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Salmonella enterica serotype Typhi infections in a Canadian
pediatric hospital: a retrospective case series
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Background: In developed countries, typhoid fever generally occurs in travellers or recent immigrants from endemic areas. Our aim
was to describe the epidemiology of Salmonella enterica serotype Typhi infections among children presenting to a pediatric teaching
hospital in Montréal, Quebec.

Methods: We included all patients less than 18 years of age who presented to the Montreal Children’s Hospital between 1991 and
2011 with a laboratory-confirmed diagnosis of typhoid fever (Salmonella enterica ser. Typhi isolated from blood or stool) in a retrospec-
tive case series.

Results: During the study period, we identified 39 cases of typhoid fever (mean age of patient 7.5 yr). Four (10.3%) of these cases
occurred in newly arrived immigrants shortly after their arrival in Canada (median 15.5 d). Most cases (76.9%) occurred in children
who had visited friends and relatives in their home country. None of the travellers had received a vaccination against typhoid fever
before their departure. All cases presented with high fever (mean temperature 40.4°C) that lasted for a mean of 15.8 days. Common
accompanying symptoms included anorexia, abdominal pain, vomiting and diarrhea. All 39 isolates of S. enterica ser. Typhi were sus-
ceptible to third-generation cephalosporins, and 7 were resistant to ciprofloxacin. Ampicillin resistance occurred in 10 (25.6%) of the
isolates. No deaths occurred among the study participants.

Interpretation: Most cases of typhoid fever occurred in children who had travelled to endemic areas to visit friends and relatives.
Thus, there is a role for increased awareness on the part of family physicians and pediatricians caring for these children to discuss
travel-related infections during regularly scheduled appointments, because parents might not consult travel clinics or discuss their
travel plans before travelling back to their home country.

yphoid fever is a systemic febrile illness caused by

the bacterium Salmonella enterica serotype Typhi

that infects about 26.9 million people annually and
is responsible for more than 200 000 deaths each year world-
wide."” Overcrowded populations and poor hygienic condi-
tions predispose developing countries to being endemic for
typhoid fever, with the highest incidence found in the Indian
subcontinent and Southeast Asia.' The introduction of effec-
tive antibiotic treatment has substantially reversed this life-
threatening disease into a readily treatable condition. How-
ever, the emergence of multidrug-resistant strains of the
bacterium in recent years, the lack of rapid diagnostic tests
and increasing globalization have led to new challenges in
the management of typhoid fever as a serious global public
health concern.

Early studies showed that children and young adults
between the ages of 5 and 25 years were the most likely group
to be admitted to hospital for typhoid fever;** thus, it was
thought to be a disease predominantly affecting school-aged
and adolescent children. In 1999, however, a large cohort

E56 CMAJ OPEN

study including more than 8000 people in Kalkaji, Delhi,
India, showed that 44% of culture-positive cases of typhoid
fever occurred in children less than 5 years of age.” More
recently, an Indian study profiling children in hospital in
Chennai, India, showed that almost 50% of patients in hospi-
tal with typhoid fever were 5 years old or younger.®

In developed countries, this infection is generally seen in
travellers or recent immigrants from endemic areas. Consider-
ing the population served by our hospital, the objective of our
study was to describe the epidemiology of S. enterica ser. Typhi
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infections among children presenting to the Montreal Chil-
dren’s Hospital from 1991 to 2011. Our aim was to improve
preventive strategies for this infection.

Study setting

Montréal, Quebec, is an economically and culturally diverse
urban centre. Its metropolitan area has a population of about
1.8 million people, an estimated 28% of whom are interna-
tional immigrants.” More than 120 ethnic communities are
represented in this population, and statistics from 2006
reported that most newly arrived immigrants came from Asia
(31.1%) and Africa (27.8%).” The Montreal Children’s Hospi-
tal is a pediatric tertiary care centre affiliated with the McGill
University Health Centre. The hospital is in downtown Mon-
tréal and receives about 5000-6500 emergency department
visits per month.

Study population

We included all patients less than 18 years of age who pre-
sented to the hospital with a laboratory-confirmed diagnosis
of S. enterica ser. Typhi infection from January 1991 to
December 2011. We defined a case as a culture from blood or
stool positive for S. enterica ser. Typhi. We identified cases
from the database for the hospital’s microbiology laboratory.
Serology was not performed.

