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PREAMBLE

The Committee to Advise on Tropical Medicine and Travel (CATMAT) provides the Public Health
Agency of Canada with ongoing and timely medical, scientific, and public health advice relating
to tropical infectious disease and health risks associated with international travel. The Agency
acknowledges that the advice and recommendations set out in this statement are based upon
the best current available scientific knowledge and medical practices, and is disseminating

this document for information purposes to both travellers and the medical community caring
for travellers.

Persons administering or using drugs, vaccines, or other products should also be aware of the
contents of the product monograph(s) or other similarly approved standards or instructions for
use. Recommendations for use and other information set out herein may differ from that set
out in the product monograph(s) or other similarly approved standards or instructions for use
by the licensed manufacturer(s). Manufacturers have sought approval and provided evidence
as to the safety and efficacy of their products only when used in accordance with the product
monographs or other similarly approved standards or instructions for use.

Key points/Messages

¢ Recommendations for use of typhoid vaccine were developed using the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) methodology. They consider
the balance of benefits (efficacy) and harms of typhoid vaccine, the confidence in the esti-
mates of effect for vaccination (high, moderate, low or very low), and what is believe to be the
values and preferences of the traveller regarding prevention of typhoid through vaccination.

¢ This is the first time that the GRADE approach has been used for a statement developed
by CATMAT. The terminology used to express the strength of recommendations has been
changed to strong and conditional. The meaning of these terms is explained in Boxes 1
and 2.

» Typhoid vaccine is only moderately effective (~50%) but is well tolerated with very low
risk of serious adverse events. We have moderate confidence in the estimate of effect
for vaccine efficacy. Confidence was reduced, i.e. not high, because the included studies
assessed efficacy of vaccination in populations living in countries with elevated typhoid
risk and then these data were extrapolated to travellers.

* The strongest and most consistent predictor of typhoid risk in travellers is destination of
travel. The estimated risk of developing travel associated typhoid is about: 1/3,000 travellers
for travel to the South Asia (high risk), 1/50,000-100,000 for travel to Sub-Saharan Africa,
North Africa and the Middle East, or South America (intermediate risk), and < 1/300,000
for travel to the Caribbean and Central America (low risk). The confidence in the baseline
estimates of typhoid risk by destination (quality of the data) was moderate. Confidence was
reduced, i.e. not high, because of the intermediate risk of bias of included studies due to
the possibility of under-ascertainment of cases and to imprecision (i.e. unable to calculate
confidence intervals due to incomplete stratified denominator data).
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» Several studies have identified travelling children, those visiting friends and relatives (VFRs),
the presence of achlorhydria or use of acid suppression therapy and longer duration of
travel to be factors that increase the risk of travel associated typhoid. The incremental
magnitude of risk that these factors contribute in addition to travel destination is unclear.
The confidence in the effect estimates (quality of the data) for these factors was very low.

* No data on the values and preferences of travellers or practitioners regarding the use
of typhoid vaccine for prevention of typhoid were found. In the absence of such data,
recommendations were made under the belief that the majority of Canadian travellers
would consider the decrease in typhoid risk worth the cost and inconvenience of the
vaccine if the absolute risk of typhoid was 1 in 10,000 or higher but not if the risk was
less than this. Among destinations for which data are available, travel to South Asia was
the only region where risk exceeded this threshold.

* The vaccine recommendations are conditional due to the modest efficacy of typhoid
vaccine; the relatively poor quality of risk factor data; and uncertainty about traveller/
practitioner values and preferences.

 Providers should discuss with the traveller the anticipated benefits and harms (including
financial costs) associated with vaccination, and help the traveller reach a decision that is
consistent with his/her values and preferences.

Available injectable polysaccharide vaccines do not protect against enteric fever
(paratyphoid) caused by Salmonella paratyphi serovars. Current evidence is not sufficient
to recommend oral typhoid vaccine (Ty21a) for protection against paratyphoid.

GRADE Recommendations

* CATMAT suggests that typhoid vaccine (Ty21a or Vi polysaccharide vaccine) be used
for Canadian travellers visiting South Asia*; Conditional recommendation, moderate
confidence in estimate of effect.

« CATMAT suggests that typhoid vaccine (Ty21a or Vi polysaccharide vaccine) not be
used for Canadian travellers visiting destinations other than the South Asia; Conditional
recommendation against (immunization), moderate confidence in estimate of effect.

* The decision of whether or not to use typhoid vaccination for destinations other than
South Asia might be influenced by: other factors associated with risk of travel associated
typhoid such as pediatric travel, visiting friends and relatives, longer duration of travel, the
presence of achlorhydria or use of acid suppression therapy; and/or patient preferences.

