (gp160/p24);
second was positive (gp160/gp120/p24). P4 was informed
of her diagnosis, enrolled in PMTCT, and initiated on
ART on February 2.

Case-Patient 5

P5, age 34 (not pregnant) at the time of the investigation,
received LIT at ZC Hospital only on December 30, 2016.
She reported no symptoms. HIV screening results were
nonreactive, but virologic results were positive with VL of
6,460,000 copies/mL on January 26, 2017, suggesting acute
infection. First confirmatory WB result was indeterminate
(gp160), but the second was positive (gp160/gp120/p24).
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P5 was informed of her diagnosis and initiated ART on
February 9.

Other Contacts

The remaining 29 women, including Mrs. PO, the wife of
the index case-patient, all had multiple negative serologic
and virologic results during follow-up (Table 1, https://
wwwnc.cdc.gov/ElD/article/24/12/18-0117-T1.htm).
None had HBV, HCV, or syphilis.

Although all 33 husbands were tested initially, 3
husbands of the 5 women with newly diagnosed HIV
infection, all of whom who reported sexual contact with
their wives after December 30, 2016, were followed and
provided HIV serologic and virologic testing, as well as
HBV, HCV, and syphilis testing. All results were negative.
Additionally, the infants of Mrs. PO (born July 9, 2017), P2
(born August 14, 2017), and P4 (born July 3, 2017) were
tested for HIV by early infant diagnosis (EID; by PCR) and
were HIV-negative.

Phylogenetic Investigation

The HIV sequences derived from the index case-patient
and the 5 women with newly diagnosed HIV infection
shared a very high degree of similarity: mean of 99.95%
for gag, 99.48% for pol, and 99.92% for env (Table 2).
The gag and pol sequences were consistent with HIV-
1 subtype CRFO1_AE, and env sequences were subtype
as C, indicating that all 6 persons were infected with a
recombinant CRF01_AE/C strain. Phylogenetic trees of
gag, pol, and env sequences (Figure 3) indicate a very
close genetic relationship between the virus present in the 5
women with newly diagnosed infection and the index case-
patient. The sequences of all 3 genes map to monophyletic
clusters in 100% of bootstrap replicates with genetic
distances of <0.015.

Summary of Outbreak Response

In response to this outbreak, the National Health
Commission immediately suspended all LIT services
nationwide, and all 34 couples involved were provided
counseling and support. The epidemiologic investigation
found that a lymphocyte donor (P0) had become infected
with HIV before donation on December 27 and that
laboratory contamination occurred on December 30,
which together caused 5 women to become infected
with HIV. HIV phylogenetic investigation confirmed the
causal relationship. All 5 women had initiated ART as
of February 9, 2017, only 15 days after the investigation
began. All remaining 29 women who initially screened
nonreactive and the husbands of the 5 infected women
were followed up for 6 months; no additional HIV
infections were found. The 3 pregnant women were
provided PMTCT; their newborn infants were followed
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Table 1. Interval between HIV exposure and follow-up HIV tests for the 37 persons followed up after initially screening HIV-nonreactive
in investigation of nosocomial HIV outbreak, Hangzhou,China, 2016—-2017*

Days between HIV exposure and follow-up HIV tests

Potential contact 1st test 2nd test 3rd test 4th test 5th test 6th test 7th test 8th test
Primaryt
Mrs. POt 24 29 45 68 103 130 191 464
Q1 28 48 82
Q2 28 58 86 186
Q3 27 29 59 84 182
Q4 28 58 86 192
Q5 28 45 86 192
Q6 28 56 94 188
Q7 27 28 57 99 211
Q8 29 58 100 189
Q9 27 57 45 85
Q10 27 28 60 93 187
Q11 28 64 106 202
Q12 29 55 83 185
Q13 27 29 58 89
Q14 27 35 62 92 199
Q15 27 33 64 93 212
Q16 27 45 93
Q17 27 33
Q18 27 34 59 90 189
Q19 27 33 63 91 187
Q20 28 60 90 194
Q21 30 55 80 192
Q22 31 45 93 186
Q23 31 53 81 188
Q24 33 55 89 187
Q25 32 63 92 196
Q26 33 63 95 189
Q27 33 47 97 193
Q28 33 60
Secondary81
P3's husband 7 30 57 97 182
P4’s husband 11 28 52 98 180
P5’s husband 2 18 25 32 60 196
Infant PO 3 42 90 242
Infant P2 3 43
Infant P4 1 44

*First HIV test was conducted using both nucleic acid testing and EIA. All subsequent HIV tests were conducted using EIA only. Blank cells indicate no
further HIV test. EIA, enzyme immunoassay; LIT, lymphocyte immunotherapy; P, patient infected with HIV; Q, women who might have been exposed to

HIV but were not infected.

tBeginning of the time interval was counted from contaminated LIT at ZC Hospital on December 30, 2016.
FMrs. PO is the wife of the index case-patient, PO. She is continuing to be followed once a year for at least 3 years since she discontinued antiretroviral

therapy. Her most recent HIV test, on March 9, 2018, was again negative.

§For husbands, beginning of the time interval was counted from the most recent sexual contact with the wife from the wife’s exposure on December 30,
2016, through the start of the investigation on January 25, 2017. Husbands received both serologic (4th-generation Ag/Ab EIA, Shanghai Kehua Bio-
Engineering, Shanghai, China) and virologic testing (HIV-1 RNA, COBAS AmpliPrep/COBAS TagMan HIV-1 Test v2.0, Roche, Branchburg, NJ, USA).
fFor infants, beginning of the time interval was counted as the date of birth. The first 3 HIV tests for infants were early infant diagnosis tests by a standard
nucleic acid testing protocol. The fourth test for infant PO was a 4th-generation Ag/Ab EIA.

up, and no HIV infection was found. The laboratory
technician was sentenced to 2.5 years in prison. The
hospital director, deputy director, and division chief
accountable for the laboratory were dismissed. LIT
services were suspended until a new guideline was
issued on December 22, 2017 (12).

Discussion

These epidemiologic and phylogenetic investigations used
techniques similar to those used during HIV outbreak in-
vestigations including a famous case of a Florida, USA,
dentist (13-16); several criminal cases (17-20); a prison
outbreak in Scotland, UK (21); 2 nosocomial outbreaks

Table 2. Similarity of HIV genetic sequence of viral nucleic acid from the index case-patient and the 5 women infected by during

nosocomial HIV outbreak, Hangzhou, China, 2016—2017

Sequence similarity, %

Region Case-patient 1 Case-patient 2 Case-patient 3 Case-patient 4 Case-patient 5 Mean
gag 99.70 100.00 100.00 100.00 100.00 99.95
pol 99.50 99.40 99.50 99.50 99.50 99.48
env 100.00 100.00 100.00 100.00 99.60 99.92
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Figure 3. Phylogenetic trees showing relationships between HIV-1 gene sequences from index case-patient and 5 women infected
during nosocomial HIV outbreak, Zhejiang Province, China, 2016—2017, and reference sequences. Bootstrap values >90% only are
shown for gag sequences (A), pol sequences (B), and env sequences (C). Triangles indicate index case-patient (PO) and 5 women
found to have HIV infection (P1-5); dots indicate international reference sequences. Scale bars indicate nucleotide substitutions per site.

P, patient.

(22,23); and a recent outbreak in Indiana, USA, associated
with injection drug use (24). These investigations identi-
fied PO as the index case-patient for this nosocomial HIV
outbreak and demonstrate that deviation from protocol and
lapse in infection control during LIT were the cause. We
have yet to detect HIV infection in Mrs. PO, the wife of the
index case-patient, suggesting that her immediate initiation
of PEP might have averted infection. However, we are un-
able to definitively determine Mrs. PO’s HIV status because
she has been followed for only 9 months since she discon-
tinued ART, and evidence of viremic rebound nearly 30
months after ART cessation was observed in the case of a
child in Mississippi, USA (25,26). These results underscore
the critical importance of quickly investigating a suspected
outbreak. Among the 34 women potentially exposed, only
5 acquired infections, and potential onward transmission of
HIV to their husbands and infants was averted.

This study was subject to at least 2 limitations. First,
follow-up HIV testing for the 29 potentially exposed women
was voluntary, and some declined to have third and fourth
HIV tests. For example, Q17 was followed up at 27 days
(with nucleic acid testing and antigen/antibody EIA) and 33
days (antigen/antibody EIA only) and, although unlikely, it
is possible that she had undetected HIV infection. Second, as
noted, we were unable to definitively ascertain Mrs. PO’s HIV
status within the scope of this study. Hence, HIV infection
linked to this outbreak might not yet have been diagnosed.

The results of this outbreak investigation offer im-
portant lessons that China must not ignore. First, the
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unacceptably long process of HIV diagnosis in China di-
rectly contributed to this outbreak. Ample evidence of the
substantial benefit of streamlining and accelerating Chi-
na’s HIV care continuum already exists (27-29). How-
ever, although a rapid 1-visit testing, diagnosis, clinical
staging, and ART initiation protocol has been adopted,
China must accelerate the pace at which these changes are
implemented if it is to avoid another, similar outbreak.

Second, China must implement more frequent and
thorough training for medical professionals on the risks of
nosocomial HIV transmission. The finding that Mrs. PO’s
attending physician at XX Hospital was concerned enough
to start her on PEP but not to alert public health officials
and the finding that the laboratory technician did not con-
sider reusing sterile tubes to be unsafe both indicate that
education about the risks for nosocomial HIV transmission
is still lacking. China must act quickly to fill this gap.