Study design
We performed a retrospective chart review for all identified
patients. We used standard data extraction forms to collect
the following patient data: demographic characteristics (date
of birth, sex, postal code of residence), country of origin,
travel destination and vaccination status (including pretravel
counselling, if available). We also collected data on the
patients’ clinical presentations and course of illness, antimi-
crobial susceptibility profiles of the isolates, and treatments
and outcomes. Owing to changes in laboratory standards,
susceptibility profiles changed over time. All available data
were recorded.

Ethics approval was obtained from the Director of Profes-
sional Services at the Montreal Children’s Hospital before we
began this chart review.

Statistical analysis

We performed univariate analysis using descriptive statistics
(mean, median and standard deviation), relative risk with 95%
confidence intervals (Cls) and # tests.

During the study period, we identified 39 children who pre-
sented to the Montreal Children’s Hospital with typhoid fever.
The patients’ ages ranged from 10 months to 17.7 years
(mean 7.5 [+ 4.8] yr) (Table 1). Five children were less than 2
years of age. The annual number of cases varied between 0
and 6 (Figure 1).
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Twenty-seven patients (69.2%) were born in Canada, whereas
12 (30.8%) were born abroad but lived in Canada at the time of
presentation (Table 1). Patients who had immigrated to Canada
had arrived a mean of 4.9 (= 5.6) years before their illness began
(median 3.0 yr [range 2 d to 13.5 yr]) (Table 1). Thirty (76.9%)
patients had travelled abroad before their infection (Table 1), and
4 patdents (10.2%) were recently landed immigrants or refugees
from endemic areas. A date of arrival in Canada was missing for 2
patients who had immigrated to Canada, and 3 patients had no
recorded travel outside of Canada (although 1 patent had lived
in Ivujivik in northern Quebec, where typhoid fever has been
documented).® Newly arrived immigrants and refugees had been
in Canada for a mean of 16.3 [+ 13.1] days before illness began
(median 15.5 [range 2-32] d). The most common travel destina-
tions were Bangladesh (33.3%), India (26.7%), Pakistan (16.7%)
and Lebanon (6.7%) (Table 1). Travel to Bahrain, Ghana, Hait,
Jordan and Peru was also reported. The median duration of these
trips was 90 (range 14-912) days. Of note, only 1 child took
malaria prophylaxis while travelling, and none of the patients had

Table 1: Baseline characteristics of pediatric patients with
positive results on culture for S. enterica ser. Typhi
No. (%)*
Characteristic n=39
Female sex 19 (48.7)
Age, yr, mean + SD 75+4.8
Country of origin
Canada 27 (69.2)
Bangladesh 6 (15.4)
India 3 (7.7)
Bahrain 1 (2.6)
Japan (arrived via Bangladesh) 1 (2.6)
Pakistan 1 (2.6)
Time in Canada before presentationt (if born 49+5.6
outside Canada), yr, median + SD
Travel abroad before presentation 30 (76.9)
Travel destination
Bahrain 1 (3.3)
Bangladesh 10 (33.3)
Ghana 1 (3.3)
Haiti 1 (3.3)
India 8 (26.7)
Jordan 1 (3.3)
Lebanon 2 (6.7)
Pakistan 5 (16.7)
Peru 1 (3.3)
Duration of trip, d, median (range) 90 (14-912)
Malaria prophylaxis 1 (2.6)
Record of typhoid vaccination 0 (0.0)
Note: SD = standard deviation.
*Unless stated otherwise stated.
tMissing data for 2 patients.
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a record of having received a vaccination against typhoid fever
before departure (Table 1).

Children presented 12.6 [+ 11.1] days after the onset of ill-
ness. All of the patients presented with fever (mean tempera-
ture 40.4°C [+ 0.6°C]) that lasted for a mean of 15.8 days
(Table 2). The mean fever-clearance time after the start of
antibiotics was 4.8 (= 3.6) days. Other common symptoms
included anorexia (69.2%), abdominal pain (56.4%), vomiting
(48.7%) and diarrhea (46.2%).

Thirty-four children (87.1%) required admission to hospi-
tal, with a mean length of stay of 8.8 [+ 3.3] days (Table 3).
Thirty-six patients (92.3%) were given third-generation
cephalosporins (33 patients were given ceftriaxone; 3 patients
were given cefotaxime). Ten patients completed their course
of treatment with antibiotics administered orally, as deter-
mined by antimicrobial susceptibility results. The mean dura-
tion of the total course of antibiotics was 11.8 [+ 4.0] days.