South Asia is defined as per the World Bank classification and includes Afghanistan, Pakistan, India, Nepal, Bangladesh,
Maldives, Sri Lanka, Bhutan. Among these countries, the large majority (=90%) of cases of typhoid among travellers were
reported from India, Pakistan and Bangladesh (1;2).
For implications of what a conditional recommendation means, see Box 1: Recommendation
categories and Box 2: What does a conditional recommendation mean in practice?



http://data.worldbank.org/about/country-classifications/country-and-lending-groups
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BOX 1: Recommendation categories

Strong*-recommendation for The committee believes that all or almost all well informed people
would want the recommended course of action and only a small
number would not.

Implication for practitioners: The balance of risks and benefits are
such that most travellers would choose the intervention.

Strong-recommendation against The committee believes that all or almost all well informed people
would not want the recommended course of action and only a small
number would.

Implication for practitioners: The balance of risks and benefits are

such that most travellers would not choose the intervention.

Conditional** recommendation for The committee believes that the majority of well-informed people
would want the recommended course of action, but a minority
(perhaps a large minority) would not.

Implication for practitioners: With a conditional recommendation
different travellers may make different choices. Practitioners
should present the risks and benefits of the intervention and
help each traveller make a decision consistent with his/her
values and preferences.

Conditional recommendation against | The committee believes that the majority of well-informed people
would not want the recommended course of action, but a minority
(perhaps a large minority) would.

Implication for practitioners: With a conditional recommendation
different travellers may make different choices. Practitioners
should present the risks and benefits of the intervention and
help each traveller make a decision consistent with his/her
values and preferences.

Adapted from the GRADE handbook for grading quality of evidence and strength of recommendations and GRADE guidelines
14 and 15 (3-5).

The GRADE working group suggests that if a recommendation is “strong”, then it is expected that 0% or more of informed
individuals would choose (or not choose) the recommended course of action.

* The GRADE working group suggests that if a recommendation is “conditional”, then it is expected that less than 90% of
informed individuals would choose (or not choose) the recommended course of action.
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BOX 2: What does a conditional recommendation mean in practice?

GRADE-based recommendations in this statement are “conditional”, which means that we believe that the
majority of well-informed travellers would choose the recommended course of action; however a minority
(perhaps a large minority) would not. This is because the benefit of typhoid vaccine is modest and the decision
to use it should consider: the risk of travel associated typhoid in different destinations; the relatively poor quality
of risk factor data (i.e., VFR, pediatric travel, duration of stay, achlorhydria/acid suppression and asplenia); and
divergent individual traveller preferences.

Examples of traveller decisions in the context of conditional typhoid vaccine recommendations:

In situations where the risk is particularly low, we believe that the majority of travellers would not use vaccine.
For example, a visit to a Caribbean resort for a short period is associated with a very low risk of typhoid and
travellers are very unlikely to choose to use typhoid vaccine. On the other hand, when the risk is relatively
high, such as a family going to a rural area of South Asia for several months/years, travellers are very likely

to choose to use typhoid vaccine.

Travellers with short stays in South Asia, living in lower risk environments, and/or who place a relatively
lower value on protection against typhoid for themselves or family members might decide not to use
typhoid vaccine.

The majority of travellers to Africa would likely choose not to use typhoid vaccine. However, those travelling
for a long period of time, visiting rural areas, VFR travel, those with achlorhydria/acid suppression, asplenia,
and/or who place a relatively higher value on protection against typhoid for themselves or family members

might decide to receive vaccine.
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INTRODUCTION

Typhoid fever is an enteric febrile illness that, among Canadians, is usually acquired during
travel to a typhoid endemic country (6-9). Prevention involves vaccination, personal hygiene
and food and water precautions. This statement updates previous recommendations on
typhoid and overseas travel (10) and was deemed necessary based on: the datedness of the
existing statement; the availability of new interventions; and, the publication of new evidence
related to the prevention of typhoid. The typhoid vaccine-based recommendations were
developed using the evidence-based medicine approach Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) (11;12).

BACKGROUND

Clinical and epidemiological features

Typhoid fever is caused by Salmonella enterica subsp. enterica serovars Typhi (S. typhi) (13;14).
Exposure to the causative pathogen is usually through ingestion of water or food that has
been contaminated by feces from an ill individual or a chronic carrier (15;16). Humans are the
only reservoir for this disease. The incubation period is normally eight to 14 days but can vary
from three to over 60 days (15). Individuals infected with S. typhi are infectious for as long as
they are excreting the bacilli, generally from the first week of infection until symptoms have
resolved. However, 10% of untreated individuals excrete the bacilli for three months or more
after initially contracting the disease and 2% to 5% of untreated individuals become
asymptomatic chronic carriers (15).

