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In February 2018, a typhoid fever outbreak caused by
Salmonella enterica serotype Typhi (Typhi), resistant to chlor-
amphenicol, ampicillin, trimethoprim-sulfamethoxazole,
fluoroquinolones, and third-generation cephalosporins, was
reported in Pakistan. During November 2016-September
2017, 339 cases of this extensively drug-resistant (XDR)
Typhi strain were reported in Pakistan, mostly in Karachi
and Hyderabad; one travel-associated case was also reported
from the United Kingdom (7). More cases have been detected
in Karachi and Hyderabad as surveillance efforts have been
strengthened, with recent reports increasing the number
of cases to 5,372 (2). In the United States, in response to
the reports from Pakistan, enhanced surveillance identified
29 patients with typhoid fever who had traveled to or from
Pakistan during 2016-2018, including five with XDR Typhi.
Travelers to areas with endemic disease, such as South Asia,
should be vaccinated against typhoid fever before traveling
and follow safe food and water practices. Clinicians should
be aware that most typhoid fever infections in the United
States are fluoroquinolone nonsusceptible and that the XDR
Typhi outbreak strain associated with travel to Pakistan is only
susceptible to azithromycin and carbapenems.

Typhoid fever is a systemic febrile illness that requires prompt
antibiotic treatment.* Worldwide, approximately 12-27 million
cases of typhoid fever occur annually (3). In the United States,
approximately 350 culture-confirmed cases are reported to CDC
each year. Most U.S. patients report having traveled internationally
within the preceding 30 days. Over the past several decades, the
emergence of Typhi that is multidrug resistant (MDR) to historically
used first-line antibiotics, such as chloramphenicol, ampicillin, and
trimethoprim-sulfamethoxazole, led to the use of fluoroquinolones
(e.g., ciprofloxacin) as the first-line treatment (4). However, since the
early 2000s, increasing fluoroquinolone nonsusceptibility (interme-
diate or full resistance to ciprofloxacin), especially in South Asia, has
led to the use of third-generation cephalosporins (e.g., ceftriaxone)
as a recommended first-line treatment.

Local and state health departments report culture-confirmed
Typhi to CDC’s National Typhoid and Paratyphoid Fever
Surveillance (NTPES) system (5). Information is collected on
travel history in the 30 days preceding illness. Public health

*heeps:/ fwww.cde.gov/typhoid-fever/symptoms.heml.
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laboratories in 54 state and local health departments forward
all Typhi isolates to CDC’s National Antimicrobial Resistance
Monitoring System (NARMS) in batched shipments for
antimicrobial susceptibility testing (6). The NARMS labora-
tory uses broth microdilution to determine the minimum
inhibitory concentration (MIC) for 14 antimicrobial agents.
Resistance is defined by MIC breakpoints established by the
Clinical and Laboratory Standards Institute (CLSI) where
available (7). Typhi isolates are categorized as fluoroquinolone
nonsusceptible if their MICs are classified as intermediate
(MIC 20.12-0.5 pg/mL) or resistant (MIC 21.0 yg/mL) to
ciprofloxacin. Typhi isolates are defined as MDR if they are
resistant to chloramphenicol, ampicillin, and trimethoprim-
sulfamethoxazole, and as XDR if they are MDR, nonsuscep-
tible to fluoroquinolones, and resistant to third-generation
cephalosporins. In March 2018, CDC enhanced surveillance
for typhoid fever by asking state and local health departments
to interview every patient with typhoid fever about travel to
or from Pakistan and to expedite submission of Typhi isolates
from these patients to CDC. Surveillance data from NARMS
and NTPES from 20062015 were compared with data from
2016-2018 and reviewed for XDR cases among persons who
traveled to Pakistan.

