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ABSTRACT

BACKGROUND
Typhoid fever caused by multidrug-resistant H58 Salmonella Typhi is an increasing
public health threat in sub-Saharan Africa.

METHODS

We conducted a phase 3, double-blind trial in Blantyre, Malawi, to assess the effi-
cacy of Vi polysaccharide typhoid conjugate vaccine (Vi-TCV). We randomly assigned
children who were between 9 months and 12 years of age, in a 1:1 ratio, to receive
a single dose of Vi-TCV or meningococcal capsular group A conjugate (MenA) vac-
cine. The primary outcome was typhoid fever confirmed by blood culture. We re-
port vaccine efficacy and safety outcomes after 18 to 24 months of follow-up.

RESULTS

The intention-to-treat analysis included 28,130 children, of whom 14,069 were as-
signed to receive Vi-TCV and 14,061 were assigned to receive the MenA vaccine.
Blood culture—confirmed typhoid fever occurred in 12 children in the Vi-TCV
group (46.9 cases per 100,000 person-years) and in 62 children in the MenA group
(243.2 cases per 100,000 person-years). Overall, the efficacy of Vi-TCV was 80.7%
(95% confidence interval [CI], 64.2 to 89.6) in the intention-to-treat analysis and
83.7% (95% CI, 68.1 to 91.6) in the per-protocol analysis. In total, 130 serious
adverse events occurred in the first 6 months after vaccination (52 in the Vi-TCV
group and 78 in the MenA group), including 6 deaths (all in the MenA group).
No serious adverse events were considered by the investigators to be related to
vaccination.

CONCLUSIONS
Among Malawian children 9 months to 12 years of age, administration of Vi-TCV
resulted in a lower incidence of blood culture—confirmed typhoid fever than the
MenA vaccine. (Funded by the Bill and Melinda Gates Foundation; ClinicalTrials
.gov number, NCT03299426.)
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YPHOID FEVER, A SYSTEMIC FEBRILE

illness caused by Salmonella enterica serovar

Typhi, is responsible for more than 9 mil-
lion infections and more than 110,000 deaths
globally each year, and the highest disease
burden is observed among school-age and pre-
school children.> An estimated 1.2 million
cases of typhoid and 18,703 deaths attributed
to typhoid occur annually in sub-Saharan Afri-
ca, with 383 to 843 cases per 100,000 person-
years being reported in some urban settings.>®

The increasing public health challenge
posed by typhoid fever across sub-Saharan Af-
rica over the past decade is due in part to the
emergence and spread of several multidrug-
resistant (MDR [i.e., resistant to the first-line
agents chloramphenicol, ampicillin, and cotri-
moxazole]) Salmonella Typhi lineages, particu-
larly H58 (clade 4.3.1) and H56 (clade 3.1.1).58
In Malawi and other countries in East Africa
and southern Africa, MDR H58 S. Typhi
emerged in 2010 after its introduction from
Asia.”® Specifically, it became the predominant
bloodstream infection among adults and chil-
dren in Malawi, with a 21% incidence of com-
plications among children (including a 3.6%
incidence of small-bowel perforation) and a
2.1% case fatality rate.”’> Emerging antimicro-
bial resistance to fluoroquinolones has been
documented in East Africa,”"® Nigeria,® and the
Democratic Republic of Congo. Extensively
drug-resistant (XDR) typhoid, which is resis-
tant to fluoroquinolones and third-generation
cephalosporins, is established in Pakistan.’®
The dual threat in Africa of local emergence
and introduction of untreatable XDR typhoid
from Asia underscores the need for typhoid
fever prevention.”