The majority of the global burden of typhoid occurs in low income countries. The World
Health Organization (WHO) estimates there to be 21 million cases and 210,000 to 840,000
deaths annually worldwide (17;18). In endemic countries transmission is facilitated by poorly
developed sanitation infrastructure and almost the entire population can be exposed (19).
Most cases and deaths (more than 90%) occur in Asian countries, predominantly in South Asia
(17). Incidence in high income countries is low (e.g., <15/100,000 persons per year) (13;15;20),
and cases are most often associated with travel. Based on reporting to the Public Health
Agency of Canada, there was an average of 127 (range: 77 to 183) cases per year in Canada
from 1999 to 2011; with a mean annual incidence of 0.39/100,000 (range: 0.25 to
0.53/100,000) (21).

The clinical course of typhoid ranges from mild illness with low-grade fever to severe systemic
disease with abdominal perforation and extra intestinal infection that, if untreated, can be fatal
(14;15). Symptoms are non-specific and can include fever, headache, abdominal pain, nausea,
vomiting, malaise, anorexia, bradycardia, splenomegaly, cough, rose spots on trunk and
constipation (15). Hospitalization in North America and Europe is common (75%-90%) with a
mean length of stay ranging from 6-10 days (2;22;23). The case fatality rate is approximately
10% for untreated cases in low income settings and <1% for patients receiving care in high
income countries (2;22-25).
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METHODS

This statement was developed by a working group comprised of volunteers from the CATMAT
committee, none of whom declared a relevant conflict of interest. All working group members
were approved by the CATMAT secretariat and chair. The working group, with support from
the secretariat, was responsible for: literature retrieval, synthesis and analysis; and the
development of key questions and draft recommendations. The final statement was approved
by the full CATMAT membership.

Vaccine-recommendations in this statement were developed using the GRADE methodology.
This approach has been increasingly adopted by guideline developers (26;27). It stresses
transparency and provides an explicit framework in which the following factors are considered
and weighed when making a recommendation(s): confidence in the estimate of effect (quality

of data), balance of benefits and harms and values and preferences. This is the first CATMAT
statement to use the GRADE methodology. Resulting recommendations are expressed as strong
or conditional (see Box 1 for details), which differs from the evidence-based grading system of
the Canadian Preventive Task Force' on Preventive Health Care (e.g., Al-lll, BI-Ill) used in previous
CATMAT statements (28;29). Examples of how a conditional recommendation may be applied

in practice are presented in Box 1.

The following summarizes the process used to develop this statement:
1. An analytic framework identifying clinical preventive actions (interventions) for typhoid and
risk factors for typhoid disease was developed (see Appendix 1).

2. From the analytic framework, the following key “PICO" (population of interest,
intervention, comparison and outcome) question was identified:

a. Among Canadian travellers, does the administration of typhoid vaccine versus no

vaccine decrease the incidence of typhoid and the associated morbidity and mortality?
3. From the analytic framework, key questions to define the magnitude of benefits and harms

were identified:
What harms are associated with typhoid vaccination?

b. What are the important risk factors for typhoid among travellers (e.g., destination,
duration of travel, age, VFRs, comorbidities such as infection with HIV or acid
suppression/achlorhydria)?

c. What are the values and preferences of travellers regarding the magnitude of risk
reduction in typhoid that would make use of the vaccine worthwhile given the cost and
inconvenience associated with the vaccine?

4. Additional contextual questions that were considered included:

a. Does antimicrobial treatment reduce typhoid mortality and morbidity among travellers;
and does pathogen suscepitibility to antimicrobial treatment vary by destination?

b. Do hygiene and/or food and water precautions reduce the risk of acquiring typhoid
among travellers?

The task force has since updated its system for grading evidence, and now deploys the GRADE approach
(www.canadiantaskforce.ca/methods/grade)
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5. With the aid of a reference librarian, a strategy was developed to identify relevant literature.
Two electronic databases (Ovid MEDLINE and Embase) were searched using the terms
“typhoid fever” and “travel”. The search spanned the publication period of January 1,
2000 to August 14, 2012. In addition, the Cochrane Review Database was searched using
the term “typhoid” from the start of the database up to and including July 2012. For all
searches, only articles in English and/or French were retained.

6. From these searches, literature addressing the PICO and other questions was identified.
Systematic reviews that addressed the efficacy of typhoid vaccine were specifically sought.
In addition, studies that addressed: burden of disease (incidence, morbidity, mortality,
hospitalizations), especially for travellers; disease pathogenesis; population-specific risk
factors (e.g., age, VFR); itinerary-specific risk factors (e.g., destination, duration of travel);
efficacy of preventive measures (e.g., sanitation and hygiene); and/or disease treatment/
management, were identified.