Twenty-three patients received antibiotics before they pre-
sented to hospital. These included amoxicillin (5 patients),
penicillin (4 patients), ceftriaxone (2 patients), metronidazole
(2 patents), cefprozil (1 patient), ciprofloxacin (1 patient) and
amoxicillin—clavulinic acid (1 patient); 1 patient received both
ciprofloxacin and metronidazole; and 8 patients stated that
they had taken antibiotics but did not know which ones. Eight
patients did not receive antibiotics before presentation, and
data were not available for the remaining 8 patients.

Thirty-six patients (92.3%) had blood samples that grew S.
enterica ser. Typhi on culture, and 26 (66.7%) patients had stool
samples that grew the organism. One child had only a stool sam-
ple taken, and 5 children had only blood samples drawn. Two
children had negative results on blood sample cultures but posi-
tive results on stool sample cultures, whereas 6 children had
negative stool samples but positive blood samples. Two children
had stool samples taken for which the results were not available.
The mean length of time during which serial daily blood cul-
tures remained positive following the first positive blood culture
was 2.3 (x 1.3) days. Among the 39 isolates of S. enterica ser.

“Typhi isolated from patient blood, 29 (74.3) were susceptible to
ampicillin and trimethoprim—sulfamethoxazole, and all isolates
were susceptible to ceftriaxone. Eight different isolates from sep-
arate patients showed antibiotic resistance to both ampicillin and
trimethoprim—sulfamethoxazole. Seven isolates were resistant to
ciprofloxacin. Resistance to ampicillin was more common dur-
ing the latter half of the study period (4 of 21 isolates before
2000, compared with 6 of 18 isolates after 2000) (Figure 1). Tests
for resistance to ciprofloxacin were only routinely done on all
isolates from 2007 onward. Of the 30 isolates found before 2007,
4 showed sensitivity to ciprofloxacin; from 2007 to 2011, 7 of 9
isolates found showed resistance to the drug.

Complications after typhoid fever were reported for 15
patients (38.5%), including hepatitis (4 patients), coagulopa-
thy (3 patients), meningitis (2 patients), cholecystitis (1
patient), shock (1 patient), delirium (1 patient), sepsis requir-
ing administration of immunoglobulin intravenously (1
patient) and relapse requiring readmission (2 patients). Only 2
children required admission to the pediatric intensive care
unit (ICU) — 1 child had coagulopathy, and 1 child was
admitted primarily to establish vascular access. No deaths
occurred among participants. One patient needed 2 doses of
immunoglobulin administered intravenously. Complications
occurred in 33.3% of children under 5 years of age and in
36.8% of patients who had been febrile for more than 2
weeks. The average time to presentation after the onset of
symptoms for the 15 children who had complications was 13.3
(= 11.5) days, which is 1 day later than for children who did
not have complications but not a statistically significant delay.

Aside from the patterns of antibiotic resistance, we saw no
other significant changes over time.

Most of the cases of typhoid fever we identified during the
study period (76.9%) occurred in Canadians who had trav-
elled to endemic areas, mainly to the Indian subcontinent
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Figure 1: Distribution of cases of typhoid fever during the study period, by year sensitivity to ampicillin.
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(Bangladesh, India and Pakistan), where the incidence of the
disease exceeds 700 cases per 100 000 people per year.”

Although proper sanitation has greatly contributed to the
near elimination of typhoid fever in developed countries, this
infection remains a global public health concern. A meta-analysis
of 22 population-based studies reviewed the epidemiology of
typhoid fever in 2000 and found that the global burden of the
disease had increased in terms of annual morbidity but decreased
in mortality — from about 16 million cases and 600 000 deaths
in 1984, to 21 650 974 cases and 216 510 deaths 16 years later.' In
North America, 453 cases of typhoid fever were recorded in
2000," most of which occurred in returning travellers or new
arrivals from endemic areas. It has been estimated that the inci-
dence of typhoid fever among travellers to developing countries
was 3-30 cases per 100 000 travellers.! Further analysis, in 2010,
showed comparable findings, with an estimated worldwide inci-
dence of 26.9 million episodes and incidence rates ranging from
less than 0.1 per 100 000 in Europe and Central Asia to 724.6 per
100 000 in Sub-Saharan Africa and South Asia. North America
(excluding Latin America) was found to have an incidence rate of
0.1 per 100 000. Mortality in the most-affected areas was found
to be 7.2 per 100 000 in Sub-Saharan Africa and 3.9/100 000 in
South Asia.? In addition, American data have shown that 72%—
74% of people with S. enterica ser. Typhi infections had a history
of recent travel before their illness.”