Finally, laboratories in medical settings must be
placed under stricter controls. Immediate supervision and
monitoring and thorough and frequent laboratory audits
should be implemented immediately in China’s medical
laboratories. A high level of vigilance in the medical
laboratory setting is critical if China is to prevent similar
future nosocomial outbreaks.
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Americas. After the introduction of West Nile virus in 1999,
activity of SLEV decreased considerably in the United States.
During 2014-2015, SLEV caused a human outbreak in Ari-
zona and caused isolated human cases in California in 2016
and 2017. Phylogenetic analyses indicate that the emerging
SLEV in the western United States is related to the epidem-
ic strains isolated during a human encephalitis outbreak in
Cérdoba, Argentina, in 2005. Ecoepidemiologic studies sug-
gest that the emergence of SLEV in Argentina was caused by
the introduction of a more pathogenic strain and increasing
populations of the eared dove (amplifying host).
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he disease known as St. Louis encephalitis (SLE) is

caused by St. Louis encephalitis virus (SLEV), identi-
fied as the causative agent of a mosquitoborne viral epi-
demic in St. Louis, Missouri, USA, during the summer
of 1933 (1). SLEV is transmitted by numerous mosquito
species in the genus Culex and is amplified by passerine
and columbiform avian species (1). Phylogenetic analysis
based on the full-length E gene sequences grouped SLEV
strains into 8 genotypes (2). Genotypes | and Il are preva-
lent in the United States and genotype V is widely distrib-
uted in South America. Other genotypes have limited dis-
tribution: genotype III is in southern South America, IV is
limited to Colombia and Panama, V1 is in Panama, VIl is in
Argentina, and VIII has been detected only in the Amazon
region of Brazil (2).

A retrospective analysis revealed that 38 human cas-
es and 14 deaths were caused by SLEV in Paris, Illinois,
USA, during the summer of 1932 (3). A 1933 SLE epidem-
ic resulted in 1,095 clinical human cases and 201 deaths
(3). Because subclinical cases are not identified or reported,
retrospective serosurveys were conducted to determine the
ratio of subclinical to clinical infections, which was deter-
mined to be 300:1 (3). Using this ratio, the actual number
of SLE cases during the 1933 SLE epidemic was ~328,500,
affecting nearly 40% of the city’s 821,960 inhabitants,
based on US census data for 1930 (4).

Since SLEV was first identified, 4 human SLE trans-
mission scenarios have been reported (5). First, during
most years, no human SLE infections are reported. How-
ever, SLEV transmission to sentinel animals and virus iso-
lation from mosquito pools is documented in the absence
of human cases. Second, small numbers of spatially and
temporally isolated human SLE cases occur. For example,
in 1993, 8 human SLE cases were reported in Lee and Col-
lier counties, Florida, USA; 5 of the cases reported onset
during October (6). Third, sporadic transmission occurs as
widely dispersed (temporally and spatially) individual hu-
man cases. For example, in 1997, 9 human SLE cases were
reported from 6 Florida counties, ranging from Brevard
County on the central Atlantic Coast south to Lee County
on the southern Gulf Coast. Onset for these cases ranged
from July through late October (6). Finally, epidemic trans-
mission occurs as focused (in space and time) clusters of
human clinical cases: for example, an extensive 1975 epi-
demic that occurred along the Mississippi and Ohio River
basins from Ontario, Canada; Cleveland, Ohio; and Chi-
cago, lllinois, in the north to Birmingham, Alabama, and
Mississippi in the south. Well-documented SLE outbreaks
include the 1933 St. Louis epidemic and the 1959, 1961,
1962, 1977, and 1990 epidemics in southern Florida. Other
epidemics of note occurred in St. Louis (1937); Hidalgo
County, Texas (1954); High Plains, Texas; Louisville, Ken-
tucky; and Cameron County, Texas (1956); and Houston,
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Texas (1964). There was also a 1990 SLE epidemic in Flor-
ida (5), and, most recently, a 2015 epidemic in the Phoenix
area of Arizona (Figure 1).

Epidemics of SLE are promoted by environmental
factors including summer temperature, rainfall, snowmelt,
and surface water conditions (7,8). One of the most notable
environmental drivers for SLEV activity is the cycling
of rainfall and drought. The wet—dry cycle can affect the
epidemiology of SLEV by forcing gravid floodwater Culex
vectors to delay oviposition long enough to complete viral
development (extrinsic incubation) in a single gonotrophic
cycle, thus making them capable of viral transmission
during their second blood meal (8). Drought has also been
linked to urban SLE and West Nile virus (WNV) epidemics
involving vectors in the Cx. pipiens complex (9).

Transmission Cycles

The 4 primary vectors of SLEV in the United States are
Cx. pipiens pipiens Linnaeus, Cx. pipiens quinquefasciatus
Say, Cx. tarsalis Coquillett, and Cx. nigripalpus Theobald
mosquitoes (1). Vector species distribution determines the
geographic distribution of SLEV, and affects whether epi-
demics are urban or rural. Urban SLE epidemics usually
involve Cx. pipiens pipiens and Cx. pipiens quinquefas-
ciatus (Cx. pipiens complex) mosquitoes, species that ovi-
posit in the permanent aquatic habitats provided by storm
drains, sewage treatment facilities, and wastewater reten-
tion ponds. Rural SLE epidemics usually involve floodwa-
ter species, such as Cx. tarsalis and Cx. nigripalpus mos-
quitoes (1). Urban and rural epidemic transmission patterns
are best demonstrated by the history of SLE in Florida,
where urban human SLEV cases were detected in Miami
in 1952 and 1954, followed by St. Petersburg in 1959,
Tampa in 1961, and Sarasota in 1962. In 1977, SLEV epi-
demic transmission in Florida shifted from urban to rural
areas (7). The 1977 and 1990 Florida SLE epidemics both
started in Indian River County and then spread throughout
the Florida peninsula (7). The temporal shift from urban
to rural epidemic transmission in Florida was facilitated
by changes in Cx. nigripalpus oviposition preference and
behavior. The Cx. nigripalpus mosquito is a widespread
subtropical species and a highly opportunistic blood feeder
that oviposits in freshly flooded temporary aquatic habitats.
In urban habitats, Cx. nigripalpus mosquitoes oviposit in
wastewater retention ponds and open wastewater outflow
ditches (10). The shift to rural transmission in 1977 and
1990 was facilitated by an increase in citrus farming, as cit-
rus groves were designed to be maintained by flood irriga-
tion (10). In the 1970s through the 1990s, rural citrus grove
drainage furrows became the preferred oviposition site for
Cx. nigripalpus mosquitoes (11). The proclivity of Cx.
nigripalpus mosquitoes to blood-feed on birds as well as
mammals and the tendency of females to delay oviposition
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until the proper aquatic oviposition habitats are created
by heavy summer rainfalls make it an excellent vector of
SLEV (11).

The introduction of WNV into the United States in
1999 promoted debate about how the presence of WNV
would affect the continued transmission of SLEV, given
the serologic cross-reactivity of the 2 viruses in avian
hosts. Laboratory studies demonstrated that house finches
(Haemorhous mexicanus) experimentally infected with
WNV developed neutralizing immunity that prevented
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Figure 1. Geographic distribution
of historical St. Louis encephalitis
human cases reported in the
Americas through November
2017. Dot size represents

the number of human cases
reported in each episode. Colors
represent year of detection.

infection after rechallenge with WNV or SLEV (12). In
contrast, house finches first exposed to SLEV showed low-
er subsequent viremias after rechallenge with WNV. This
suggests that WNV could competitively exclude SLEV
from amplification in shared avian hosts like house finches
(13). Indeed, transmission of SLEV in Florida decreased
notably following the introduction and establishment of
WNV (13). For competitive exclusion to suppress SLEV
transmission, considerable host overlap between SLEV and
WNV must occur. In Florida, avian species in the families
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Cardinalidae (northern cardinal, Cardinalis cardinalis),
Columbidae (mourning dove, Zenaida macroura), Corvi-
dae (blue jay, Cyanocitta cristata), and Icteridae (common
grackle, Quiscalus quiscula) are frequently exposed to
SLEV (14). For WNV, house sparrows (Passer domesti-
cus) and blue jays are highly infectious to mosquitoes; in
contrast, mourning doves were found to be 1 of the least
competent WNV hosts of 25 bird species examined ex-
perimentally (15). Even if mourning doves are poor WNV
hosts, being exposed to WNV may provide cross neutral-
ization to SLEV and preempt amplification of SLEV, pro-
vided that doves are exposed to WNV early in the transmis-
sion season. In California, sparrows, finches, and corvids
(house finch, house sparrow, purple finch [Haemorhous
purpureus]); song sparrow (Melospiza melodia); western
scrub jay (Aphelocoma californica); and white-crowned
sparrow (Zonotrichia leucophrys) are considered major
amplifying hosts of WNV and SLEV (1,16). As in Florida,
host overlap of WNV and SLEV likely contributed to the
initial disappearance of SLEV from the western United
States (17). Of these avian hosts, only house sparrows,
house finches, American crows (Corvus brachyrhynchos),
and western scrub jays were found to be amplifying hosts
capable of developing viremias above the threshold for in-
fection of Cx. tarsalis, the principal vector of WNV and
SLEV throughout much of California (16). Further work
is needed to characterize the specific avian hosts fed on by
Cx. pipiens quinquefasciatus and Cx. tarsalis mosquitoes
in epidemic and nonepidemic settings to determine whether
additional host species may be involved in amplification of
SLEV and to what degree host overlap contributes to the
competitive exclusion or reemergence of SLEV in areas of
the United States outside California.