7. A quality assessment of studies on the efficacy of typhoid vaccine was performed,
and results were collated into evidence profile and summary of findings tables (see
Appendices 2 and 3) as per the GRADE methodology (30;31).

8. An approach to assess the confidence in estimates of baseline risk from observational,
non-intervention studies using the GRADE framework is under development. Currently, the
GRADE group recommends assessing quality by applying the same elements that are used
for intervention-based data, i.e. risk of bias, publication bias, imprecision, inconsistency, and
indirectness (32). A notable difference is that, for baseline risk, observational studies start out
as high quality data. This is because they are often more suited than are clinical trials (which
often include highly selected populations) to provide population based estimates of risk
(Guyatt, personal communication, 2013). The evaluation of studies of baseline risk of typhoid
to travellers within the GRADE framework is presented in Appendices 4a and 4b (32).
Studies on other risk factors, i.e. VFRs, age, duration of travel, acid suppression/achlorhydria,
were judged to be of very low quality and are described in a narrative fashion.

9. Benefits and harms associated with vaccination were estimated. The absolute risks of
developing typhoid with and without vaccine and of typhoid associated hospitalization or
death were calculated by region and are presented in Tables 3a and 3b.

10. Recommendations were developed for use of typhoid vaccination taking into consideration:
a) our confidence in the estimates of the efficacy and harms of typhoid vaccine and the
baseline risk of typhoid to travellers by destination, b) the balance of vaccine-associated
harms and benefits, and c) the values and preferences of travellers. The cost of the vaccine,
normally borne by the traveller, was not explicitly considered as there were no data on
willingness to pay (WTP) for typhoid vaccine in travellers.

11. Non-GRADE recommendations were developed based on expert opinion. There were
certain interventions (such as hand washing and avoiding high risk foods), that entail
minimal or no risk, inconvenience, or cost and for which there is appreciable indirect
evidence of benefit in terms of reducing typhoid incidence. We did not conduct a formal
GRADE assessment for such interventions and consider them “best practice” or “common
sense” recommendations. We did not assess use and choice of antibiotic for treatment of
typhoid with GRADE. Guidance in this regard was developed based on a more superficial
evaluation of the evidence and expert opinion.
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RESULTS

Our initial literature search identified 227 studies of which 75 were excluded (19 due to
language other than English or French; 56 due to non-relevance) based on screening of titles
and abstracts. Full texts of the remaining 152 studies were reviewed; one was excluded due
to language and four others due to non-relevance. The remaining 147 articles were included
and addressed: typhoid epidemiology (N=39), disease characteristics (N=17), risks in specific
populations (N=16), preventive measures (N=38), and/or disease management (N=54)
(numbers add to >147 as some articles addressed > one subject). Two additional studies on
baseline risk (33;34) were identified after the initial literature review.

All included vaccine efficacy studies were conducted in populations living in typhoid endemic
countries. No studies that addressed efficacy of typhoid vaccine in travellers; or associated
reductions in morbidity and mortality for this population were found. A Cochrane Collaboration
systematic review published in 2006 was identified, and assessed 17 randomized or quasi-
randomized trials (35) of typhoid vaccine among residents of endemic areas. It was rated as a
high quality systematic review using the AMSTAR measurement tool for the assessment of
methodological quality of systematic reviews (36). An additional three randomized or quasi-
randomized controlled clinical trials (RCTs) published after this systematic review were also
identified and are included in our analyses (37-39).

Quality Assessments
Clinical trials assessed with GRADE

To assess efficacy of typhoid vaccine, three trials for each of Ty21a oral vaccine (40-42)

and Vi polysaccharide vaccine were included (37;39;43) (see Appendices 2a—c)'. Studies

that were identified and included in the Cochrane Review on typhoid vaccine but excluded
from our analysis and the corresponding reason for exclusion are listed in the same appendix.
For adverse events (AE), three trials for Ty21a oral vaccine (40;42;46) and two trials for Vi
polysaccaride vaccine were included (38;47) (see Appendices 3a—c). For Ty21a, only AE data
for enteric-coated tablets were included. The evidence from clinical trials on the efficacy and
harms of typhoid vaccine are summarized in the evidence profile and a summary of findings
tables (see Appendices 2b, 2¢, 3b and 3c). No data on the impact of typhoid vaccination on
morbidity and mortality were found. Thus, the primary outcome for our assessment was
vaccine-associated reduction in typhoid incidence. These data (37;38;40-43;48-53), along
with adverse effects recorded from these and additional trials, were assessed with GRADE.
Estimates of effect were deemed to be without serious risk of bias; but were universally rated
down for indirectness as they only included residents of endemic areas (not travellers) and
often were done with younger age groups. Thus, we had moderate confidence in the estimate
of effect for vaccine efficacy. Estimates for adverse effects were also rated down for
indirectness; and sometimes for imprecision and/or inconsistency.

