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NEISSERIA GONORRHOEAE 1S A MAJOR CAUSE
of pelvic inflammatory disease, ectopic
pregnancy, and infertility, and it can fa-
cilitate human immunodeficiency vi-
rus (HIV) transmission.! Emergence of
gonococcal resistance to penicillin and
tetracycline occurred during the 1970s
and became widespread during the early
1980s. More recently, resistance to fluo-
roquinolones developed. Resistance was
documented first in Asia, then emerged
in the United States in Hawaii followed
by other western states. It then became
prevalent in all other regions of the
United States. In Hawaii, fluoroquino-
lone resistance was first noted among
heterosexuals; however, resistance in the
United States initially became preva-
lentamong men who have sex with men
(MSM) before generalizing to hetero-
sexuals. This emergence of resistance led
CDC, in 2007, to discontinue recom-
mending any fluoroquinolone regi-
mens for the treatment of gonorrhea.?
CDC now recommends dual therapy for
gonorrhea with a cephalosporin (ceftri-
axone 250 mg) plus either azithromy-
cin or doxycycline.* This report sum-
marizes trends in cephalosporin
susceptibility among N. gonorrhoeae iso-
lates in the United States during 2000-
2010 using data from the Gonococcal
Isolate Surveillance Project (GISP).
During that period, the percentage of
isolates with elevated minimum inhibi-

tory concentrations (MICs) to cephalo-
sporins (=0.25 ng/ml for cefixime and
=0.125 pg/mL for ceftriaxone) in-
creased from 0.2% in 2000 to 1.4% in
2010 for cefixime and from 0.1% in 2000
to 0.3% in 2010 for ceftriaxone. Al-
though cephalosporins remain an effec-
tive treatment for gonococcal infec-
tions, health-care providers should be
vigilant for treatment failure and are re-
quested to report its occurrence to state
and local health departments. State and
local public health departments should
promote maintenance of laboratory ca-
pability to culture N. gonorrhoeae to al-
low testing of isolates for cephalo-
sporin resistance. They also should
develop enhanced surveillance and re-
sponse protocols for gonorrhea treat-
ment failures and report gonococcal
treatment failures to CDC.

GISP is a CDC-sponsored, sentinel
surveillance system that monitors anti-
microbial susceptibilities in N. gonor-
rhoeae through ongoing testing of
approximately 5,900 male urethral gono-
coccal isolates obtained annually from
consecutive symptomatic men at 25-30
sexually transmitted disease (STD) clin-
ics in the United States; approximately
4% of all reported gonorrhea cases among
men are included annually.” Antibiotic
susceptibility is measured by MIC, the
lowest concentration of an antibiotic that
inhibits visible growth of the bacteria.
MICs to cephalosporins (cefixime and
ceftriaxone) among gonococcal isolates
collected during 2000-2010 were ana-
lyzed. Cefixime susceptibilities were not
determined during 2007-2008 because
cefixime was unavailable in the United
States during that period. Decreased an-
tibiotic susceptibility for cefixime or
ceftriaxone is defined by the Clinical and
Laboratory Standards Institute (CLSI) as
MICs =0.5 pg/mL; criteria for cefixime
and ceftriaxone resistance in N. gonor-
rhoeae have not been defined.® Because
few isolates exhibited decreased suscep-
tibility and increases in MICs can pre-
cede the emergence of resistance, the per-
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centage of isolates with elevated MICs
(=0.25 pg/ml for cefixime and =0.125
pg/mL for ceftriaxone) was assessed to
determine if MICs to cephalosporins
were increasing with time. These break-
points were used in GISP for surveil-
lance purposes. The analyses were strati-
fied by U.S. census region and sex of sex
partner. The South and Northeast re-
gions were combined because fewer
samples are collected in the eastern half
of the country compared with the west-
ern half. Sex of sex partner was catego-
rized as MSM or men who have sex
exclusively with women (MSW). Resis-
tance to penicillin (MIC =2.0 pg/mL),
tetracycline (MIC =2.0 pg/mL), and cip-
rofloxacin (MIC =1.0 pg/mlL), a fluoro-
quinolone, were assessed. Cochran-
Armitage trend tests were performed to
assess statistical significance (p<<0.05).