In 2018, the World Health Organization
(WHO) recommended typhoid conjugate vac-
cine (TCV) for use in all countries in which
typhoid is endemic, prioritizing countries with
the highest burden of typhoid disease or anti-
microbial resistance.® The Typhoid Vaccine Ac-
celeration Consortium (TyVAC) was launched
in 2017 with the aim of accelerating the intro-
duction of TCV in low-income settings. The
consortium is a partnership of the Center for
Vaccine Development and Global Health at the
University of Maryland School of Medicine, the
Oxford Vaccine Group at the University of Ox-

ford, and PATH, an international nonprofit or-
ganization. TyVAC is conducting large, random-
ized, controlled efficacy trials of Vi polysaccharide
TCV (Vi-TCV) in diverse epidemiologic settings
in Malawi, Nepal, and Bangladesh."?® Here, we
present the efficacy results and safety out-
comes from a clinical trial in Malawi of a sin-
gle dose of Vi-TCV*?2 through 18 to 24 months
of follow-up.”

METHODS

TRIAL OVERSIGHT

The trial was approved by the Malawi National
Health Sciences Research Committee; the Ma-
lawi Pharmacy, Medicines, and Regulatory Au-
thority; the institutional review board at the
University of Maryland, Baltimore; and the re-
search ethics committee at the University of
Liverpool. Bharat Biotech International sup-
plied Vi-TCV free of charge. The sponsors had
no role in the design of the trial; the collection,
analysis, or interpretation of the data; or the
writing of the manuscript.

TRIAL DESIGN AND PARTICIPANTS

This single-center, phase 3, double-blind, indi-
vidually randomized, active-controlled trial
was conducted in two urban townships (Ndi-
rande and Zingwangwa) in Blantyre, Malawi.
Detailed methods have been published previ-
ously.??* In brief, we planned to enroll ap-
proximately 28,000 healthy children 9 months
to 12 years of age who were residing in the
trial areas. Eligible children had no previous
typhoid vaccination and no acute illness or his-
tory of allergy or hypersensitivity. Parents or
guardians provided written informed consent,
and assent was obtained from children who
were 8 years of age or older. Human immuno-
deficiency virus (HIV) status was solicited ver-
bally; positive status was confirmed by the
participant’s health passport, where possible.
Participants were recruited through govern-
ment health centers and primary schools.
Safety data (adverse events and serious adverse
events) were recorded prospectively.

RANDOMIZATION AND MASKING

Participants were randomly assigned in a 1:1
ratio to receive a single dose of Vi-TCV or a
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control vaccine (meningococcal capsular group
A conjugate [MenA] vaccine), with the use of
block randomization, with block sizes varying
from 6 to 12. The randomization sequence was
generated with the use of the blockrand pack-
age (version 1.3) in R Software, version 3.4.1 (R
Foundation for Statistical Computing), and
was concealed before randomization (which oc-
curred immediately before vaccination). Parents,
guardians, participants, and trial staff involved
in screening, eligibility assessment, and fol-
low-up were unaware of the trial-group assign-
ments. Nurses who were aware of the trial-
group assignments prepared and administered
vaccines in a private area and had no further
role in the trial.

PROCEDURES AND VACCINES

The trial vaccine was Typbar-TCV (Bharat Bio-
tech International), a WHO-prequalified teta-
nus-toxoid conjugated Vi-TCV containing 25 ug
of Vi polysaccharide per 0.5-ml dose. MenA
(MenAfriVac, Serum Institute of India) was used
as the control vaccine and was administered at
a dose of 10 ug per 0.5 ml to children 1 year of
age or older and at a dose of 5 ug per 0.5 ml to
children younger than 1 year of age. Vaccines
were administered intramuscularly in the left
thigh (in children <1 year of age) or in the left
arm (in children >1 year of age). Both Vi-TCV
and the MenA vaccine were administered with
routine measles—rubella vaccine (in the right
thigh) in children 9 to 11 months of age (ac-
cording to the Malawi Expanded Program on
Immunization guidelines).