During 2006-2015, a total of 3,538 patients with culture-
confirmed typhoid fever were reported to NTPES (median =
338 patients annually), including 244 (7%) who traveled to
only Pakistan in the 30 days before onset (median = 23 patients
annually) (Table 1). During 20062015, NARMS tested 3,598
Typhi isolates. Among these, 2,350 (65%) were fluoroquino-
lone nonsusceptible, 418 (12%) were MDR, and none had
resistance to ceftriaxone. Fluoroquinolone nonsusceptibility
increased from 55% (177 of 323 isolates) in 2006 to 66%
(221 of 336) in 2015. Information on international travel
was available for 2,242 (62%) patients with isolates tested by
NARMS; 169 (8%) traveled to only Pakistan. Of 169 isolates
from travelers to Pakistan, 133 (79%) were fluoroquinolone
nonsusceptible and 85 (50%) were MDR (Table 1). During
2016-2018, 29 patients with typhoid fever reported travel
to or from Pakistan and had isolates tested for antimicrobial
susceptibility; among these, five patients had XDR Typhi
(Table 2). All patients with XDR Typhi who had traveled to

MMWR / January 11,2019 / Vol.68 / No. 1 11


https://www.cdc.gov/typhoid-fever/symptoms.html

Morbidity and Mortality Weekly Report

TABLE 1. Number of patients with laboratory-confirmed typhoid
fever reported to CDC'’s National Typhoid and Paratyphoid Fever
Surveillance System, number of isolates tested by the National
Antimicrobial Resistance Monitoring System (NARMS), and antibiotic
susceptibility — United States, 2006-2015

No. of patients with

Characteristic No. travel to Pakistan only
Patients with laboratory- 3,538 244
confirmed typhoid fever
Typhi isolates tested by NARMS* 3,598 169
Fluoroquinolone nonsusceptible 2,350 (65) 133 (79)
(% of isolates tested)t
MDR (% of isolates tested)t 418(12) 85 (50)
Ceftriaxone-resistant 0 0

Abbreviation: MDR = multidrug resistant (resistant to chloramphenicol,

ampicillin, and trimethoprim-sulfamethoxazole).

* Representing 2,242 patients with confirmed typhoid fever for whom travel
information was available.

T Not mutually exclusive.

or from Pakistan were children aged 4-12 years and traveled
to or from Pakistan during late 2017 through mid-2018.

Discussion

A large typhoid fever outbreak in Pakistan has resulted in
5,372 XDR Typhi cases reported during 2016-2018, and
five travel-related cases in the United States. Approximately
250,000 trips to Pakistan were taken from the United States
in 2017 (modeled data from OAG, Inc., https://www.oag.
com); travelers to Pakistan might be at risk for acquiring XDR
Typhi and having limited treatment options. Spread of the
XDR Typhi strain to neighboring countries, such as India,
might occur; approximately 2.4 million trips from the United
States to India were taken in 2017 (modeled data from OAG,
Inc.), and returning travelers from India typically account
for 57%-69% of typhoid fever cases reported to CDC (5,8).

Providers caring for patients with suspected typhoid fever
should obtain a travel history, blood and stool cultures, and
antimicrobial susceptibility testing. Serologic tests have several
limitations and do not yield a bacterial isolate that can be
used for antimicrobial susceptibility testing; they should not
be used to diagnose typhoid fever. Patients with confirmed
typhoid fever should be reported to the local health depart-
ment. Health departments should notify CDC of typhoid fever
cases and send all Typhi isolates to NARMS for antimicrobial
susceptibility testing.

Most typhoid fever infections diagnosed in the United
States are fluoroquinolone nonsusceptible; therefore, health
care providers should not use fluoroquinolones as empiric
therapy, especially in returning travelers from South Asia (8).
Fluoroquinolone nonsusceptibility has been associated with
treatment failure or delayed clinical response (4). Typhoid fever
relapses involving a similar, but often less severe, illness can
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TABLE 2. Characteristics of 29 patients with culture-confirmed
typhoid fever who traveled to or from Pakistan — National Typhoid
and Paratyphoid Fever Surveillance System, United States,
2016-2018*

Characteristic No. (%)
Sex

Male 14 (48)
Female 15 (52)
Age group (yrs)

0-5 5(17)
6-11 9(31)
12-17 8(28)
18-44 621
45-63 1(3)
Traveled to visit friends or relatives

Yes 24 (83)
No 1(3)
Unknown 4(14)
Antibiotic resistance®

Pansusceptible 2(7)
Fluoroquinolone nonsusceptible 9(31)
Fluoroquinolone nonsusceptible and MDR 13 (45)
XDRS 5(17)

Abbreviations: MDR = multidrug resistant; XDR = extensively drug-resistant.