An average of 5,865 isolates (range:
5,367-6,552) were tested annually dur-
ing 2000-2010. Overall, the percentage
of isolates with cefixime MICs =0.25
pg/mL increased from 0.2% to 1.4% dur-
ing 2000-2010 (p<<0.001). The percent-
age of isolates with ceftriaxone MICs
=0.125 pg/mL increased from 0.1% to
0.3% during 2000-2010 (p=0.047).
From 2000 to 2010, in the western re-
gion, the percentage of isolates with ce-
fixime MICs =0.25 pg/mL increased
from 0% to 3.3% (p<<0.001), and the per-
centage of isolates with ceftriaxone MICs
=0.125 pg/mL increased from 0% to
0.5% (p<<0.001). In the western region,
the most prominent increases in cefix-
ime MICs were observed in Honolulu,
Hawaii (0% in 2000 and 7.7% in 2010
[p<<0.001]), and in California (0% in
2000 and 4.5% in 2010 [p<<0.001]). An
increase in ceftriaxone MICs also was ob-
served in California (0% in 2000 and
0.6% in 2010 [p=0.001]).

Among MSM, the percentage of iso-
lates with cefixime MICs =0.25 pg/mL
increased from 0% in 2000 to 4.0% dur-
ing 2010 (p<<0.001), and the percent-
age of isolates with ceftriaxone MICs
=0.125 pg/mL increased from 0% to
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What is already known
on this topic?

Cephalosporins are a critical com-
ponent of CDC-recommended gon-
orrhea treatment; however, declin-
ing cephalosporin susceptibility and
cephalosporin treatment failures have
been reported in Asia and Europe.

What is added by this report?
This report describes current trends
in cephalosporin susceptibility
among Neisseria gonorrhoeae iso-
lates in the United States: minimum
inhibitory concentrations (MICs) to
cephalosporins are increasing, sug-
gesting that susceptibility to cepha-
losporins might be declining. The
prevalence of isolates with elevated
MICs remains low overall.

What are the implications

for public health practice?
Health-care providers should use
ceftriaxone and azithromycin for treat-
ment of gonorrhea, remain vigilant for
gonorrhea cephalosporin treatment
failures, and report treatment fail-
ures to their local or state health de-
partments. Local and state health de-
partments should promote the
maintenance of local gonococcal cul-
ture capacity, establish options for lo-
cal gonococcal antibiotic susceptibil-
ity testing, consider enhancing
surveillance for cephalosporin-
resistant gonorrhea, and report gon-
orrhea cases with cephalosporin treat-
ment failure to CDC.

0.9% (p<<0.001). Overall, no statisti-
cally significant increases occurred in ce-
fixime or ceftriaxone MICs among MSW.
Regionally, increases in the percentage
of isolates with cefixime MICs =0.25
pg/mL among MSM were observed in all
regions during 2000-2010 (West: 0% in
2000 and 5.0% in 2010 [p<<0.001]; Mid-
west: 0% in 2000 and 3.4% in 2010
[p=0.001]; Northeast and South: 0% in
2000 and 0.9% in 2010 [p=0.035]). A
significant increase among MSW was
identified in the West (0% in 2000 and
1.3% in 2010 [p<<0.001]); however, no
change occurred in the Midwest (0.3%
in 2000 and 0.1% in 2010), and a sig-
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nificant decrease occurred in the North-
east and South (0.4% in 2000 and 0% in
2010 [p<<0.001]). For isolates with ceftri-
axone MICs =0.125 pg/mL, significant
regional increases were observed among
MSM in the West (0% in 2000 and 0.8%
in 2010 [p<<0.001]) and Midwest (0%
in 2000 and 2.0% in 2010 [p=0.046])
and among MSW in the West (0% in
2000 and 0.2% in 2010 [p=0.008]); no
significant increases were observed
among MSM or MSW in other regions.
During 2009-2010, 13 (0.11%) of
11,323 isolates had decreased suscepti-
bility to cefixime (MICs=0.5 pg/mL),
compared with seven (0.02%) of 41,462
isolates during 2000-2006 (p<<0.001)
(isolates were not tested for cefixime sus-
ceptibility during 2007-2008). All 2009-
2010 isolates with decreased suscepti-
bility to cefixime were resistant to
tetracycline and ciprofloxacin, all but one
were resistant to penicillin, and none ex-
hibited decreased susceptibility to
azithromycin (=2 pg/mL). Twelve of the
men from whom the isolates were ob-
tained were MSM; 10 men resided in the
West, and three in the Midwest. No iso-
lates had decreased susceptibility to
ceftriaxone during 2000-2010.