"Typhoid fever remains a difficult diagnosis to make clinically
because of its nonspecific presentation. Consistent with current
literature, the most common symptoms and signs among
patients in our study were fever, anorexia, abdominal pain, diar-
rhea and vomiting. Constipation is often present in adults, but
diarrhea is a more common clinical feature in children."

Table 2: Clinical presentation of cases of typhoid fever in 39
pediatric patients
Signs/symptoms No. (%)*
Fever 39 (100.0)
Duration, d, mean (= SD) 15.8+7.9
Maximal temperature (average + SD) 40.4+0.6
Anorexia 27 (69.2)
Abdominal pain 22 (56.4)
Diarrhea 18 (46.2)
Vomiting 19 (48.7)
Headache 15 (38.5)
Constipation 5 (12.8)
Jaundice 2  (6.1)
Rash 1 (2.6)
Hepatosplenomegaly 8 (20.5)
Heart rate, beats/min, mean (+ SD) 123.4 + 23.6
Leukocyte count, cells/mL, mean (+ SD) 8.33 +4.07
Platelet count cells/mL, mean (+ SD)t 261+ 285
Note: SD = standard deviation.
*Unless otherwise stated.
tPlatelet range: 71-1802, median = 206
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The definitive diagnosis of typhoid fever relies on the iso-
lation of S. enterica ser. Typhi from blood samples, which pro-
duce positive cultures in 60%-85% of cases." Cultures from
bone marrow samples have greater sensitivity, estimated to be
as high as 95%, regardless of previous antibiotic treatment or
duration of illness, both of which have been associated with
reduced sensitivity of blood cultures. Cultures from stool sam-
ples have lower sensitivity, about 30%,!! usually showing posi-
tive results 1 week into the course of illness."” Our study pro-
vides further evidence of the superiority of blood over stool,
with only 81.3% of patients showing positive stool cultures,
compared with 94.7% of patients with positive blood cultures
when tested.

The rate of complications among our patients was higher
than has been reported in other studies, but the clinical pre-
sentation of the disease was milder compared with that
described previously (no deaths occurred and only 2 children
required admission to the pediatric ICU);'"" previous studies
have reported complications in 10%-15% of patients." In
previous research, a duration of illness of more than 2 weeks
was highly associated with gastrointestinal bleeding (10%),
intestinal perforation (1%-3%) and typhoid encephalopathy
(10%-40%)." This discrepancy in the rate of complications
may be because 60%-90% of patients with S. enterica ser.
Typhi infections worldwide receive treatment as outpa-
tients,™"* increasing the likelihood of losses to follow-up and
complications not being detected.

Table 3: Course and management of typhoid fever for 39

pediatric patients

Characteristic No. (%)*

Admission to hospital 34 (87.2)

Length of stay, d, mean + SD 8.8 +3.3

Received antibiotics before admission 23 (59.0)

In-patient treatmentt
Ceftriaxone 33 (84.6)
Cefotaxime 3 (7.7)
Ampicillin 2 (5.1)
Clindamycin 1 (2.6)
Gentamicin 1 (2.6)
Metronidazole 1 (2.6)

Discharged while still taking antibiotic agent 21 (53.8)
Ceftriaxone 11 (28.2)
Amoxicillin 5 (12.8)
Trimethoprim—sulfamethoxazole 3 (7.7)
Ciprofloxacin 1 (2.6)
Erythromycin 1 (2.6)

Complications (shock, relapse, coagulopathy,t 15 (38.5)

cholecystitis, hepatitis)

Note: SD = standard deviation.