* Includes patients reported to CDC through October 12, 2018.

T Based on the following four mutually exclusive categories: 1) pansusceptible;
2) fluoroquinolone nonsusceptible; 3) fluoroquinolone nonsusceptible and
MDR (resistant to chloramphenicol, ampicillin, and trimethoprim-
sulfamethoxazole); and 4) XDR (fluoroquinolone nonsusceptible, MDR, and
resistant to third-generation cephalosporins).

§ Patients with XDR Typhi were aged 4-12 years.

occur even with appropriate treatment, typically 1-3 weeks
after initial clinical improvement (4).

The emergence of fluoroquinolone nonsusceptible strains
that are resistant to third-generation cephalosporins, such
as ceftriaxone, in Pakistan and other countries complicates
typhoid fever treatment.” The XDR Typhi strain is only suscep-
tible to azithromycin and carbapenems. Azithromycin should
be used to treat patients with suspected uncomplicated typhoid
fever who have traveled to or from Pakistan. Azithromycin
dosing for typhoid fever is higher than the dosage for more
routine indications (9). Patients with suspected severe or
complicated typhoid fever (which includes encephalopathy,
intestinal perforation, peritonitis, intestinal hemorrhage, or
bacteremia with sepsis or shock) and who have traveled to or
from Pakistan might need to be treated with a carbapenem
(9). Treatment regimens can be adjusted when culture and
sensitivity results are available.

Effective strategies to promote pretravel typhoid vaccination,
surveillance with rapid reporting of XDR Typhi cases, and
use of alternative empiric treatments when clinical suspicion
is high are critical to preventing and treating further travel-
associated cases. Two typhoid fever vaccines are available in
the United States for travelers: an oral live, attenuated vaccine

Thetps://doi.org/10.1128/mBio.02112-18.
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prevention efforts that include vaccination in the face of

Summar NP . .
y diminishing therapeutic options.

What is already known about this topic?
: b tREhis Sop! Corresponding author: Kevin Chatham-Stephens, xdc4@cdc.gov,

Extensively drug-resistant (XDR) Salmonella Typhi causing a 404-718-4554.
typhoid fever outbreak in Pakistan is susceptible only to

azithromycin and carbapenems.
What is added by this report?

During 2006-2015, 79% of U.S. isolates from typhoid fever
patients who traveled to Pakistan were fluoroquinolone
nonsusceptible. During 2016-2018, typhoid fever was diag-
nosed in 29 U.S. patients with recent Pakistan travel; five had
XDR Typhi.
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What are the implications for public health practice?

Vaccination can help prevent typhoid fever. Fluoroquinolones
should not be used for empiric treatment of typhoid fever
patients who traveled to South Asia. Patients with travel to
Pakistan should be treated with azithromycin for uncomplicated
typhoid fever and with carbapenems for complicated disease.

(Vivotif) and an intramuscular Vi capsular polysaccharide
vaccine (Typhim Vi). Both vaccines are moderately effective,
protecting 50%—80% of recipients. The oral vaccine can be
given to persons aged >6 years at least 1 week before travel,
and the intramuscular vaccine can be given to persons aged
>2 years at least 2 weeks before travel (10).

The findings in this report are subject to at least two limi-
tations. First, surveillance data from NTPFS and NARMS
identify only culture-confirmed infections, which represent a
fraction of all infections. Second, some Typhi isolates were from
patients for whom a case report form with travel information
was not sent to NTPFES; thus travel history and resistance data
were not available for all confirmed cases of typhoid fever.

Vaccination and safe food and water practices (only drink-
ing water that is disinfected or bottled and washing hands
before eating) while traveling provide the best protection from
typhoid fever (10). Travelers should seek medical care if they
become ill while traveling abroad or after returning home.
Early clinical suspicion for typhoid fever can ensure that cul-
tures are sent to the laboratory and that appropriate antibiotic
treatment is started quickly, thereby reducing morbidity and
mortality. In the United States, collaboration among health
care providers, local and state health departments, and CDC
is essential to ensuring that emerging resistance patterns are
identified quickly and that patients receive appropriate treat-
ment. Globally, public health partners should work to improve

US Department of Health and Human Services/Centers for Disease Control and Prevention

Health, Boston, Massachusetts.