Follow-up studies were used for Klugman 1987 (43) (in Klugman 1996 (44), i.e. Vi to 3 yrs), Levine 1987 (42) (Levine 1999 (45),
i.e. Ty21a to 7 years).
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Observational studies on risk factors

The assessment of the studies of the baseline risk of typhoid in travellers by destination

is shown in Appendix 3a and 3b. We have moderate confidence in the baseline estimates

of risk. The confidence in these estimates was downgraded from high to moderate as

we believed that the data were at intermediate risk of bias due to under-ascertainment of
cases and imprecision (unable to calculate confidence intervals due to incomplete stratified
denominator data ). The studies describing risk from factors other than destination of travel
were considered to be very low quality. For example, risk of typhoid due to VFR travel or
length of stay only reported data on the proportion of cases occurring in VFRs or for different
time periods. The magnitude of risk due to these factors therefore, could not be determined
(54-57). Only one study reported the risk of travel associated typhoid in different age groups
and expressed this as an odds ratio (1). Another study only reported the proportion of cases
of typhoid occurring in each age group (54). Furthermore, the number of children in these
studies was low resulting in moderate imprecision. The quality of data for the risk of typhoid in
those with achlorhydria was considered to be very low quality due to the case control design
of the included studies (58).

Data synthesis to address specific questions

DOES THE ADMINISTRATION OF TYPHOID VACCINE VERSUS NO VACCINE DECREASE THE
INCIDENCE OF TYPHOID AND THE ASSOCIATED MORBIDITY AND MORTALITY AMONG
CANADIAN TRAVELLERS?

No studies that measured the effect of typhoid vaccine on typhoid-associated hospitalizations
or mortality in travellers were found. The primary outcome of the analysis was vaccine efficacy
to prevent cases of typhoid. Two types of typhoid vaccine are licensed in Canada (Table 1):

a live oral vaccine (Ty21a), and injectable Vi polysaccharide vaccines. Only evidence for these

types of vaccines was reviewed. Data for the Vi conjugate vaccine (50), though included in the
Cochrane systematic review, were not considered in our analyses.

Vaccine efficacy to prevent typhoid: Expressed as three year cumulative risk of typhoid,
persons receiving typhoid vaccine (Ty21a or Vi polysaccharide) were significantly less likely
to develop typhoid fever than those who did not (Relative Risk (RR), 95% CI =0.51 (0.42 to
0.62). For the same outcome, but measured as a two year cumulative risk of typhoid, RR was
lower at 0.43 (0.34 to 0.54). Expressed by vaccine type, estimates ranged from RR=0.34
(0.19 to 0.60) for Ty21a after two years of follow-up to 0.53 (0.43 to 0.54) for Ty21a after
three years of follow-up; efficacy of Vi polysaccharide vaccine was intermediate to these
values (Appendices 2b and 2c). We also assessed vaccine efficacy for different age groups
(Appendices 2b and 2c). This was done separately for the respective vaccines due to
reporting results on different age stratifications. For both types of vaccine, the RR estimate

was lower in older than in younger persons. However, these differences were not significant;
and we thus decided against making age-specific recommendations for vaccine use.

Harms associated with typhoid vaccine: Based on clinical trial data, adverse events (AE)
associated with typhoid vaccines (Appendices 3 a-c) are generally mild and not significantly
different from controls for: fever, vomiting, diarrhea, headaches, rash, or erythema. With Vi
polysaccharide, pain at the injection site was more common among the vaccine recipients
(RR=3.68; Cls=1.96 to 6.93). For enteric coated Ty21a, there was increased risk of: any mild
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adverse event (RR=1.78; Cls=1.08 to 2.95) (35) and nausea or abdominal pain (RR=2.13;
Cls=1.33 to 3.41). Based on these data, it was estimated that there would be one additional
AE due to pain for every 13 persons receiving Vi polysaccharide vaccine; and one mild AE and
one nausea and abdominal pain AE for every 18 and 31 persons, respectively, receiving Ty21a.

In Canada, there were 1,216 adverse events following immunization with typhoid vaccines
reported from 1987 to March 2013. Most reports were for vaccination site reactions, fever,
gastrointestinal symptoms, systemic symptoms, skin and allergic reactions, and neurological
symptoms such as paresthesia and dizziness (59). These are consistent with AEs reported in
the product monographs (60;61). Post marketing surveillance from the United States (62)
indicated 666 AEs associated with Ty21a or Vi polysaccharide vaccines (1990 and 2002).
Event rates in this study were 9.7 and 4.5/100,000 doses for all AE with these vaccines,
respectively; with serious AE rates of 0.59 and 0.34 events/100,000 doses.