ENHANCED FEVER AND SAFETY SURVEILLANCE

All participants were monitored for 30 minutes
after vaccination for immediate adverse events.
Enhanced passive surveillance for fever and
serious adverse events was conducted at four
primary health centers (in Ndirande and Zing-
wangwa and at Gateway Clinic and Nancholi
Youth Organization Clinic) and at Queen Eliza-
beth Central Hospital, a government referral
hospital, where parents and guardians were
instructed to bring unwell children at any time.
Usual provision of health service was enhanced
by telephone calls and community messaging.

If children presented with febrile illness (sub-
jective fever for 272 hours, an axillary tempera-
ture of >38°C, or hospitalization with a history
of fever of any duration), a blood culture was
obtained (5 ml [in children <5 years of age] or
10 ml [in children >5 years of age]) and a
rapid diagnostic test for malaria was per-
formed. Antimicrobial resistance of S. Typhi
isolates was tested by means of disk diffu-
sion.” Isolates that showed pefloxacin resis-
tance underwent confirmatory testing for cip-
rofloxacin resistance with the use of Etest
(bioMérieux), with a minimum inhibitory con-
centration of more than 0.06 mg per liter
indicating resistance. Hospital admission and
antimicrobial treatment were at the discretion
of the facility clinician. Participants with
blood culture—confirmed S. Typhi were con-
tacted every 2 weeks until they were asymp-
tomatic to monitor treatment response and
outcomes.

OUTCOMES
The primary outcome was blood culture—con-
firmed typhoid fever occurring at any time after
vaccination. Secondary outcomes were the safe-
ty profiles of Vi-TCV and the MenA vaccine (as-
sessed according to the number of adverse
events detected in the first 30 minutes after
vaccination), the number of serious adverse
events within 28 days after vaccination, and the
number of adverse events within 6 months after
vaccination. For the primary evaluation of vac-
cine efficacy, all children were under enhanced
passive surveillance for at least 18 months (from
February 21, 2018, to April 3, 2020).

STATISTICAL ANALYSIS

Details regarding the sample-size and power
calculations have been reported previously.?
In brief, assuming a vaccine efficacy of 75%,
we calculated that a minimum of 30 cases of
typhoid fever would be needed to test the null
hypothesis of no protective efficacy (i.e., vac-
cine efficacy £0%). The primary analysis was
performed in the intention-to-treat popula-
tion, which included all children who under-
went randomization and received a dose of a
vaccine. The first episode of blood culture—
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confirmed typhoid fever occurring after vac-
cination was used for the primary analysis. In
the intention-to-treat analysis, the vaccine
group was defined according to the vaccine
that was assigned, not the vaccine that was
received. The per-protocol analysis of vaccine
efficacy included children who completed the
trial without any protocol deviations, received
the vaccine to which they were assigned, and
had the first episode of blood culture—con-
firmed typhoid fever at least 14 days after
vaccination.

Because of the interruption of surveillance
(starting on April 3, 2020) as a result of corona-
virus disease 2019, the protocol was amended to
allow the primary efficacy analysis to be con-
ducted as of April 3, 2020, encompassing 18 to
24 months of follow-up per participant. The
data and safety monitoring board approved the
amendment because the trial had reached
the prespecified number of typhoid cases, and
a prolonged disruption in surveillance would af-
fect evaluations of incidence, cases prevented,
and the number needed to vaccinate. Surveil-
lance of the full cohort, conducted in a blinded
manner, is planned to continue until September
30, 2021 (a minimum of 36 months of follow-
up) for secondary longer-term efficacy and sub-
group analyses.

The incidence rate was calculated as the num-
ber of first episodes of blood culture—confirmed
typhoid fever divided by the total follow-up
time. Individual follow-up time was the smallest
of the following: time to the first episode of
typhoid fever; time to withdrawal from the trial,
loss to follow-up, death, or relocation out of the
trial area; or the time to the end of the analysis
period. The incidence rate ratio was calculated
as the ratio of the incidence rate in the Vi-TCV
group to that in the MenA group. The vaccine
efficacy was calculated as (1-incidence rate ra-
tio) x 100%. Subgroup analyses were conducted
to evaluate vaccine efficacy according to sex,
trial site (Ndirande or Zingwangwa), and age at
the time of vaccination (<5 years or >5 years).
Poisson regression with the interaction term
between each prespecified subgroup of interest
and the vaccine group was used to compare vac-
cine efficacy across subgroups.