All authors have completed and submitted the ICMJE form for

10.

disclosure of potential conflicts of interest. No potential conflicts of
interest were disclosed.

References

. Klemm EJ, Shakoor S, Page AJ, et al. Emergence of an extensively drug-

resistant Salmonella enterica serovar Typhi clone harboring a promiscuous
plasmid encoding resistance to fluoroquinolones and third-generation
cephalosporins. MBio 2018;9:¢00105-18. https://doi.org/10.1128/
mBio.00105-18

. World Health Organization Regional Office for Eastern Mediterranean.

Weekly epidemiological monitor: disease outbreaks in Eastern
Mediterranean Region (EMR), January to December 2018. Cairo, Egypt:
World Health Organization Regional Office for Eastern Mediterranean;
2018. http://applications.emro.who.int/docs/epi/2018/Epi_
Monitor_2018_11_52.pdftua=1

. Mogasale V, Maskery B, Ochiai RL, et al. Burden of typhoid fever in

low-income and middle-income countries: a systematic, literature-based
update with risk-factor adjustment. Lancet Glob Health 2014;2:¢570-80.
hetps://doi.org/10.1016/52214-109X(14)70301-8

. Crump JA, §jolund-Karlsson M, Gordon MA, Parry CM. Epidemiology,

clinical presentation, laboratory diagnosis, antimicrobial resistance, and
antimicrobial management of invasive Sa/monella infections. Clin Microbiol

Rev 2015;28:901-37. https://doi.org/10.1128/CMR.00002-15

. CDC. National typhoid and paratyphoid fever surveillance. Atlanta,

GA: US Department of Health and Human Services, CDC; 2017.
hetps://www.cdc.gov/typhoid-fever/surveillance.html

. CDC. National antimicrobial resistance monitoring system for enteric

bacteria (NARMS) annual reports and interactive data. Atlanta, GA:
US Department of Health and Human Services, CDC; 2016. hteps://

www.cdc.gov/narms/reports/index.heml

. Clinical and Laboratory Standards Institute. Performance standards for

antimicrobial susceptibility testing. 28th ed. Wayne, PA: Clinical and
Laboratory Standards Institute; 2018.

. Date KA, Newton AE, Medalla F, et al. Changing patterns in enteric

fever incidence and increasing antibiotic resistance of enteric fever isolates
in the United States, 2008—2012. Clin Infect Dis 2016;63:322-9.
hetps://doi.org/10.1093/cid/ciw232

. Ryan ET, Andrews J. Treatment and prevention of enteric (typhoid and

paratyphoid) fever. UpToDate 2018. https://www.uptodate.com/
contents/treatment-and-prevention-of-enteric-typhoid-and-
paratyphoid-fever?topicRef=2708&source=related_link

CDC. CDC yellow book 2018: health information for international
travel. New York, NY: Oxford University Press; 2017.

MMWR / January 11,2019 / Vol.68 / No. 1 13


mailto:xdc4@cdc.gov
https://doi.org/10.1128/mBio.00105-18
https://doi.org/10.1128/mBio.00105-18
http://applications.emro.who.int/docs/epi/2018/Epi_Monitor_2018_11_52.pdf?ua=1
http://applications.emro.who.int/docs/epi/2018/Epi_Monitor_2018_11_52.pdf?ua=1
https://doi.org/10.1016/S2214-109X(14)70301-8
https://doi.org/10.1128/CMR.00002-15
https://www.cdc.gov/typhoid-fever/surveillance.html
https://www.cdc.gov/narms/reports/index.html
https://www.cdc.gov/narms/reports/index.html
https://doi.org/10.1093/cid/ciw232
https://www.uptodate.com/contents/treatment-and-prevention-of-enteric-typhoid-and-paratyphoid-fever?topicRef=2708&source=related_link
https://www.uptodate.com/contents/treatment-and-prevention-of-enteric-typhoid-and-paratyphoid-fever?topicRef=2708&source=related_link
https://www.uptodate.com/contents/treatment-and-prevention-of-enteric-typhoid-and-paratyphoid-fever?topicRef=2708&source=related_link