*Unless otherwise stated.

tSome patients received more than 1 agent.

iDisseminated intravascular coagulation.
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None of our patients died, nor did they require surgical
interventions. Recent population-based studies from South
Asia suggest that children under 5 years of age had the highest
incidence of complications, in contrast to previous reports
from Latin America and Africa that had described a milder
disease in infancy and childhood.*"*

The mainstay in the treatment of typhoid fever is anti-
biotic therapy. Historically, chloramphenicol, amoxicillin and
trimethoprim-sulfamethoxazole constituted first-line thera-
pies for uncomplicated and fully susceptible strains of the
causative organism.””" However, the emergence of chloram-
phenicol-resistant typhoid fever in 1972 and the subsequent
resistance to all first-line agents in the late 1980s contributed
to the widespread use of fluoroquinolones.” The efficacy of
quinolones in the treatment of typhoid fever has been con-
firmed in multiple randomized controlled trials (RCTs) in
which the cure rates exceeded 96%, and the use of these
agents have proven safe for all age groups, including chil-
dren.” Of note, however, we do document resistance to some
fluoroquinolones in 7 of 9 isolates after 2007 (when our labo-
ratory began routinely testing for ciprofloxacin resistance).
Recently, an Australian group has shown an increase in resis-
tance to nalidixic acid (also a fluoroquinolone) and suggests
ceftriaxone or azithromycin as appropriate first-line agents.”
Our results would support this suggestion.

Most of our patients received ceftriaxone intravenously as
first-line therapy. The mean fever-clearance time after the
start of antibiotics in our study population was comparable
with that reported in RCTS using cephalosporins.”* Only 2
of our patients, both of whom had received ceftriaxone,
underwent relapse requiring readmission, which is a rate simi-
lar to that of 3%-6% reported in the literature.”*****

Because humans are the only reservoir for S. enterica ser.
Typhi, control of the disease could theoretically be achieved
by giving adequate antimicrobial treatment to patients with
clinical cases and to asymptomatic carriers of the bacterium.
However, the role of vaccination as a preventive measure is of
greater importance in controlling the spread of the disease.””
Vaccines against typhoid fever are available and recommended
for travellers to endemic areas; however, none of our patients
had received the vaccine before travel. This may be due to the
risk of infection upon travelling being considered benign, or
simply not considered, by parents who lived in these endemic
areas without becoming sick and who are returning to visit
friends and relatives.

"Two vaccines against typhoid recommended since 2000 by
the World Health Organization both offer protection rang-
ing from 50% to 80%* during the first year after vaccina-
tion:** the live, attenuated oral vaccine Ty21a and the Vi-
based polysaccharide vaccine. Both vaccines are generally
well-tolerated. The Ty21a vaccine is contraindicated in preg-
nant women, children less than 5 years of age, patients with
an acute gastrointestinal condition or inflammatory bowel
disease and those who are immunocompromised. Revaccina-
tion may be repeated after 7 years have elapsed. The Vi poly-
saccharide vaccine is administered as a single intramuscular
dose and can be given to travellers over the age of 2 years,
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with a booster given if more than 2-3 years have elapsed
since the previous vaccination.” Despite vaccination, routine
protective measures should be practiced, such as drinking
boiled or bottled water, and cooking and peeling fruits and
vegetables, because immunity can be overcome if a large
number of organisms are ingested.”

Limitations

Although our study was conducted at a single centre in a large
metropolitan area, we were only able to identify a small number
of cases. In addition, the laboratory testing for antibiotic sensi-
tivities has changed over time, thus the resistance pattern for
some antibiotics (e.g., ciprofloxacin) could not be completely
established from our dataset. However, for instances in which
data were only partially available, we have stated so in the text.

Conclusion

Most of the cases of typhoid fever we identified in our centre
occurred in children returning from endemic areas who had
not received vaccination against the disease. Although
uncommon, the clinical diagnosis of typhoid fever remains
difficult and should be considered in a febrile traveller. Our
study shows the importance of blood and stool samples being
taken from all travellers presenting with fever; stool samples
alone may not always be sufficient. Furthermore, we recom-
mend testing for sensitivity to fluoroquinolones because resis-
tance to these agents appears to be increasing. Given this
increasing resistance in various areas of the world, fluoro-
quinolones should not be used as first-line agents, but rather
cefixime or azithromycin administered orally, or ceftriaxone
or cefotaxime administered parenterally.’!

The availability of 2 approved vaccines makes this disease
potentially preventable for travellers. Family physicians and
pediatricians should emphasize the risk of typhoid fever and
other travel-related infections (e.g., malaria) to their patients,
especially children whose parents are from endemic areas. This
counselling, which should include discussion about safe foods
and water, as well as sanitation and hygiene, may be part of reg-
ularly scheduled appointments, because parents may not seek
medical advice before travelling to their home country.
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