The absolute risk reduction was calculated as
the risk of blood culture—confirmed typhoid
fever in the MenA group minus that in the Vi-
TCV group. The number needed to vaccinate
was calculated as 1-+absolute risk reduction,
representing the number of children who would
need to be vaccinated to prevent one case of
blood culture—confirmed typhoid fever. The cu-
mulative incidence of typhoid fever for each
vaccine group was calculated with the use of the
Kaplan—Meier method, and vaccine efficacy was
estimated at 12, 18, and 24 months after vacci-
nation with the use of the life-table method. All
analyses were performed according to the pre-
specified statistical analysis plan with the use of
Stata software, version 16 (StataCorp). Full de-
tails of the trial design and conduct are provided
in the protocol, available with the full text of
this article at NEJM.org.

RESULTS

TRIAL PARTICIPANTS

From February 21, 2018, to September 27,
2018, a total of 29,949 children underwent
screening, and 28,212 were randomly assigned
to receive Vi-TCV or the MenA vaccine (Fig. 1).
The intention-to-treat population included
28,130 children who had received a dose of a
vaccine (14,069 in the Vi-TCV group and 14,061
in the MenA group), and the per-protocol
population included 27,882 children who had
received the assigned vaccine (13,945 in the
Vi-TCV group and 13,937 in the MenA group)
(Fig. 1). The median age of the participants
was 6.0 years (range, 0.8 to 12.0), and the
baseline characteristics were similar in the two
groups (Table 1).

VACCINE EFFICACY

Between February 21, 2018, and April 3, 2020, a
total of 7776 children presented to a passive
surveillance center and met the criteria for hav-
ing blood-culture assessment performed. Blood
cultures were obtained from 7314 children
(94.1%). A total of 75 samples were positive for
S. Typhi; 2 samples were from a 9-year-old child
who had had two episodes of typhoid fever, at
24 weeks and at 49 weeks after vaccination; the
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29,949 Children were assessed for eligibility

1732 Were ineligible
82 Did not meet inclusion criteria
— 905 Met exclusion criteria
694 Were temporarily excluded
51 Had incomplete eligibility screening

28,217 Were eligible

— 3 Were withdrawn

28,214 Underwent preliminary
screening

2 Had invalid PID and did not undergo
randomization

28,212 Underwent randomization

14,117 Were assigned to 14,095 Were assigned to
receive Vi-TCV receive MenA vaccine

34 Were excluded
32 Did not receive MenA vaccine
48 Did not receive Vi-TCV 1 Had history of allergic
and were excluded reaction
1 Received two vaccinations
on the same day

14,069 Were vaccinated and were included | | 14,061 Were vaccinated and were included

in the intention-to-treat analysis in the intention-to-treat analysis
124 Were excluded from the 124 Were excluded from the

per-protocol analysis per-protocol analysis
82 Had PID assignment error — 84 Had PID assignment error
42 Had vaccine administra- 40 Had vaccine administra-

tion error tion error

13,945 Were included in the 13,937 Were included in the
per-protocol analysis per-protocol analysis

Figure 1. Enrollment and Randomization.
MenA denotes meningococcal capsular group A conjugate, PID participant identification number, and Vi-TCV Vi
polysaccharide typhoid conjugate vaccine.
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Table 1. Baseline Characteristics of the Children in the Intention-to-Treat Population.*

Vi-TCV

Characteristic (N=14,069)
Sex — no. (%)

Female 7065 (50.2)