Since the introduction of WNV into the United States,
human SLE cases continue to occur throughout the coun-
try. During 2004-2013, 92 clinical SLE cases were report-
ed (18). Most cases were located in the Gulf Coast states of
Louisiana (10 cases), Mississippi (13 cases), and Texas (16
cases). During 2014-2016, a total of 32 human SLE cases
were reported (19). Most of these cases were reported in
the Phoenix area, where a SLE epidemic resulted in 23 con-
firmed human cases, including 1 fatality (19). SLEV has
remained endemic throughout much of the United States
despite the introduction and establishment of WNV.

Emergence and Reemergence in South America

Historically, SLEV has not been considered a major public
health threat in the Americas, other than in the United States.
Human SLE cases have been reported sporadically through-
out Latin America, but no human epidemics were reported
until 2005. In Argentina, Charosky et al. (20) reported a neu-
rologic human SLEV case in 1968. Two years later, Mettler
et al. (21) isolated SLEV from a febrile human suspected
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to have Argentinean hemorrhagic fever. Human encephali-
tis cases were reported sporadically until 2005, when an un-
precedented outbreak of SLE was reported in Cérdoba City,
Argentina (22). During this outbreak, signs and symptoms
associated with a neurologic infection, including headache,
sensory depression, temporal—spatial disorientation, tremors,
and changes in consciousness, were reported. A correlation
between age and sign or symptom severity was detected
(Spearman coefficient = 0.74) (22). The frequency of en-
cephalomyelitis varied from 80% of the cases in patients <20
years of age to 95% in those >60 years of age (22). A total of
47 probable and confirmed human cases were reported. Of
these, 45 patients were hospitalized; 9 died, 1 25 years of age
and 8 >50 years of age (22).

The SLEV strains ChaAr-4006 and ChaAr-4006 were
isolated from Cx. pipiens quinquefasciatus mosquitoes
collected during the outbreak in the backyard of the index
case-patient in Cordoba City (23). Molecular classification
and phylogenetic analyses indicated that the strains isolated
during the outbreak were closely related to a genotype Il
SLEV strain (79V-2533) that had been isolated in Santa Fe
Province, Argentina (23). A 3-year retrospective phyloge-
netic analysis of SLEV genomes from mosquitoes collect-
ed in Cordoba City, designed to find an enzootic progenitor
of the outbreak strains, indicated no circulation of genotype
111 before the 2005 outbreak (24). The extensive sampling
effort detected low levels of SLEV transmission of geno-
types other than genotype 111. The CbaAr-4005 strain was
more virulent and produced higher viremias in avian and
murine models. In house sparrows, ChaAr-4005 produced
viremias that were 2.2 logs higher and lasted for 2 days lon-
ger than its closest relative, the 1978 79V-2533 strain. Be-
cause mosquitoes show a dose response to infection, house
sparrows inoculated with SLEV strain CbaAr-4005 will
theoretically produce viremia sufficient to infect 10 times
more mosquitoes than those inoculated with a nonepidemic
strain (25).

In adult Swiss mice, the ChaAr-4005 strain of SLEV
resulted in 100% (10/10) illness and death compared with
sympatric nonepidemic SLEV strains isolated previously
in Cdrdoba and Santa Fe Province, Argentina (26). Inocu-
lation of only 1 plaque-forming unit in 10-day-old mice
or 2 plaque-forming units in 21-day-old mice caused a
50% death rate with the strain CbaAr-4005 (lethal dose 50
[LD,,] in 10-day-old mice = 0.02), proving it to be the most
lethal strain compared in the study (78V-6507 .. = 1.75;
CorAn-9275 . = 3.90). That evidence supports the hy-
pothesis that a more virulent SLEV strain was introduced
into Cordoba City in early 2005 from Santa Fe (Argenti-
na) or S&o Paulo (Brazil) (Figure 2). Serologic studies of
wild birds sampled before and during the 2005 outbreak
indicated that 99% (434/437) of the avian population
lacked a SLEV-neutralizing antibody and were therefore

2153



SYNOPSIS

Figure 2. Phylogeny and spread of St. Louis encephalitis virus (SLEV) in the Americas. A) Multiple sequence alignment of 44 complete
envelope protein SLEV sequences obtained from GenBank. The orange highlighted cluster contained the emerging SLEV strains
isolated in Argentina, Brazil, and western United States. Alignment was performed by ClustalX, followed by tree generation using a
neighbor-joining algorithm using MEGA 6 software (https://www.megasoftware.net). Sequences are labeled by their GenBank accession
number. Sequences belonging to lineage Il also contain place and year of isolation data. Bootstrap support values are given for each
node. Scale bar represents nucleotide substitutions per site. B) Geographic spread of SLEV. A discrete Bayesian phylogeographic
reconstruction for SLEV lineage Ill was made using 11 envelope protein sequences (highlighted cluster in Figure 2, panel A). We applied
a constant-size coalescent tree before the phylogeny and a TNF93 nt substitution model. The Monte Carlo Markov chain model was
obtained after 30 million iterations and subsampling every 20.000 iterations. Analyses were made using Beast version 1.8.3 software
(http://tree.bio.ed.ac.uk/software/beast/). Numbers over the arrows indicate the probability for the postulated viral dispersion in that
pathway. Color of arrows indicates the location origin for the strain introduced.

susceptible to infection with SLEV, potentially serving as
amplification hosts (27). The absence of natural immunity
in the wild avian population may have promoted the 2005
SLE outbreak in Cérdoba City. A host competence study in
avian species showed that the eared dove (Zenaida auricu-
lata) and picui ground-dove (Columbina picui) produce
high levels of viremia compared with other avian species
tested (28). Moreover, that study confirmed the role as am-
plifying host of these 2 dove species during the 2005 SLEV
outbreak in Cordoba. Additional studies indicate that the
population of eared doves has been increasing in the central
region of Argentina during the past 10 years because of
agricultural geographic expansion (29).

After the 2005 outbreak, additional SLE outbreaks
in Argentina occurred in Parana (2006), Buenos Aires
(2010), and San Juan (2011) (Pan American Health Or-
ganization, http://www.paho.org/hg/dmdocuments/2010/
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alert_ epi_2010_31_marz_encefalitis_san_luis.pdf), but
no ecologic studies focused on these outbreaks. Phyloge-
netic analysis of SLEV genomes associated with human
cases in Buenos Aires confirmed the presence of SLEV
genotype 11 (30).

SLE was diagnosed in a febrile human in S&o Paulo
State, Brazil, in 2004, by viral isolation and molecular
detection (31). Molecular characterization classified the
isolate as SLEV genotype Ill. During a dengue virus out-
break in S&o José do Rio Preto (S&o Paulo State, Brazil)
in 2006, Mondini et al. (32) reported the first outbreak of
SLE in Brazil. Human cases were diagnosed by molecular
detection of SLEV RNA in serum or cerebrospinal fluid.
All SLEV-infected patients (6) had an initial diagnosis of
dengue fever or viral encephalitis; 3 cases were diagnosed
as viral meningoencephalitis, and the other 3 patients had
signs of hemorrhagic disease (32). This finding was the
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first reported link of SLE infection and human hemorrhag-
ic disease (32). A blastn analysis (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) comparing genomes of different SLEV
strains, which we carried out for this review, indicates that
the SLEV strains from Brazil are closely related to SLEV
genotype V. This finding indicates that genotype V SLEV
strains are also pathogenic for humans, as shown in pre-
vious studies in murine models (26). Because genotype V
strains are widespread in South America, human SLEV
cases could be misdiagnosed as dengue virus infection. A
detailed analysis of South America human SLE cases is
shown in Figure 1.

Reemergence in Western United States

SLEV was recognized in 1937 in California; cases were
documented during 1940-1950 and in Kern County
during a 1952 outbreak of Western equine encepha-
litis virus (33). SLEV caused periodic epidemics in
humans and epizootics in equines during the 1950s—
1990s. However, expansive epidemics similar to those
observed in Missouri and Texas were not detected in
California, although concurrent activity in mosquitoes
and seroconversions in birds were repeatedly docu-
mented in the San Joaquin Valley, Los Angeles Basin,
and Imperial Valley (1,34-36). An outbreak resulting
in 26 human cases occurred in 1984 in Los Angeles,
(34), leading to avian studies (37), vector competence
experiments (38), and vectoral capacity studies (39).
A SLEV serosurvey following the Los Angeles out-
break found that 1.6% of 1,803 serum samples tested
from residents of Los Angeles were seropositive. A
subsequent outbreak of 26 confirmed SLEV cases was
centered in Kern County but disappeared the follow-
ing summer (35,36). Envelope gene sequencing from
mosquito isolates suggested that different SLEV strains
were most likely responsible for these outbreaks (40).
Sequencing of longitudinal SLEV isolates from Cali-
fornia showed that isolates were genetically similar
from 1952 through the 1970s, after which genetic
changes were observed (41).

Even in the absence of epidemics since 1989, SLEV
activity was documented continuously in California
from the 1990s through 2003 by human cases, detections
in mosquitoes, or seroconversions in sentinel chickens
(42). In 2003, WNV activity was first detected in the
state (17). During 2003-2015, no SLEV activity was de-
tected in California, despite ongoing SLEV surveillance
in Culex mosquitoes and sentinel chicken seroconver-
sions (17). The absence of SLEV activity during that
period was likely not the result of a lack of surveillance
because the invasion of WNV led to a ~6-fold statewide
increase in mosquito pool testing, from ~5,000 pools
in 2003 to 30,000-35,000 pools annually since 2007.
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Instead, the absence of SLEV activity suggested extirpa-
tion from California.