WHAT ARE THE IMPORTANT RISK FACTORS FOR TYPHOID AMONG TRAVELLERS (E.G.,

DESTINATION, DURATION OF TRAVEL, AGE, VFRS, COMORBIDITIES SUCH AS INFECTION
WITH HIV OR ACHLORHYDRIA)?

Destination: Seven observational studies estimating typhoid incidence by destination were
identified and six were included (1;2;24;33;34,54,63). Studies were included if they expressed
risk based on bacteriologically confirmed cases of typhoid (through mandated surveillance
systems) in national-level databases for the numerator and used validated travel survey
methods to determine population based travel volume for the denominator (Appendix 4a).
Four of the studies included hundreds of cases over multi-year periods: two of which were
from the United States (2;24), the others were from the Netherlands (33) and Switzerland (34).
Two studies were based on smaller cohorts of travellers, and were from Sweden and Quebec.
Four of these studies were used to estimate baseline risk (1;2;33;54) (Table 3). Two were not
included because: more recent data were available (24); or because incomplete data on case
numbers/rates were provided (34). For the included (and excluded) studies, risk was
consistently highest in South Asia (accounting for around 70% of travel associated typhoid
cases), followed by: Sub-Saharan Africa, other low/middle income countries, and higher
income countries. This ranking is similar to baseline risk estimates for residents of endemic
areas (64;65).

Visiting Friends and Relatives (VFRs): Referring to persons and their families who return to
their birth country to visit friends or relatives, VFRs are at increased risk for typhoid (55;56).
In an observational study (n=36 cases) from Quebec, VFRs accounted for more than 90%

of reported cases of typhoid despite comprising less than 15% of the “at risk” travelling
population (54). Similarly, VFRs accounted for 66% of reported travel-related cases of
typhoid in the United States (1999-2006) compared to only 9% among persons categorized
as "tourists” (41). These data suggest that VFR travellers are at higher risk for typhoid, but

were judged to be very low quality.

Age: Children are at increased risk of typhoid, either as residents of typhoid endemic
countries or as travellers (1;66;67). They also have higher rates of typhoid-associated
complications, hospitalizations and death as compared to adults (13;17;67). In a Quebec
case series, approximately 50% of cases occurred among persons less than 20 years of age
(54). Similarly, children aged 0 to 6 years accounted for 17% of typhoid cases in a Swedish
study (1), but only 5% of the exposed population. In this study, those 0-6 years of age had a
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44.2 (10.6-184) higher odds ratio (OR) of having typhoid compared to those 46—65 years of
age. In addition, those 7-18 years of age had an OR of 14.2 (3.8-52.9) and those 19-45
years of age had an OR of 10.8 (3.3-35.5) compared to travellers aged 46—65 years. These
data were judged to be very low quality due to study design and imprecision. Evidence
addressing whether older travellers are at increased risk of acquiring typhoid or developing
complications post infection were not found.

Length of stay: Several studies have demonstrated that risk of exposure to typhoid increases
with duration of travel. In a study in Quebec, no cases occurred in persons travelling less than
two weeks (54). Similarly, in a larger case series from the US, less than 20% of cases occurred in
persons travelling for less than two weeks (56). Finally, long term travellers (length of stay more
than six months) were more likely than short term travellers to be diagnosed with enteric fever
(typhoid and paratyphoid) in a study of patients identified in the GeoSentinel Surveillance
Network (57). To conclude, the majority of cases in the reviewed studies occurred after two
weeks of travel, however a time duration below which there was negligible risk of typhoid could
not be determined.

HIV positive travellers: HIV infection is recognized to predispose to more severe and complicated
infections with non-typhoidal salmonellosis but does not appear to increase the risk of S. typhi
infection (68); though a small study in Peru suggested an association between HIV and increased
severity and relapse rate of typhoid disease (69). While not conclusive, these studies suggest that
infection with HIV is not a critical risk factor for typhoid.

Achlorhydria/acid suppression: Given the important role that gut acidity plays in destroying
microbes, it is reasonable to expect that achlorhydria or acid suppression therapy could
potentially enhance the risk of typhoid. In a recent systematic review of 11,280 patients in

6 studies, those taking acid suppression had a 2.6 higher odds (95% ClI 1.53-4.25) of developing
an enteric infection (e.g., salmonella, campylobacter and other enteric organisms) as compared
to those not on acid suppression (58). No data on the risk of developing enteric infections in
travellers with achlorhydria or on acid suppression therapy were found, but there is no biologic
reason why travellers should be different from those found in these studies.