Male 7004 (49.8)
Age at enrollment — yr

Mean 6.1+3.3

Median (range) 6.0 (0.8-12.0)
Age group — no. (%)

<2yr 1552 (11.0)

=2to <5 yr 3506 (24.9)

=5yr 9011 (64.0)
Trial site — no. (%)

Ndirande 8863 (63.0)

Zingwangwa 5206 (37.0)

MenA Vaccine Overall
(N=14,061) (N=28,130)
7231 (51.4) 14,296 (50.8)
6330 (48.6) 13,834 (49.2)

6.2+3.3 6.1+£3.3

6.0 (0.8-12.0) 6.0 (0.8-12.0)
1598 (11.4) 3,150 (11.2)
3581 (25.5) 7,087 (25.2)
8882 (63.2) 17,893 (63.6)
8832 (62.8) 17,695 (62.9)
5229 (37.2) 10,435 (37.1)

* Plus—minus values are means +SD. The intention-to-treat population included all participants who underwent random-
ization and received a dose of a vaccine. Percentages may not total 100 because of rounding. MenA denotes meningo-
coccal capsular group A conjugate, and Vi-TCV Vi polysaccharide typhoid conjugate vaccine.

second episode was therefore excluded from the
efficacy analyses. All 75 isolates were MDR, and
4 (5.3%) were resistant to ciprofloxacin (Table
S1 in the Supplementary Appendix, available at
NEJM.org).

In the intention-to-treat analysis (Table 2),
there were 74 blood culture—confirmed cases of
typhoid fever: in 12 children in the Vi-TCV
group (incidence rate, 46.9 cases per 100,000
person-years) and in 62 children in the MenA
group (incidence rate, 243.2 cases per 100,000
person-years). One participant in the MenA
group died from severe typhoid 7 months after
vaccination. The protective efficacy of Vi-TCV
against blood culture—confirmed typhoid fever
at any time after vaccination was 80.7% (95%
confidence interval [CI], 64.2 to 89.6). The Ka-
plan—Meier curves show separation in the cu-
mulative incidence between the Vi-TCV and
MenA groups (P<0.001) (Fig. 2). The estimated

efficacy of Vi-TCV was 84.6% (95% CI, 50.0 to
94.4) at 12 months, 82.9% (95% CI, 58.1 to 92.5)
at 18 months, and 78.7% (95% CI, 52.8 to 91.7)
at 24 months after vaccination. The absolute risk
reduction was 3.6 cases per 1000 vaccinated
children, corresponding to a number needed to
vaccinate of 277.8. Three episodes of blood cul-
ture—confirmed typhoid fever that occurred in
the 14 days after vaccination were excluded from
the per-protocol analysis, yielding an overall ef-
ficacy of 83.7% (95% CI, 68.1 to 91.6) in the
per-protocol analysis (Table 2).

In the intention-to-treat analysis, the inci-
dence of blood culture—confirmed typhoid fever
in the MenA group was similar in children who
were younger than 5 years of age and children
who were 5 years of age or older (Table 2 and
Fig. S1). The protective efficacy of Vi-TCV was
81.2% (95% CI, 54.8 to 92.1) among boys, 80.3%
(95% CI, 52.8 to 91.8) among girls, 77.9% (95%
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Table 3. Safety Outcomes in the Intention-to-Treat Population.*
Vi-TCV MenA Vaccine Total
Variable (N=14,069) (N=14,061) (N=28,130)
No. of participants with serious adverse events within 28 days 4 10 14
after vaccination
No. of participants with serious adverse events within 6 mo 47 71 118
after vaccination
No. of serious adverse events within 28 days after vaccination 4 10 14
Infections and infestations 3 8 11
Other 1 2 3
No. of serious adverse events within 6 mo after vaccination 52 78 130
Infections and infestations 34 55 89
Respiratory tract infection 16 21 37
Gastroenteritis 11 8 19
Malaria 4 10 14
Other infections 3 16 19
Nervous system disordersT 6 9 15
Injury, poisoning, and procedural complications: 7 6 13
Other 5 8 13
No. of deaths within 6 mo after vaccination 0 6§ 6

* For the data reported in this table, the assigned vaccine group is the same as the received vaccine group.