Reported by: Carlos del Rio, MD, Rollins School of Pub-
lic Health, Emory Univ, Atlanta, Georgia. Geraldine Hall,
PhD, Dept of Clinical Pathology, Cleveland Clinic,
Cleveland, Ohio. Edward W. Hook, Div of Infectious
Disease, MD, Univ of Alabama at Birmingham. Wil-
liam L.H. Whittington, Dept of Medicine, Univ of
Washington. Robert D. Kirkcaldy, MD, John R. Papp,
PhD, Hillard Weinstock, MD, Div of STD Prevention,
National Center for HIV, Hepatitis, STD, and TB Pre-
vention; Erin L. Murray, PhD, EIS Officer, CDC. Cor-
responding contributor: Robert D. Kirkcaldy, rkirkcaldy
@cdc.gov, 404-639-8659.

CDC Editorial Note: The epidemio-
logic pattern of cephalosporin suscep-
tibility in the West and among MSM dur-
ing 2009-2010 is similar to that
previously observed during the emer-
gence of fluoroquinolone-resistant N.
gonorrhoeae in the United States.>7 Al-
though the history of fluoroquinolone-
resistant N. gonorrhoeae might not
predict the patterns of decreasing ceph-
alosporin susceptibility, the observed
trends are concerning. During 2001-
2010, decreased gonococcal suscepti-
bility to cephalosporins and reported
treatment failures have been docu-

mented in Asia.® Recently, two cases of
gonococcal treatment failure were re-
ported from Norway among hetero-
sexual men with gonococcal urethritis
treated with cefixime,” and a pharyn-
geal isolate with a ceftriaxone MIC=2.0
pg/mL was identified from a female com-
mercial sex worker in Japan.'°

The potential emergence of gonococ-
cal cephalosporin resistance is of particu-
lar concern because the U.S. gonorrhea
control strategy relies upon effective an-
tibiotic therapy. Previously, the emer-
gence and spread of gonococcal antibi-
otic resistance in the United States was
addressed by changing the recommended
antibiotics for treatment. No other well-
studied and effective antibiotic treatment
options or combinations currently are
available. The emergence of gonococcal
cephalosporin resistance would substan-
tially limit available treatment options.

In light of the diminished resources
available to STD control programs and
the past inability to prevent emergence
of resistance, the eventual emergence of
cephalosporin resistance appears likely.
Actions undertaken now could delay the
spread of cephalosporin-resistant strains
and mitigate the public health conse-
quences. Effective treatment of gonor-
rhea is essential and now requires two
antibiotics. The findings in this report
suggest that gonococcal resistance to ce-
fixime might emerge in the United States
before resistance to ceftriaxone. Ceftri-
axone is the most effective cephalo-
sporin for treatment of gonorrhea and
should be used for treatment of gonor-
rhea in combination with azithromycin
or doxycycline.* Azithromycin is pre-
ferred over doxycycline for dual therapy
with ceftriaxone; of the 2009-2010 iso-
lates with decreased susceptibility to ce-
fixime, none exhibited decreased sus-
ceptibility to azithromycin, and all of
them exhibited tetracycline resistance.
Based on the findings in this report, CDC
currently is recommending ceftriaxone
250 mg intramuscularly and azithromy-
cin 1 g orally as the most effective treat-
ment for uncomplicated gonorrhea.

In addition to effective treatment,
prompt recognition of cephalosporin-
resistant gonorrhea is critical. Al-
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though GISP has been successful in
identifying important shifts in gono-
coccal epidemiology and antimicro-
bial susceptibility, its effectiveness
should be complemented through part-
nerships with local health depart-
ments and health-care providers. Cli-
nicians should remain vigilant for
treatment failures (evidenced by per-
sistent symptoms or a positive fol-
low-up test despite treatment) among
patients treated for gonorrhea with
CDC-recommended antibiotics and ob-
tain specimens for gonococcal culture
from patients with possible treatment
failure. Clinicians caring for patients
with gonorrhea, particularly MSM in
the western United States, might con-
sider having patients return 1 week af-
ter treatment for test-of-cure with cul-
ture, preferably, or with nucleic acid
amplification tests (NAATS).