Beginning in July 2015, SLEV activity was detect-
ed by the presence of viral RNA in mosquito pools and
sentinel chicken seroconversions in the Coachella Val-
ley of Riverside County, California (43). In 2016, SLEV
spread northward to 6 additional counties in California
(44); in 2017, a total of 15 California counties reported
activity (45). A clinical study used unbiased clinical
testing by metagenomic next-generation sequencing to
diagnose a fatal case of meningoencephalitis from SLEV
in a patient from Kern County, California, in September
2016 (46).

In Arizona, SLEV detection was historically less
frequent than in California; low enzootic activity was
reported most years during 1972-2006 and only a single
human case during 2010-2014 (47). In Maricopa County
(which includes Phoenix), a human SLEV outbreak dur-
ing July—October 2015 resulted in 23 confirmed cases
(48). Three patients in that outbreak were organ trans-
plant recipients who experienced fever, rigors, diarrhea,
headache, and confusion; all developed meningoen-
cephalitis, and 1 patient died (48). SLEV infection in
the 2 surviving transfusion recipients was confirmed by
plagque reduction neutralization tests (48). Retrospective
testing of archived mosquito pools from Phoenix col-
lected in 2014 revealed a single SLEV isolate, indicating
that SLEV was present in Arizona the summer before the
2015 outbreak (48).

To define the genetic relatedness of reemerging SLEV
from Arizona and California to SLEV from elsewhere to
infer a possible origin and pattern of spread, we performed
phylogenetic analyses of genomes from mosquitoes in
2014-2016 and the fatal case in 2016 in Kern County. The
2014 and 2015 California and Arizona SLEV isolates share
>99% nucleotide identity with each other and also with
their closest published relative isolated from Cx. pipiens
quinquefasciatus mosquitoes collected in the 2005 epi-
demic in Cdérdoba City (49). The SLEV genome sequence
from the fatal case in Kern County from September 2016
was >99% identical with 2014-2015 SLEV isolates from
mosquitoes in California and Arizona, suggesting that the
patient was infected by the reemergent genotype circulat-
ing in the southwestern United States (46). The 2014 and
2015 SLEV isolates are genetically distinct from the 2003
Imperial Valley, California, strain that was isolated before
the 11-year absence of SLEV activity in the state (49).
These results suggest there was likely a single introduction
of SLEV into the United States from South America, and
possibly Argentina, no later than November 2014, the earli-
est dated sample from which SLEV was isolated in Arizona
and that the virus spread in the summer of 2015 from Avri-
zona to California (49).
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Conclusion and Future Perspectives
Arthropodborne virus infections are emerging and re-
emerging infectious diseases worldwide. Mosquitoborne
viruses, including dengue (emerged in 1990), WNV
(emerged in 1999), chikungunya (2013), and Zika vi-
ruses (2015), have emerged as public health threats
in the Western Hemisphere. SLEV is maintained in a
bird—-mosquito transmission network involving multiple
species in a broad range of ecosystems encompassing a
wide geographic distribution that ranges from southern
Canada to southern Argentina. Biotic factors, including
vector and host abundance and population age structure,
as well as abiotic factors, including rainfall and drought
dynamics and elevated summer temperatures, combine
to produce conditions favorable for transmission of
SLEV. A better understanding of how SLEV circulates
between enzootic transmission cycles in nature and epi-
demic transmission in human populations is needed to
more accurately predict where and when human SLEV
epidemics will emerge.

The reemergence of SLEV in central Argentina is
associated with several factors, including the recent in-
troduction of a more virulent strain of SLEV into a na-
ive bird community and increased populations of eared
doves, a highly susceptible amplification species in
Argentina. Argentina has experienced intense land use
changes primarily because of the expansion of agricul-
tural and urbanized habitats. More research is needed
to define the effects of environmental change on avian
reservoir and vector populations to clarify the dynam-
ics of SLEV transmission, introduction, reintroduction,
and reemergence in susceptible habitats throughout the
Western Hemisphere.

The reemergence of SLEV in California and Arizona
resulted from introduction of a South American strain of
SLEV. The genetic diversity of SLEV in the Americas is
spatially influenced, with wide genetic variation across the
space, but some SLEV strains from North and South Amer-
ica show high genetic similarity, indicating long-range
dispersal. Similar to WNV, long-range SLEV dispersal is
likely mediated by migrating SLEV-infected birds. A bet-
ter understanding of SLEV in wild birds and avian host mi-
gration patterns is necessary to predict the spread of SLEV.
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Orthohantaviruses are a group of rodentborne viruses with
a worldwide distribution. The orthohantavirus Seoul virus
(SEQV) can cause hemorrhagic fever with renal syndrome
in humans and is distributed worldwide, like its reservoir host,
the rat. Cases of SEQV in wild and pet rats have been de-
scribed in several countries, and human cases have been
reported in the United Kingdom, France, Canada, and the
United States. In the Netherlands, SEQV has previously been
found in wild brown rats. We describe an autochthonous hu-
man case of SEOV infection in the Netherlands. This patient
had nonspecific clinical symptoms of an orthohantavirus infec-
tion (gastrointestinal symptoms and distinct elevation of liver
enzymes). Subsequent source investigation revealed 2 po-
tential sources, the patient’s feeder rats and a feeder rat farm.
At both sources, a high prevalence of SEOV was found in the
rats. The virus closely resembled the Cherwell and Turckheim
SEQV strains that were previously found in Europe.

rthohantaviruses are a family of rodentborne viruses

with a worldwide distribution. Human infection can
occur when virus-contaminated aerosols of rodent excreta
are inhaled while entering or cleaning rodent-infested ar-
eas (1). Infection can also be transmitted by rodent bites or
when orthohantavirus contaminated materials are directly
introduced into broken skin or conjunctiva. The clinical
syndromes that are associated with severe disease are hem-
orrhagic fever with renal syndrome (HFRS) and orthohanta-
virus cardiopulmonary syndrome (HCPS). HFRS cases are
found in large parts of Europe and Asia, whereas HCPS cas-
es are found in North America and South America (2). The
orthohantavirus Seoul virus (SEOV) causes HFRS of me-
dium severity and was originally found in Asia. In Europe,
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cases of SEQOV in wild and pet rats have been described
in the United Kingdom, Belgium, Sweden, and France
(3-6). Additional outbreaks have been reported in Canada
and the United States (7). The first non—laboratory-related
human infections with SEOV in Europe were reported in
the United Kingdom and France in 2012, although retro-
spectively earlier cases might have occurred (8-10). From
2013 on, multiple additional human cases were reported in
the United Kingdom and France (3,11,12). In the United
States, domestic cases of HFRS attributable to SEOV have
been described since 1994 (13). In the Netherlands, SEOV
has been reported in wild rats (14,15). In this article, we
describe an autochthonous human case of SEOV infection
in the Netherlands and the subsequent source investigation.

Case Description

In September 2016, a 28-year-old man sought medical care
at Rijnstate Hospital (Arnhem, the Netherlands); he report-
ed having fever, vomiting, abdominal cramps, and diarrhea
of 7 days’ duration. He had a history of gamma-hydroxubu-
tyrate (GHB) addiction and tobacco use (10 cigarettes/d).
He denied drinking alcohol. He had no history of travel.
The patient mentioned that he had been bitten regularly
while handling live rats at his work at a rat breeding farm
and by live rats that he kept for his reptiles at home. He
also mentioned he had been swimming in the Rhine River,
in which rats can be found. Physical examination revealed
a sweating, obese, ill patient with normal blood pressure,
tachycardia (113 beats/min), and a temperature of 38.6°C.
No abnormalities on auscultation of heart and lungs or
lymphadenopathy were found. Abdominal examination
revealed a painful enlarged liver. No abnormalities of the
skin were recorded. We have summarized the patient’s
laboratory test results (Table 1). Ultrasound revealed nor-
mal aspect of liver and gall bladder and a slightly enlarged
spleen (17.2 cm). The patient was hospitalized with an
initial diagnosis of gastroenteritis, colitis, or leptospirosis.
Antibiotic treatment with cefuroxime, metronidazole, and
doxycycline was started. Blood cultures remained negative.
A serum sample from the patient, taken at admission, tested
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Table 1. Laboratory test results for a patient diagnosed with Seoul virus infection, the Netherlands, September 2016*

Laboratory test Reference range Day 1t Day 3t
C-reactive protein, mg/L <10 32 59
Leukocytes, 10° cells/L 4.0-11.0 5.0 12.3
Lymphocytes, 10° cells/L 1.0-3.5 NT 8.27
Atypical lymphocytes - NT +
Platelets, 10°ccells/L 150-400 72 79
Creatinine, pmol/L 60-110 78 72
Alanine aminotransferase, U/L <45 114 211
Aspartate aminotransferase, U/L <35 123 283
Lactate dehydrogenase, U/L <250 753 1906
Bilirubin, pmol/L <17 12 10
Creatinine kinase, U/L <170 NT 677

*NT, not tested; —, negative; +, positive
tDay 1 of hospitalization, 7 days after onset of symptoms.
fDay 3 of hospitalization, 9 days after onset of symptoms.

negative for hepatitis A, B C, and E viruses; HIV; Trepo-
nema pallidum (syphilis); cytomegalovirus; Epstein-Barr
virus; and Leptospira spp. The patient did not have signs of
acute kidney injury and showed only a mild proteinuria of
0.25 g/L in a single urine sample. He was tested for ortho-
hantavirus infection because he mentioned that he was bitten
by rats regularly. The father of the patient, who took care of
the reptiles occasionally, and the patient’s partner, who did
not have any contact with the reptiles, were not feeling ill.