- Nervous system disorders included febrile convulsion and seizure.

i Injury, poisoning, and procedural complications included fractures and road traffic accidents.

§ The causes of death were acute kidney injury secondary to hypovolemia, intraabdominal infection resulting from shunt
infection, death in the community from unknown cause, tracheoesophageal fistula after ingestion of a foreign body,
massive trauma, and blood culture-negative sepsis and unknown chronic illness (i.e., malnutrition, tuberculosis, or
a malignant condition).

CI, 46.5 to 90.9) among children in Ndirande, 0.006— MenA vaccine
and 82.9% (95% CI, 59.2 to 92.8) among chil-
.. 005
dren in Zingwangwa. g 0.00
3 0.004-]
v
SAFETY £
) ) @ 0.003-
Three boys in the MenA group had directly ob- b
served adverse events, all mild in severity, g 00027 Vi-TCV
within 30 minutes after vaccination. Two events S 0.001-
(rash and syncope) were considered to be related 0.000
to vaccination, and one (diarrhea) was deter- o 100 200 300 400 500 600 700
mined to be unrelated to the trial regimen. Days since Vaccination
Within 28 days after vaccination, 14 serious No. at Risk
adverse events occurred in 14 participants: MenA vaccine 14,061 14,048 14,036 14,021 14,002 13,989 11517 4769
Vi-TCV 14,069 14,061 14,057 14,052 14,050 14,047 11,606 4830

4 events in the Vi-TCV group (in 3 girls and
1 boy) and 10 events in the MenA group (in
9 girls and 1 boy) (Table 3). Within 6 months
aftel: V3001ngt10n, 130 serious ac?verse events The intention-to-treat population included all participants who underwent
(52 in the Vi-TCV group and 78 in the MenA randomization and received a dose of a vaccine. Shaded areas indicate
group) occurred in 118 participants (47 in the 95% confidence intervals. Blood culture—confirmed typhoid fever occurred
Vi-TCV group and 71 in the MenA group). Al- in 62 children in the MenA group and in 12 children in the Vi-TCV group.
though more serious adverse events were ob-

Figure 2. Kaplan—Meier Estimates of the Cumulative Incidence of Blood
Culture—Positive Typhoid Fever in the Intention-to-Treat Population.
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DISCUSSION

In this field trial in Africa, a single dose of Vi-
TCV was effective in preventing typhoid fever
among children 9 months to 12 years of age.
Overall, the incidence of typhoid was 243.2 per
100,000 person-years in the MenA group and
was similarly high in school-age and preschool
children. An intention-to-treat analysis compar-
ing this incidence with that in the Vi-TCV group
yielded a protective efficacy of Vi-TCV of 80.7%.
The efficacy of Vi-TCV was similar in children
who were younger than 5 years of age and chil-
dren who were 5 years of age or older at the
time of vaccination, and this efficacy remained
consistent throughout the observation period. It
is encouraging that the efficacy of Vi-TCV
(80.7% in the intention-to-treat analysis and
83.7% in the per-protocol analysis) in Malawi
after 18 to 24 months is consistent with a previ-
ously reported efficacy of 81.6% after 12 months
of follow-up among Nepalese children 9 months
to 16 years of age.”” The safety profile of Vi-TCV
was reassuring, with no excess serious adverse
events in the Vi-TCV group and no adverse or
serious adverse events considered to be related
to the vaccine. The six children who died
within the first 6 months after vaccination were
in the MenA group. One death from typhoid in
the MenA group occurred 7 months after vac-
cination.