Asplenia: Splenectomized patients are at increased risk for encapsulated organisms but there
were no published data that specifically address this issue for salmonella in asplenic travellers.
In patients with asplenia, despite lack of typhoid specific risk data, it may be prudent to have a
low threshold to use vaccine in this population. The decision to use (or not) vaccine should be
guided through a discussion of the benefits and risks of typhoid vaccination with the patient.
WHAT ARE THE VALUES AND PREFERENCES OF TRAVELLERS REGARDING THE BALANCE OF
HARMS AND BENEFITS OF PREVENTING TYPHOID WITH TYPHOID VACCINATION?

There is evidence that typhoid vaccine is cost effective for residents of some endemic areas
(70;71). However, compared to most travellers, cumulative risk is much higher among resident
populations; and cost-effectiveness in resident populations (from a societal perspective) is not an
appropriate measure to extrapolate to travellers who are paying for their own vaccine. Studies
on Willingness to Pay (WTP) for typhoid (72) or other travel-related immunizations would be a
more relevant measure of risk acceptance of travellers; however no such studies were identified.
Furthermore, we did not find data describing non-economic based values and preferences of
travellers related to typhoid prevention.
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DO ANTIMICROBIAL TREATMENTS REDUCE TYPHOID MORTALITY AND MORBIDITY; AND DOES
PATHOGEN SUSCEPTIBILITY TO ANTIMICROBIAL TREATMENT VARY BY DESTINATION?

The WHO presently considers fluoroquinolones to be the first line agents for typhoid treatment
(Table 4) (73;74). In a 2011 Cochrane review, fluoroquinolones were found to result in fewer
clinical failures compared to chloramphenicol, co-trimoxazole, amoxicillin and ampicillin (73).
When the performance of quinolones was compared to other agents including cephalosporins
(ceftriaxone and cefixime) or azithromycin, clinical outcomes appeared to be equivalent in most
studies. Definitive conclusions however, could not be made given that most of the data came
from small underpowered studies and because resistance patterns differ between geographic
regions and over time. When deciding on the optimal empiric therapy for typhoid, antibiotic
resistance patterns in the travel destination countries should be considered (15;67). Of particular
importance is the increasing prevalence of fluoroquinolone resistance among Salmonella tyhpi
isolates from Asia (73).

DO HYGIENE AND/OR FOOD AND WATER PRECAUTIONS REDUCE THE RISK OF

ACQUIRING TYPHOID?

There are a number of “common sense” or “best practice” interventions that are thought to
reduce the risk of typhoid. They include hand washing and precautions for safe consumption
of food and drink (74). As these are non-invasive interventions with broad applicability, they
were not subjected to a GRADE evaluation. For further information on these interventions,
see the Statement on Travellers’ Diarrhea (75).

EFFICACY OF TYPHOID VACCINE TO PREVENT SALMONELLA PARATYPHI

Paratyphoid fever, caused by Salmonella enterica serovar Paratyphi A, B and C, is a systemic
disease with clinical features indistinguishable from typhoid fever. The global burden,
estimated at 5.4 million cases annually, is thought to be increasing (18); as is the prevalence
of antibiotic resistance and the number of travel-related cases. A question often raised
about paratyphoid is whether available typhoid vaccines provide protection. It is unlikely
that Vi vaccines would provide protection because the vaccine elicits antibodies for an
antigen that is not present in S. paratyphi A and B. In contrast, Ty21a vaccines elicit serum
and mucosal antibodies to S. typhi O, H and other antigens, which are shared with S.
paratyphi. Pooled analyses of randomized controlled field trials done with Ty21a (among
children) in Chile suggest that Ty21a provides some protection against S. paratyphi B
[protective efficacy of 0.49 (95% Cl 0.08-0.73) (76); and a descriptive analysis of national
enteric fever surveillance data among Israeli travellers suggested that Ty21a vaccine may
protect against S. paratyphi A (63). Immunologic data support these clinical findings (77).
We judged that, although the evidence is suggestive of protection, it is not sufficient to
recommend Ty21a vaccine (as an unlabeled use) to prevent paratyphoid.
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GRADE RECOMMENDATIONS

CATMAT suggests that typhoid vaccine (Ty21a or Vi polysaccharide vaccine) be used
for Canadian travellers visiting South Asia*; Conditional recommendation, moderate
confidence in estimate of effect.

» CATMAT suggests that typhoid vaccine (Ty21a or Vi polysaccharide vaccine) not be
used for Canadian travellers visiting destinations other than South Asia; Conditional
recommendation against (immunization), moderate confidence in estimate of effect.

* The decision of whether or not to use typhoid vaccination for destinations other than
South Asia might be influenced by: other factors associated with risk of travel associated
typhoid such as pediatric travel, visiting friends and relatives, longer duration of
travel, the presence of achlorhydria or use of acid suppression therapy; and/or patient
preferences (very low quality data).