Material and Methods

Human SEOV Diagnostics

For detection of hantavirus IgG and IgM, we used an im-
munofluorescent assay (IFA) with mosaic slides containing
SEOV and other orthohantaviruses Puumala virus, Sin Nom-
bre virus, Hantaan virus, Dobrava-Belgrade virus, and Saa-
remaa virus (Euroimmun, Libeck, Germany), according to
the manufacturer’s instructions (16). The titer was defined as
the last sample dilution for which the fluorescence was iden-
tifiable, and a titer >1:32 was considered positive. Serum
samples of the patient and 2 close contacts were tested for
hantavirus antibodies. Total nucleic acid was extracted from
patient serum by using the MagNAPure 96 system (Roche,
Basel, Switzerland) and tested for SEOV RNA by using a
hantavirus genus—specific real-time reverse transcription
PCR (rRT-PCR), as described by Kramski et al. (17).

Investigation of Feeder Rats Owned by the Patient

Because the patient kept feeder rats at home and these
rats are a known source of SEQV infection, the rats were
collected for source investigation. At the time of investi-
gation, the patient had 5 live and 5 frozen feeder rats at
home. The rats were housed in a domestic residence and
were 7-13 months old. All likely originated from a feed-
er rat breeding farm, where the patient worked regularly
as a volunteer, although the patient gave contradicting
information about this. All available rats were tested for
SEOV virus. The 5 live rats were euthanized, and serum and
lung tissues were collected. For the frozen rats, serum was
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collected by vortexing and centrifugation of the rat hearts,
as described previously (15). Antibodies in rat serum were
detected by using a human SEOV ELISA (Hantavirus Do-
brava/Hantaan 1gG Elisa; Progen Biotechnik GmbH, Hei-
delberg, Germany), which was adapted to enable detection
of IgG in rats. Rabbit-a-rat horseradish peroxidase-labeled
1gG (Sigma-Aldrich Chemie B.V., Zwijndrecht, the Neth-
erlands) was used as conjugate at a 1:5,000 dilution. A cut-
off value was based on the average OD of negative control
rat serum + 3 x SD (in this case, a value of 0.2-0.3).

For euthanized and frozen rats, lung tissue was col-
lected in RNAIlater (Applied Biosystems, Foster City, CA,
USA) and stored at —80°C. Lung tissue was disrupted in
MagNA Pure 96 External Lysis Buffer (Roche) by using
Lysis matrix D (MP Biomedicals, Santa Ana, CA, USA)
and Fast Prep FP120 homogenizer (Thermo Savant, Carls-
bad, CA, USA). Total nucleic acid was isolated by auto-
mated nucleic acid extraction by using the MagNA Pure
96 system (Roche). As a first screening, a hantavirus ge-
nus—specific rRT-PCR was performed on lung tissue, as
described previously. Subsequently, a selection of the sam-
ples was confirmed with a nested rRT-PCR assay of the
large (L) segment, as described by Klempa et al. (18). The
resulting fragments were purified with ExoSAP-IT PCR
clean-up (Isogen Life Science, Utrecht, the Netherlands)
and sequenced by Baseclear (Leiden, the Netherlands). For
clarity, details of the selection of rats and the subsequent
experimental procedures are summarized in Figure 1.

Investigation of Rats from the Feeder Rat Breeding Farm
The feeder rats from the patient’s home likely originated
from the feeder rat breeding farm where the patient vol-
unteered. At the time of the investigation, the feeder rat
breeding farm housed 8,000-9,000 rats, 7 rabbits, and ap-
proximately 30 gerbils, 100 mice, and 60 snakes (constric-
tors). Adult rats at the farm were housed in 40 open boxes
that measured 1 m x 1 m. About 30 rats were kept per box,
of which ~5-10 were male and 20-25 were female. Smaller
boxes were available for pregnant female rats, female rats
with pups, and juvenile rats.
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Figure 1. Flowchart depicting the
selection and subsequent testing of
feeder rats in a source investigation
following detection of a human
case of Seoul virus infection, the
Netherlands, September, 2016.
*Rats were randomly picked; frats
were randomly picked from among
Seoul virus—positive animals. RT-
PCR, reverse transcription PCR.

Sixty rats, of which 40 were adults (age 7-13 months)
and 20 were juveniles (age 4—6 weeks), were collected. One
adult rat per box was picked randomly out of each box for
this study. Five juvenile rats were collected randomly from
4 different boxes that contained the juvenile rats. When
handling the rats, researchers used face masks (protective
class FFP-2), disposable gloves, and coveralls. Serum and
lung samples of the adults and juveniles were collected and
analyzed as described previously.

The owner of the rat farm did not keep a record of where
he bought and sold his rats. He reported that he regularly sold
rats to several feeder rat breeding farms within the Nether-
lands. These farms were subsequently contacted, but their
management would not cooperate with the investigation.

Sequencing

From 1 rat owned by the patient and 1 rat from the breeding
farm, the complete SEOV genome (i.e., the small, medium
[M], and L segments) was sequenced. Primers were devel-
oped based on published sequences and are available on
request. All fragments were purified with ExoSAP-IT PCR
clean-up (Isogen Life Science) and sequenced by Baseclear.

Results
Patient and Close Contacts

Testing found high antibody titers to the orthohantaviruses,
especially SEOV, in the patient. The patient improved in 4

2160

days, platelet count and liver enzyme test improved, and he
was discharged. A second serum sample for detection of an-
tibodies to orthohantaviruses was taken 3 weeks later when
the patient had made a full recovery.

The patient was found to be positive in the orthohan-
tavirus IFA with the highest IgG and IgM titers to SEOV
(Table 2). Orthohantavirus RNA was not detected in the
serum sample. Two close contacts of the patient tested neg-
ative in serologic testing for orthohantaviruses. The first
close contact was the father of the index patient. While the
index patient was hospitalized, his father had fed several
rats to the reptiles. The second close contact was the cohab-
iting partner of the index patient and reported no contact
with the rats.

Feeder Rats from Patient

Of the 10 rats collected from the patient’s home, 6 (2/5
fresh and 4/5 frozen) rats were found positive by serologic
testing and rRT-PCR (Table 3). All 5 fresh rats were tested
in the nested rRT-PCR assay of the L segment, and again,
the same 2 rats were positive.

Feeder Rats Breeding Farm

Of 60 rats purchased from the rat breeding farm, 4 juveniles
died from poor condition before they could be euthanized.
The remaining 40 adults and 16 juveniles were tested using
ELISA and rRT-PCR. All 40 adult rats were seropositive
for orthohantaviruses. Lung tissues of all adult rats tested
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Table 2. Serologic orthohantavirus results for the patient with Seoul virus infection and 2 close contacts, the Netherlands,

September 2016*

Age, SEOV SEOV DOBV DOBV  SAAV  SAAV HNTV HNTV PUUV PUUV SNV SNV
Sample y 19G IgM 19G IgM 19G IgM 19G IgM 19G IgM 19G IgM
Patient 28 1:16,384 1:4,096 1:2,048 1:2,048 1:512 1:1,024 1:16,384 1:512 1:.64 1:32 1:512 1:64
sample 1t
Patient 1:32,768 1:2,048 1:8,192 1:512 1:2,048 1:256 1:16,384 1:1,024 1:512 1:64 1:512 1:128
sample 2%
Close 59 - - - - - - - - - - - -
contact 1
(father)
Close 27 - - - - - - - - - - - -
contact 2
(partner)

*DOBV, Dobrava-Belgrade orthohantavirus; HNTV, Hantaan orthohantavirus; PUUV, Puumala orthohantavirus; SAAV, Saaremaa orthohantavirus; SEOV,

Seoul orthohantavirus; SNV, Sin Nombre orthohantavirus; —, negative.
TTaken 7 days after onset of symptoms.
fTaken 31 days after onset of symptoms (reconvalescent).

positive for SEOV RNA by rRT-PCR. A selection of 5
adult rats was tested with the nested rRT-PCR assay of the
L segment, and all 5 rats were positive.

Of the juveniles, 1 of the 16 was found to be sero-
positive. However, all 16 were orthohantavirus negative by
rRT-PCR on lung tissues (Table 3).

Sequencing

The 7 SEOV-positive rats (2 from the patient and 5 from
the rat breeding farm) tested by nested rRT-PCR showed
identical sequences of the L segment. The complete SEOV
genome was sequenced from 1 of the patient’s rats and 1
breeding farm rat. Sequences were submitted to GenBank
(accession nos. MG764078-83). The phylogenetic tree of
the small segments (Figure 2) shows the strains are 100%
identical. Furthermore, these strains are 100% identical to
the Turckheim strain isolated from pet rats in France (11)
and 99.6% identical to the Cherwell strain (3) isolated from
pet rats in the United Kingdom. Also, the M segment were
identical to each other and 99.8% identical to the Cherwell
strain. The L segment was 99.6% identical to the Cherwell
strain. The sequence of the M and L segments of the Turck-
heim strain were not available for comparison.