If a patient experiences cefixime
treatment failure, clinicians should re-
treat the patient with 250 mg ceftriax-
one intramuscularly and 2 g azithro-
mycin orally.” If a patient experiences
a ceftriaxone treatment failure, clini-
cians should consult with an infec-
tious disease expert and CDC regard-
ing re-treatment. These patients should
return for tests-of-cure within 1 week,
preferably with culture, or, if culture is
not available, with NAAT. If the fol-
low-up NAAT result is positive, a speci-
men for culture should be obtained. Cli-
nicians also should ensure that the
patient’s sex partners from the preced-
ing 2 months are tested for gonorrhea
(preferably with culture) and empiri-
cally treated with ceftriaxone 250 mg
intramuscularly and azithromycin 2 g
orally. Finally, these treatment fail-
ures should be reported to the local or
state health department within 24
hours. Laboratorians are requested to
report gonococcal isolates with de-
creased cefixime or ceftriaxone suscep-
tibility (=0.5 pg/mL) to their local or
state health departments within 24
hours of identification. Local and state
health departments are requested to re-
port these cases immediately to CDC
(gispinfo@cdc.gov or 404-639-8659).
Isolates can be submitted to CDC’s
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Neisseria Reference Laboratory for con-
firmation susceptibility testing.*

Local and state health departments
also should promote maintenance of lo-
cal gonococcal culture capacity, despite
the widespread use of NAATs. Gono-
coccal antibiotic susceptibility testing
(AST), necessary for identification of re-
sistant isolates, only can be performed
with culture specimens. Health depart-
ments should establish options for lo-
cal availability of gonococcal cultures and
AST, and consider enhancing surveil-
lance for cephalosporin-resistant gon-
orrhea. Options for local culture and AST
availability might involve building or en-
hancing local gonorrhea reference labo-
ratory testing capacity, partnering with
regional clinical laboratories or aca-
demic institutions, or sending isolates to
CDC for susceptibility testing. En-
hanced surveillance might include moni-
toring of multiple cases from the same
patient reported within 30-60 days, of-
ten discarded as presumed duplicates. Fi-
nally, effective alternative antibiotics or
antibiotic combinations for the treat-
ment of gonorrhea are needed ur-
gently; thus, the development of novel
antibiotics and clinical trials to study
combinations of existing antibiotics is
necessary.

The findings in this report are sub-
ject to atleast two limitations. First, data
available in GISP only include results
from urethral gonococcal isolates from
males attending publicly funded STD
clinics. Second, the clinical signifi-
cance of shifts in MICs below CLSI cri-
teria for decreased susceptibility is un-
clear, and transient increases and
decreases in cephalosporin MICs have
been observed previously in GISP.
However, in light of similar trends in
other regions of the world, the pat-
terns observed in GISP with higher
MICs in isolates from the west and
MSM, and the ability of N. gonor-
rhoeae to develop resistance, the in-
creasing MICs to cephalosporins in the
United States are concerning. Vigi-
lance of clinicians and enhanced sur-
veillance by local and state health de-
partments will be critical for early
detection of treatment failures.
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LEAD EXPOSURE CAN RESULT IN ACUTE
or chronic adverse effects in multiple
organ systems, ranging from sub-
clinical changes in function to symp-
tomatic, life-threatening toxicity.
Despite improvements in public
health policies and substantial reduc-
tions in blood lead levels (BLLs) in
adults, lead exposure remains an
important health problem world-
wide. Approximately 95% of all
elevated BLLs reported among adults
in the United States are work-
related,! and recent research has
raised concerns regarding the toxic-
ity of BLLs as low as 5 pg/dL.?3
CDC’s state-based Adult Blood Lead
Epidemiology and Surveillance
(ABLES) program tracks laboratory-
reported elevated BLLs. To update
rate trends and identify industry sub-
sectors and nonoccupational activi-
ties with high lead exposures, CDC
collected and analyzed 2008-2009
data from 40 state ABLES programs.
The results of that analysis indicated
that a decline in the prevalence of
elevated BLLs (=25 pg/dL) was
extended, from 14.0 per 100,000
employed adults in 1994 to 6.3 in
2009. Industry subsectors with the
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