* South Asia is defined as per the World Bank classification and includes Afghanistan, Pakistan, India, Nepal, Bangladesh,

Maldives, Sri Lanka, Bhutan. Among these countries, the large majority (=90%) of cases of typhoid among travellers were
reported from India, Pakistan and Bangladesh (1;2).

BASIS OF RECOMMENDATIONS

Balance of benefits and harms

Most travellers are at low risk for acquiring typhoid during travel with destination being an
important predictor of risk. Travel to South Asia (~1/3,000 travellers) consistently has at least

a several fold higher risk than does travel to other regions such as Sub-Saharan Africa, North
Africa/the Middle East and South America (~1/50,000-100,000 travellers); or to the Caribbean/
Central America and the Eastern Mediterranean (<1/300,000 travellers) (Table 2). Although rates
of travel associated typhoid are low, the proportion of cases resulting in hospitalization in high
incomes countries is high (68%-90%) with a mean length of stay ranging from 6-10 days
(2;22;23;34). The case fatality rate for typhoid in high income countries is <1%.

Vaccination against typhoid is moderately effective, reducing the risk of clinical typhoid by
~50% over a three year period (RR 0.51; 95% Cl 0.42-0.62; Appendix 2b). Vaccines are
well-tolerated, i.e. they have a very low rate of reported major adverse events (0.59-0.34
events/100,000 doses; 46), with a modest increased risk of mild AE or nausea or abdominal
pain for Ty21a and pain for Vi polysaccharide. The benefit of vaccine for travellers to South
Asia, the highest risk destination, is modest: one case of typhoid would be prevented for every
~6,000 travellers vaccinated. Correspondingly, vaccinating this many travellers is estimated
to be associated with about 460 injection site pain AE for Vi polysaccharide, and about 333
mild AE and 194 nausea or abdominal pain AE for Ty21a vaccine. In this same circumstance,
estimates are of one typhoid associated hospitalization avoided for every ~8,500 travellers
vaccinated and one typhoid associated death avoided for every ~2 million travellers
vaccinated. Estimates for other endemic regions (Table 3) are correspondingly higher.



http://data.worldbank.org/about/country-classifications/country-and-lending-groups
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Confidence in Estimate (Quality of evidence)

Typhoid vaccination efficacy to prevent typhoid cases (moderate confidence) and vaccine
adverse events (very low to moderate confidence). Risk of developing typhoid in travellers by
destination (moderate confidence). Risk of developing typhoid by age, VFR status, duration of
travel and achlorhydria (very low confidence).

Values and preferences

We believe that the majority of Canadian travellers would consider the use of typhoid vaccine
worth the cost and inconvenience of the vaccine where the risk of typhoid was > 1 in 10,000
travellers. These recommendations are conditional given that: several other identified (but
relatively poorly characterized) risk factors for typhoid such as age (children), VFR travel

and duration of stay might increase/decrease risk for a given itinerary, typhoid vaccine has
moderate efficacy (for a vaccine) and travellers values and preferences including willingness
to pay for such protection is poorly characterized and might show substantial heterogeneity.

OTHER RECOMMENDATIONS
(NON-GRADE)

* Practitioners should advise travellers to adhere to basic sanitation and food and
water precautions.

* Providers should discuss with the traveller the anticipated benefits and harms (including
financial costs) associated with vaccination, and support the traveller in reaching a decision
that is consistent with his/her values and preferences.

* While there is evidence that suggests Ty21a protects against paratyphoid, it is not sufficient
to recommend this vaccine (as an unlabelled use) for this purpose.

 The first line drug of choice to treatment typhoid are fluoroquinolones however, local
antimicrobial resistance patterns in the country of travel need to be considered when
choosing empiric therapy.
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CONCLUSIONS AND RESEARCH NEEDS

Risk of typhoid is generally low, but is highest for travellers to South Asia. The low risk of
typhoid combined with the moderate efficacy of the vaccine mean that the benefits of
vaccination are modest (efficacy ~50%); however, the vaccines have good safety profiles.
Given these (and other) considerations, CATMAT suggests that the majority of travellers
going to South Asia be given typhoid vaccine whereas the majority travellers going to

all other endemic areas not be given typhoid vaccine. More effective vaccines to enhance
the protection against typhoid in populations living in typhoid endemic countries as well
as travellers to these countries are needed. In addition, there are several gaps in the
knowledge base related to typhoid fever in travellers. Large studies that estimate the
travel associated typhoid risk attributable to pediatric travel, VFR travel and length of stay
would help practitioners to more accurately estimate typhoid risk in individual travellers.
Studies on WTP of travellers for protection against typhoid would also aid practitioners
to more accurately determine benefits of typhoid vaccine to individual travellers.
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