Discussion

SEOV was detected in wild brown rats in the Netherlands
in 2013, but no human cases had been reported. In this
article, we report an autochthonous case of SEOV infec-
tion in the Netherlands. The case-patient had nonspecific
clinical symptoms of an orthohantavirus infection, show-
ing gastrointestinal symptoms and distinct elevation of

liver enzymes. Although the patient did not develop acute
kidney injury, we found mild proteinuria and thrombocyto-
penia, which might also be found in SEOV infection. Be-
cause SEQV infections are related to a mild form of HFRS,
with low incidence of hemorrhagic manifestations and low
mortality rates, previous cases might have been missed or
misdiagnosed as viral infection or gastroenteritis. Elevation
of liver enzymes has been reported to occur to a greater
extent in SEQV infections but in this patient might have
been attributable to use of medication (acetaminophen) or
gamma-hydroxubutyrate. Diagnosis of HFRS attributable
to SEQV infection is largely based on serologic testing.

The patient had high SEOV IgG and IgM titers
(1:16,384 for IgG and 1:4,096 for IgM) by IFA. Cross-reac-
tions exist within 2 defined serogroups of orthohantaviruses
but are limited between the serogroups. Antibodies against
Puumala virus and Sin Nombre virus cross-react, whereas
SEQV as member of the other serogroup cross-reacts with
Hantaan virus, Dobrava-Belgrade virus, and Saaremaa vi-
rus. This investigation found a clear link from the patient
to the SEOV-infected rats at home and at the breeder farm.
Combined with the high antibody titers against SEOV, we
concluded that the patient’s positive IFA result was due to
a recent SEOQV infection.

The patient’s rats probably originated from the breed-
ing farm where the patient worked as a volunteer, which is
also suggested by the sequence results. Management at the
farm facilitated spread of SEOV by frequently moving rats
from one box to the other and randomly returning female
rats to boxes after they had weaned their pups. No regis-
tration of these movements was recorded. The tested rats

Table 3. Results of Seoul virus tests in rats from the patient’s residence and the rat breeding farm, the Netherlands, September 2016

No. (%) rats found to be

Source Tested rats No. (%) seropositive rats positive by rRT-PCR
Feeder rats of the patient, n =10 5 fresh adults 2 (40) 2 (40)
5 frozen adults 4 (80) 4 (80)
Feeder rats from the farm, n = 8,000-9,000 40 adults 40 (100) 40 (100)
16 juveniles 1 (6) 0(0)

*rRT-PCR, real-time reverse transcription PCR.
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Figure 2. Phylogenetic tree calculated for the coding region (1,290 bp) of the small segment of the nucleocapsid protein in the Seoul
virus strain implicated in a human case infection in the Netherlands, September 2016, compared with reference viruses. Boldface
indicates isolates from this study; GenBank accession numbers are provided for reference viruses.

were in a poor body condition, and many had bite wounds
on their ears, providing ideal transmission conditions for
SEOV (19). Several health risks (including public health
risks) were identified with regard to the SEOV-positive
feeder rat breeding farm, including the possibility of infec-
tion of personnel and visitors to the farm and the potential
spread of the pathogen by regular trade and exchange with
other feeder rat breeding farms and occasionally with un-
known parties, possibly including pet stores. Also, SEOV
might spread from the feeder rats to wild rats living around
the farm through direct contact or through contaminated
materials (e.g., bedding material). Anyone entering the
breeding farm was advised to wear disposable gloves, shoe
sleeves, an apron, and a face mask (protective class FFP-2)
and to wash their hands immediately after leaving the barn.
They were also warned to avoid being bitten by the rats. All
employees and volunteers were offered a blood test to see
if they had been infected; no one accepted. Anyone buying
or otherwise taking rats from the breeding farm was given
a letter, signed by the Municipal Health Services, inform-
ing them of the possibility of the rats being infected. Pest
control measures were set up, preventing contact of wild
rats with feeder rats. The distribution of the used sawdust
over nearby farm lands was discontinued. Used sawdust
was thereafter brought to the municipal facility to be burnt
in a waste disposal facility. By law in the Netherlands,

2162

notification of orthohantavirus infection in humans is
mandatory but not in animals. Therefore, no legislation
on control measures (e.g., enforced quarantine of infected
animals, a ban on selling rats, or a forced closure of the
breeding farm) was in effect. These limitations complicated
source investigation because testing of the breeder rat farm
was based on voluntary cooperation of the farm owner; they
also severely complicated our efforts to contain this virus.
Duggan et al. showed that the seroprevalence of an-
tibodies to SEOV in persons with a high contact rate with
rats, such as rat owners, is 34%, compared with 3% in con-
trols with occupational exposure to pet fancy rats or wild
rats (12). Naturally, this probability depends on the spread
of SEQV in the domestic rat populations in the Nether-
lands. To what extent SEOV is present in rat populations in
the Netherlands is unknown. Hantavirus-infected rodents
do not show any overt symptoms and might spread ortho-
hantavirus for a prolonged period, possibly lifelong (20—
23). However, the presence in feeder rats and anecdotal
information about exchange between rat populations sug-
gest that SEOV might be present in captive rat populations
in the Netherlands. Also, exchange of pet and feeder rats
between countries in Europe might be extensive, which is
supported by the close resemblance of the SEOV strain in
the Netherlands to the Cherwell strain in the United King-
dom and the Turckheim strain in France. In Europe, SEOV
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has been detected in pet rats in England and Wales (13),
Sweden (5), and France (11).

This case illustrates the importance of clinical aware-
ness for orthohantavirus infections after contact with ro-
dents, including in patients with nonspecific symptoms,
and the challenges that arise when source investigation and
implementation of control measures are hampered by lack
of legislation. The source investigation and implementation
of control measures required multidisciplinary, constructive
cooperation between research institutions and authorities.
Future studies to assess the extent of SEOV infection in the
domestic rat populations in the Netherlands are needed to
inform the general public concerning the risk for contracting
this virus by handling rats and the related health risks.
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Restaurant Inspection Letter
Grades and Salmonella Infections,
New York, New York, USA

Melanie J. Firestone, Craig W. Hedberg

Rates of Salmonella infection in the United States have not
changed over the past 20 years. Restaurants are frequent
settings for Salmonella outbreaks and sporadic infections.
Few studies have examined the effect of posting letter
grades for restaurant inspections on the incidence of food-
borne illness. We compared Salmonella infection rates in
New York, New York, USA (NYC), with those in the rest of
New York state before and after implementation of a letter
grade system for restaurant inspections in NYC. We calcu-
lated a segmented regression model for interrupted time se-
ries data. After implementation of letter grading, the rate of
Salmonella infections decreased 5.3% per year in NYC ver-
sus the rest of New York state during 2011-2015, compared
with the period before implementation, 2006—2010. Posting
restaurant inspection results as letter grades at the point of
service was associated with a decline in Salmonella infec-
tions in NYC and warrants consideration for broader use.

ach year, an estimated 48 million persons get sick,

128,000 are hospitalized, and 3,000 die from foodborne
illness in the United States (1). Consumption of food pre-
pared away from home, such as at restaurants and for take-
out, has continuously increased, accounting for 50% of food
expenditures in 2014, up from 33% in 1970 (2). Restaurants
are frequent settings for transmission of foodborne illness; in
2015, 60% of foodborne illness outbreaks were associated
with restaurants (3). There is also evidence that commercial
food service establishments, such as restaurants, play a role
in sporadic (nonoutbreak) cases of foodborne illness (4).
Given our dependence on food prepared away from home,
reducing the risk for foodborne illness from commercial
food service establishments is of critical importance.

Food service establishments play a role in the epidemi-
ology of Salmonella infections; Salmonella may contami-
nate a wide range of raw ingredients, infect food workers,
survive on contaminated surfaces, and grow in improperly
held food items. Nontyphoidal Salmonella infections are
the second most common foodborne illness and the leading
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cause of foodborne illness hospitalizations and death (1).
Reducing Salmonella infections is a Healthy People 2020
objective (5), yet rates have not substantially changed over
the last 20 years (6). Inspection of food service establish-
ments to protect food safety is a core function of state and
local health departments; the inspections help to identify
risk factors for foodborne illness, such as those associated
with Salmonella transmission, and to correct them, thus
protecting consumers and industry.

New York does not have a statewide policy for report-
ing restaurant inspection results. In 2005, the Department
of Health and Mental Hygiene (DOHMH) in New York,
NY, USA (NYC), began using a point-scoring system for
food service establishment inspections to weight violations
to reflect risk factors for foodborne illness. In 2010, the
NYC DOHMH implemented a letter grade program that
converted these scores into categorical rankings of A, B,
or C, or grade pending, in an effort to improve restaurant
food safety, increase transparency of inspection informa-
tion, and reduce the risk for foodborne illness transmission
in restaurants (7). The DOHMH required establishments
to post a sign with the letter grade in its window so that
consumers could see it before entering. Public disclosure
programs like this one seek to provide information to con-
sumers when and where they need it so they can make in-
formed decisions about potential risks (8). These consumer
decisions encourage restaurant operators to improve and
maintain sanitary standards, thus improving sanitary con-
ditions in restaurants. The letter grade program has already
been shown to lead to improvements in sanitary conditions
in NYC: 35% more restaurants earned A grades in the 3
years after grading, compared with the 3 years before (9).

The value of posting restaurant inspection ratings at
the point of service has been the subject of considerable de-
bate. Few studies have looked at the impact of posting poli-
cies on the incidence of foodborne illness. Two studies of
a letter grade program in Los Angeles County, California,
USA, showed a reduction in foodborne-illness hospitaliza-
tions (10,11). In NYC, a preliminary analysis of letter grad-
ing at 18 months suggested a decline in Salmonella infec-
tions. The goal of our study was to compare the incidence
of Salmonella infections in NYC with incidence in the rest
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of the state before and after the implementation of posting
letter grade placards at the point of service.