Previous trials of typhoid vaccines have been
performed in Africa. In a randomized, con-
trolled trial involving 23,075 South African
children 5 to 16 years of age, a single dose of
unconjugated Vi capsular polysaccharide vac-
cine was 55 to 60% effective over a period of
3 vyears.”®? A systematic review and meta-
analysis of randomized, controlled trials, in-
cluding trials in Africa, showed that at 3 years
the cumulative efficacy of the oral Ty21a vac-
cine and the polysaccharide Vi vaccine were
similar, at 51% (95% CI, 36 to 62) and 55%
(95% CI, 30 to 70), respectively.®® Despite a
2008 WHO recommendation for programmatic
use of existing vaccines in countries in which
typhoid is endemic,?”® no African country inte-
grated these vaccines into routine schedules,
largely because of the unsuitability of their use

in the youngest children and the need for re-
peated doses. The burden of typhoid in Mala-
wi, and elsewhere in Africa, is high among
school-age and preschool children."* Although
earlier typhoid vaccines were shown to be ef-
fective in school-age children, our trial showed
that the incidence of typhoid was similar in
preschool and school-age children and that a
single dose of Vi-TCV was also effective among
African children younger than 5 years of age.
Vi-TCV efficacy was consistent throughout the
trial period, and ongoing typhoid surveillance
(36 to 42 months) of this cohort will provide
further data on the durability of protection and
will enable further age-stratified analyses in
younger children. Analysis of a subgroup of
this trial population is under way and will pro-
vide data on age-stratified immunogenicity.

Routine introduction of Vi-TCV among in-
fants, coupled with catch-up campaigns target-
ing children up to the age of 15 years, offers a
strategy for typhoid control.*® The WHO rec-
ommends vaccine introduction in countries
with a high incidence of typhoid or with
emerging antimicrobial resistance. In Febru-
ary 2019, Zimbabwe3! deployed Vi-TCV pro-
grammatically as a local, targeted, mass-vacci-
nation campaign among children 6 months to
15 years of age in response to an antimicrobi-
al-resistant typhoid outbreak. Routine intro-
duction of Vi-TCV paired with catch-up cam-
paigns is planned in Zimbabwe, Liberia, and
Malawi.

Prevention of mother-to-child HIV trans-
mission and successful national rollout of an-
tiretroviral treatment have dramatically re-
duced the prevalence of HIV among children in
Malawi. In the period from 2015 to 2016, the
prevalence was 1% among children 4 years of
age or younger and 1.5% among children 14
years of age or younger.* It is nonetheless reas-
suring that among the 196 HIV-infected chil-
dren identified and included in this trial, there
was no excess of serious adverse events ob-
served among those in the Vi-TCV group, and
no serious adverse events were considered to be
related to vaccination. Globally, across all age
groups, HIV infection is associated with great-
ly reduced odds of diagnosis of blood culture—
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confirmed typhoid (odds ratio, 0.04; 95% CI,
0.01 to 0.11).» Several explanations for this
counterintuitive finding have been proposed.**
The continued surveillance in this trial, along
with an ongoing substudy assessing the im-
munogenicity of a one-dose or two-dose sched-
ule of Vi-TCV among HIV-exposed children at
9-month and 15-month immunization visits,
will provide additional information in this vul-
nerable population.

MDR S. Typhi remains prevalent in sub-
Saharan Africa,® which is reflected in our find-
ing that 100% of samples were resistant to
first-line agents for suspected bloodstream in-
fection. In the context of the rise in fluoroqui-
nolone-resistant strains of S. Typhi across Asia,?
it is particularly worrisome that four S. Typhi
strains among participants enrolled in this
trial showed reduced susceptibility to fluoro-
quinolones. The threat of the independent
emergence of azithromycin-resistant typhoid,
as seen in several Asian countries,® adds ur-
gency and relevance to efforts to introduce a
safe and efficacious Vi-TCV vaccine across the
African continent and globally.
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