Methods

Data

Salmonella infections are nationally notifiable (12). We
obtained yearly laboratory-confirmed case counts from
1994-2015 from the NYC DOHMH and the New York
State Department of Health. Cases are reported by year of
diagnosis and county of residence.

Statistical Analyses

To account for population changes, we calculated annual
rates using intercensal population estimates for 1994-2015
from the US Census Bureau. We calculated the percent
change from year to year. We compared mean rates of
Salmonella infection before and after implementation of a
point scoring system in 2005 and after implementation of
grade cards in 2010 using t-tests for NYC and the rest of the
state (NYS). We considered the year of implementation to
be a part of the before period in both analyses because the
policies were not implemented on January 1 of each year.

We used segmented regression to determine the trend
before implementing the policy in Salmonella infections, an
immediate change at the time of policy implementation, and
the long-term trend after policy implementation (13). We
hypothesized that the long-term trend would decline after
policy implementation. We expected a delayed effect be-
cause restaurants are not all on the same inspection cycle and
because underlying improvements in sanitation driving the
decline are not likely to be immediate. Because there were
indications of overdispersion and heteroskedasticity, we
used a negative binomial regression model with robust SEs
to quantify the effect of letter grade placards on Salmonella
infections. We used an offset term to account for population
changes across the period. Examination of autocorrelation
and partial autocorrelation functions confirmed that the out-
come was not autocorrelated. We calculated incidence rate
ratios (IRR) comparing Salmonella infections in NYC to
NYS before and after the implementation of the point scor-
ing system and posting of letter grade placards.

Key variables included year, coded as a continuous
variable starting with 1994 = 1; variables representing the
2 policy periods (prepolicy = 0, postpolicy = 1); 2 variables
representing the trends after policy implementation, coded
as 0 before the policy and a continuous humerical function
after the policy was implemented; and a variable (region)
representing NYC versus NYS. The model also included
5 interaction terms: region by year, to control for regional
secular trends; region by policy for each policy (before
and after letter grade was implemented), to account for the
mean level change in NYC after the new policy took effect;
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and region by trend before and after policy implementation,
to determine if the average Salmonella infections in NYC
changed after policy implementation versus NYS (14). We
also conducted a subanalysis using data from 2000-2015
to compare NYC to surrounding counties (NYC metropoli-
tan area) and NYS. We analyzed data using Stata version
14.2 (StataCorp LLC, College Station, TX, USA) and de-
termined statistical significance as p<0.05.

Results

The annual rate of Salmonella infections decreased in both
NYC and NYS during 1994-2015 (Table 1; Figure). The
period-to-period percent change after letter grading imple-
mentation was a decline of 32.6% in NYC, compared with a
decline of 14.1% in NYSS (Table 1). Mean Salmonella infec-
tion rates in NYC between 1994 and 2010 were significantly
higher (p<0.01) than in NYS (Table 2). In the period after
letter grading was implemented (2011-2015), the mean rate
of Salmonella infection was no longer significantly differ-
ent (p = 0.37) in NYC (mean 12.6 cases/100,000 persons;
95% CI 10.9-14.4) compared with NYS (mean 12.0 cas-
es/100,000 persons; 95% CI 11.4—-12.6).

In NYC and NYS, Salmonella infections were de-
creasing before either policy was implemented in NYC
(IRR 0.95; 95% CI 0.94-0.96; p<0.01). The interaction
term for trend by region after letter grade implementation
was statistically significant (p<0.01), which indicates that
Salmonella infection rates declined on average in NYC
versus NYS in the years after letter grading was imple-
mented, compared with the period after the point scoring
system was implemented (Table 3). After letter grading
was implemented, the rate of Salmonella infections de-
creased 5.3% per year in NYC versus NYS (IRR 0.95; 95%
Cl1 0.92-0.98; p<0.01).

In a subanalysis of Salmonella infections from 2000—
2015 comparing number of infections in NYC with that of
other counties in the NYC metropolitan area and NYS sep-
arately, Salmonella infections declined in both NYC and
the NYC metropolitan area compared with those in NYS.
In contrast to the findings in NY'S, in the period after letter
grading was implemented, NYC Salmonella infections de-
clined 8.8% per year and Salmonella infections in the NYC
metropolitan area declined 7.5% per year compared with
the period between the implementation of a point scoring
system and the letter grade program.

Discussion

Overall, Salmonella infections declined in NYC and NYS
between 1994 and 2015. Although NYS had declines in
Salmonella infection rates after 2010, NYC saw declines
greater than those in NYS. Inspection processes were
largely unchanged in NYC with the implementation of
the point scoring system in 2005 (15). The letter grade
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Table 1. Confirmed Salmonella infection case counts, rates, and percent changes for New York, NY, USA, and the rest of the state,

1994-2015*
NYC NYS

Rate per 100,000 Year-to-year Rate per 100,000 Year-to-year
Year No. cases population change, % No. cases population change, %
1994 1,890 25.0 - 1,977 18.2 -
1995 2,166 28.4 13.7 1,912 17.6 -3.3
1996 1,927 25.0 -11.8 1,940 17.8 1.5
1997 1,772 22.8 -8.9 1,649 15.2 -14.9
1998 1,751 22.3 -2.3 1,680 15.4 1.7
1999 1,508 19.0 -14.8 1,516 13.9 -10.1
2000 1,215 15.2 -20.1 1,293 11.8 -15.1
2001 1,386 17.2 135 1,397 12.7 7.7
2002 1,458 18.1 5.0 1,613 14.6 15.0
2003 1,307 16.2 -10.3 1,282 11.5 -20.8
2004 1,273 15.8 -2.3 1,291 11.6 0.5
2005t 1,203 15.0 -5.1 1,427 12.8 10.6
2006 1,272 15.9 6.0 1,423 12.8 -0.2
2007 1,304 16.3 2.3 1,476 13.3 3.7
2008 1,268 15.7 -34 1,491 13.4 0.8
2009 1,236 15.2 -3.3 1,370 12.3 -8.4
2010% 1,304 15.9 4.7 1,448 12.9 5.4
2011 1,125 13.6 -14.7 1,423 12.7 -1.9
2012 1,171 14.0 3.1 1,395 12.4 -2.0
2013 1,124 13.3 -4.8 1,300 11.6 -6.9
2014 987 11.6 -12.8 1,320 11.7 1.6
2015 918 10.7 -7.8 1,314 11.7 0.0
Period-to-period change, 1994—-2005 vs. 2006—2010 -22.8 -10.6
Period-to-period change, 2006—2010 vs. 2011-2014 -20.0 -7.1
Period-to-period change, 1994-2010 vs. 2011-2015 -32.6 -14.1

*Percentages were calculated from unrounded values; the values shown may be different when calculated from the rounded values in the table. NYC,

New York City; NYS, rest of New York state.
tYear of implementation of point scores for food safety inspections.
tYear of implementation of letter grades for food safety inspections.

placard program begun in 2010 did not change the point
scoring system but rather used the points to create a readily
comprehensible ranking system accessible at the point of
service. Our analysis supports the hypothesis that having
a point scoring system was not associated with declines in
Salmonella infections but having a simple way to publicly
disclose the results of the inspection was.

Although it appears that the implementation of a point
scoring system in NYC was associated with a leveling
off of declines in Salmonella infections, the system was

Figure. Confirmed Salmonella infection cases per 100,000
population in NYC and the rest of the state, 1994-2015. Dashed
lines indicate implementation of point scores in 2005 and letter
grades in 2010. NYC, New York City; NYS, rest of New York state.
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implemented at the end of a hyperendemic period of Salmo-
nella enterica serotype Enteriditis infections. In the 1980s,
high rates of Salmonella Enteriditis infections primarily as-
sociated with shell eggs were recognized, and a variety of
prevention and control measures were put in place to combat
these rising rates (16). The Northeast was particularly af-
fected by this outbreak; New York state reported the high-
est number of outbreaks during 1985-1999 (16). Prevention
measures appeared to have the greatest success in reducing
rates in the Northeast compared with others (16). Further-
more, 2 notable changes in NYC during this time period led
to improved surveillance, which typically results in better
detection and reporting. In 2006, the NYC Board of Health
mandated electronic laboratory reporting of notifiable diseas-
es (17); in 2009, NYC became a Foodborne Diseases Centers
for Outbreak Response Enhancement (FoodCORE) center
with the goal of improving surveillance for Salmonella infec-
tions (18). To the extent that these efforts may have improved
surveillance in NYC, they may also have been expected to
increase case detection in NYC versus NYS.

The implementation of letter grading in 2010 marks
the beginning of the current declining trend in Salmonella
infections. By improving sanitation conditions in NYC
food service establishments, the letter grade program can
be expected to benefit other areas as well. In this study,
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Table 2. Mean Salmonella infection rates for New York, NY, USA, and the rest of the state, by policy implementation period,

1994-2015*

1994-2005 2006-2010 2011-2015
Location Mean (SE) 95% ClI p value Mean (SE)  95% CI p value Mean (SE) 95% ClI p value
NYC 20.0(1.3) 17.1-229  Ref 15.8(0.2) 15.3-16.3 0.06% 12.6 (0.6) 10.9-14.4 <0.01%
NYS 14.4 (0.7) 12.9-16.0 Ref 12.9(0.2) 12.4-135 0.21% 12.0(0.2) 11.4-12.6  0.01%
NYC vs. NYSt <0.01 <0.01 0.37

*NYC, New York City; Ref, referent; NYS, rest of New York state.
tComparison of mean rate between NYC and NYS within time period.
FComparison of mean rate within region to the preceding time period.

Salmonella infection were reported by county of residence,
but NYC sees its population change daily due to commut-
ing and tourism. Manhattan, one of the 5 NYC boroughs,
sees its population nearly double during the workday. Of
its commuters, 36% (550,000 persons) travel from outside
the other 4 boroughs (19). Additionally, NYC is a popu-
lar place for tourists; >60 million persons visited in 2016
(20). Our study showed that Salmonella infections in NYS
declined after the letter grade program was implemented.
This finding may be in part because improved sanitary
conditions in NYC restaurants after the implementation of
letter grades reduced risk for Salmonella exposure among
NYS residents who commuted to or visited NYC.

This study had several limitations. First, this was a
quasi-experimental, ecologic study that represents an as-
sociation and not a causal relationship. Second, the NYC
restaurant letter grade program involved multiple changes
to sanitation enforcement in addition to letter grade post-
ing; changes included inspection frequency, greater risk
for fines, improvements to online resources, and additional
training opportunities (21). As a result, we could not deter-
mine which factors contributed the most to the reduction
in Salmonella infections. Furthermore, we were not able to
assess whether Salmonella-infected persons had a known
exposure to restaurants in the period before illness.

This study supports findings from an earlier NYC study
(21) and previous studies of Los Angeles County that showed
a decline in foodborne illness hospitalizations. Hospitaliza-
tions represent a subset of foodborne illnesses that may be
caused by a variety of agents, such as Campylobacter, an-
other leading cause of foodborne illness in the United States
(1). However, Campylobacter rarely causes outbreaks in
restaurant settings because its biology limits transmission
to inadequate cooking of contaminated poultry or meats or
cross-contamination from raw to ready-to-eat foods (22). As
a result, improvements in restaurant sanitary conditions are
unlikely to affect Campylobacter transmission in restaurants.

In contrast, the selection of Salmonella infections is
a strength of this study because the biology of Salmonella
makes it uniquely suited for transmission in food service
establishments. In restaurants, Salmonella can cause illness
from contaminated raw ingredients, through cross-contam-
ination, or from infected food workers. Improper cooling
of inadequately cooked foods, or failure to maintain cold or
hot holding temperatures can amplify contamination. Thus,
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Salmonella transmission serves as a good indicator of over-
all restaurant food safety practices.

Despite limitations, NYC’s experience provides a useful
case study of the beneficial effect of letter grading programs.
Although the relationship between restaurant inspections and
risk for foodborne illness is not well understood (23) and in-
spections represent a snapshot in time that may not represent
the overall sanitary conditions in restaurants, factors related
to food handling and preparation practices and food worker
health and hygiene are frequent contributors to outbreaks in
restaurants (24). These factors probably contribute to trans-
mission of sporadic infections in restaurants, which are much
more common,; outbreak cases represent <10% of all Salmo-
nella infections (4,6). The NYC restaurant letter grade pro-
gram has been shown to be associated with sustained improve-
ments in sanitary conditions in restaurants, including several
factors associated with outbreaks (9). Furthermore, that study
showed that after 18 months, 81% of adults in NYC had seen
letter grade placards, and 88% of those persons considered
the letter grades in their dining decisions (9). This finding sug-
gests that consumer behavior helped support the program goal
of driving improvements in sanitary conditions. Although fu-
ture studies are needed to parse which restaurant inspection
results may contribute most to declines in Salmonella infec-
tions, our findings support the hypothesis that the successful

Table 3. Regression for interrupted time series analysis of
Salmonella infection rates, New York, NY, USA, and the rest of
the state, 1994-2015*

Robust
Predictor variables IRR SE 95% ClI p value
Year 0.95 0.01 0.94-0.96 <0.01
Region 1.50 0.08 1.35-1.68 <0.01
Region x year 0.99 0.01 0.97-1.00 0.16
Point scoring policy 1.20 0.06 1.08-1.32 <0.01
implementation
Trend after point scoring  1.04 0.01 1.02-1.07 <0.01
implementation
Region x point scoring 0.92 0.07 0.80-1.07 0.29
implementation
Region x trend after 1.02 0.02 0.99-1.05 0.28
points
Letter grade policy 1.01 0.04 0.93-1.10 0.81
implementation
Trend after grading 0.98 0.01 0.96-1.00 0.09
Region x grading 0.99 0.06 0.88-1.11 0.85
Region x trend after 0.95 0.02 0.92-0.98 <0.01
grading
Intercept 0.00 0.00 0.00-0.00 <0.01
*IRR, incidence rate ratio.
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implementation of a letter grade program was associated with
areduction of Salmonella transmission in restaurants in NYC.

In conclusion, in the United States, considerable re-
sources have been invested to prevent contamination of
the food supply before the point of service. However, Sal-
monella infections remain unchanged at the national level.
Previous studies have shown improvements in sanitary
conditions after the implementation of the NYC restaurant
letter grade program, and our study suggests a beneficial
effect on the incidence of foodborne illnesses. Implement-
ing a letter grade program is a feasible and relatively inex-
pensive tool to reduce Salmonella infections that warrants
consideration for broader use. Other jurisdictions should
consider adopting a letter grade program and decide on the
form and location of the placard, frequency of inspections,
and approaches to engage restaurant-industry and commu-
nity support to ensure program Success.
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Spatial Analysis of Wildlife
Tuberculosis Based on a
Serologic Survey Using Dried
Blood Spots, Portugal

Nuno Santos,' Telmo Nunes, Carlos Fonseca, Madalena Vieira-Pinto,
Virgilio Almeida, Christian Gortazar, Margarida Correia-Neves

We investigated the spatial epidemiology of bovine tuber-
culosis (TB) in wildlife in a multihost system. We surveyed
bovine TB in Portugal by serologic analysis of elutes of
dried blood spots obtained from hunted wild boar. We mod-
eled spatial disease risk by using areal generalized linear
mixed models with conditional autoregressive priors. Anti-
bodies against Mycobaterium bovis were detected in 2.4%
(95% CI 1.5%-3.8%) of 678 wild boar in 2 geographic
clusters, and the predicted risk fits well with independent
reports of M. bovis culture. Results show that elutes are an
almost perfect substitute for serum (Cohen unweighted «
= 0.818), indicating that serologic tests coupled with dried
blood spots are an effective strategy for large-scale bovine
TB surveys, using wild boar as sentinel species. Results
also show that bovine TB is an emerging wildlife disease
and stress the need to prevent further geographic spread
and prevalence increase.

ovine tuberculosis (TB) is a zoonotic disease caused

by Mycobacterium bovis and other members of the M.
tuberculosis complex, whose natural hosts are wild and do-
mestic mammals (1). Bovine TB is a disease of economic
and public health relevance and is subjected to mandatory
control programs in livestock in many countries. As a re-
sult of these programs, bovine TB has been eradicated in
regions such as Australia and Scandinavia. However, in
other regions, persistence of infection has been attributed
to wildlife reservoirs, such as cervids in North America
(2). In the Iberian Peninsula (Figure 1, panel A), bovine
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TB is maintained in a multihost pathogen system in which
M. bovis and M. caprae circulate between sympatric wild
ungulates (mainly wild boar [Sus scrofa] and red deer [Cer-
vus elaphus]) and free-ranging domestic ungulates (1).

In Portugal, control of bovine TB has resulted in a
low prevalence in livestock (4.5 cases/10,000 cattle and
2.9 cases/1,000 herds) in 2017 (3). Nevertheless, disease
incidence has stabilized in recent years, and awareness of
wildlife hosts has fueled the discussion over their role as
reservoirs of bovine TB. In 2011, the Portuguese Animal
Health Directorate (Lisbon, Portugal) established a surveil-
lance area for bovine TB in large game species, encom-
passing regions where the disease was known to be present
in wild ungulate populations (Figure 1, panel B).

Bovine TB in wildlife shows spatial structuring in the
Iberian Peninsula. There is a core area in the central-south-
western region, in which the average prevalence of macro-
scopic lesions is 59% in wild boar (4). At the periphery of
this core area, prevalence decreases, and becomes low to
undetectable in eastern, northern, and western regions of
the Iberian Peninsula (5-7). Nevertheless, spatial analyses
of bovine TB on wildlife in the Iberian Peninsula, other
than disease mapping, are notably lacking.

Large-scale disease surveys in wildlife require mass-
scalable and inexpensive diagnostic tests; serologic meth-
ods are one of the most suitable techniques (8). An ELISA
for detecting antibodies against the M. tuberculosis com-
plex has been described and validated for use in wild boar
(9,10) and showed a moderately high estimated sensitivity
0f 79.2% and an excellent specificity of 100% (10). Anoth-
er improvement for large-scale disease surveys in wildlife
is a sampling protocol that might be used by nonspecial-
ized personnel, such as hunters. One example is the dried
blood spot technique, which was originally developed for
human sampling but has been increasingly used for wildlife
disease surveys (11).

*Current affiliation: Research Centre in Biodiversity and Genetic
Resources, University of Porto,Vairdo, Portugal.
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Figure 1. Choropleth maps

for spatial study of bovine
tuberculosis (TB) in wildlife,
Portugal. A) Iberian Peninsula.
B) Official surveillance area

for bovine TB in large game
species. Red numbers indicate
historical population refuges

of wild ungulates: 1) Gerés, 2)
Montesinho, 3) Malcata, 4) Sao
Mamede, and 5) left bank of the
Guadiana River. C) Distribution
of serologic samples analyzed
per county. D) Distribution of
bovine TB—positive samples.
Black circles indicate the 2
clusters identified.

Wild boar ha