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Background

L As typhoid conjugate vaccines (TCVs) are introduced in low-income and middle-
income countries to prevent typhoid illness in children via national
immunisation programmes, post-introduction monitoring is important to

understand how they perform under real-world conditions.

U Test-negative design (TND) has previously been efficiently used to evaluate post-
introduction vaccine effectiveness for other vaccines (e.g., influenza, rotavirus,
and COVID-19)

o Cases and controls selected based on diagnostic testing
o Reduce confounding due to health care seeking behavior

L TND has not been formally evaluated for TCVs
o Low disease incidence
o Low blood culture sensitivity
o Vaccine misclassification

Thompson et al. N Engl J Med 2021; 385: 1355-71.
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Objective

L Evaluated the appropriateness of the TND as a method to assess typhoid Vi
polysaccharide-tetanus toxoid conjugate vaccine (Vi-TT), using blood culture
surveillance data from a RCT of Vi-TT in Malawi

o Verify the core assumption of the TND: Vi-TT has no effect on nontyphoid fever
o Compare vaccine effectiveness derived by TND with RCT efficacy results

o Assess the effect of vaccine misclassification, blood culture S. Typhi positivity rate, and
blood culture sensitivity to detect typhoid fever on vaccine effectiveness estimation in TND
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Blood cultures collected between

Study participants Fe 27, 2018 and Sop 30, 2001

8541 specimens from
6485 participants

O Malawi RCT per-protocol sample: 27,882 Malawian
children in Blantyre aged 9 months to 12 years

Excluded 315 specimens from

randomly assigned (1:1) to receive a single dose of Vi-TT 314 participants as date of blood
or MenA from 2/21/2018 to 9/27/2018 eninationps e
L TND sample: Had at least one blood culture sample il
collection at least 14 days after vaccination 8226 specimens from 27882 participants in the
0 Blood culture results e S

o Test-positive: Positive for S. Typhi
o Test-negative

= Negative for S. Typhi but positive for another 65 specimens from
44 participants excluded who
pathogen were not in the per-protocol

= Negative for any pathogen dataset
= Positive for contaminants

Study sample (27882 participants)

8161 specimens from 6218 participants
21664 participants with no blood culture

Patel et al. N Engl J Med 2021; 385: 1104-15.
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TND approaches

L Because some participants had more than one blood culture specimen collected,
three TND samples were selected:
o Method A: Participant-based analysis without censoring for S. Typhi
= (Cases: participants with an episode of S. Typhi
= Controls: participants with an episode of non- S. Typhi illness, including those who may have tested
positive for S. Typhi at another time point
o Method B: Participant-based analysis with censoring for S. Typhi
= (Cases: same as Method A
= Controls: participants with an episode of non- S. Typhi illness, excluding those who ever had a test
that was S. Typhi positive during the study period
o Method C: Specimen-based analysis:
= Cases: S. Typhi positive specimens
=  Controls: S. Typhi negative specimens

L Vaccine Effectiveness = (1-Odds Ratio [OR]) x 100%, where OR = relative odds of Vi-TT
vaccination in cases vs. controls
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Influence of vaccine against blood culture-confirmed S. Typhi
and non- S. Typhi ilinesses

Participant-based analysis Specimen-based analysis*
Total  Test-positive fortyphoid  Test-negative with no Test-negative with Noblood  Test-positive Test-negative specimens
censoringt censoring¥ culture specimens

Vi-TT 13945 16/97 (16-5%) 3087/6166 (50-1%) 3077/6121 (50-3%) 10852 17/101 (16-8%)  4092/8060 (50-8%)
MenA 13937 81/97 (83-5%) 3079/6166 (49:9%) 3044/6121 (49-7%) 10812 84/101 (83-2%)  3968/8060 (49-2%)
VE against typhoid§ (95% Cl), - 80:-4% (66-4 to 88-5)1], 80-3% (66-2 to 88.5)||, 80.5% (66-5t0 88-6)**, . - 80-4% (66-9 to 88-4)tt,
p value p<0-0001 X p<0-0001 p<0-0001 p<0-0001
VE against non-typhoid$f RCT vaccine efficacy -0-4% (-4-9 to0 3-9)||, -1-0% (-5-6 to 3-3)**, - - -2:5% (-6-4to 1-:3) 11,
(95% Cl), p value p=0-87 p=0-65 p=0-20

Data are n or n/N (%), unless otherwise indicated. MenA=meningococcal capsular group A conjugate vaccine. VE=vaccine efficacy in the randomised controlled trial or vaccine effectiveness in the test-negative
design“ Vi-TT=typhoid Vi polysaccharide-tetanus toxoid-conjugate vaccine. *Cases are typhoid-positive specimens and controls are typhoid-negative specimens. TControls include participants with an episode of
non-typhoid illness, without censoring for typhoid (ie, controls might have tested positive for typhoid at another timepoint). £Controls include participants with an episode of non-typhoid illness, with censoring
fortyphoid (ie, controls exclude participants who ever had a test that was typhoid-positive during the study period). SVE=(1-odds ratio) x 100%, using the test-negative design sample only. VE=(1-incidence rate
ratio) x 100%. || Test-negative design A. **Test-negative design B. t1Test-negative design C. $3VE=(1-risk ratio) x 100%, using the whole randomised controlled trial.

For all three methods
* TND vaccine effectiveness estimates were almost identical to the RCT vaccine efficacy estimate
* Receipt of Vi-TT did not affect the risk of non-typhoid fever (core assumption of the TND)
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Effect of overall vaccine misclassification rate (p1 + p2) on vaccine effectiveness
estimation by TND specimen-based analysis

Cases vaccinated Controls vaccinated VE against typhoid*

pl=probability of misclassifying vaccinated as unvaccinated.

by Vi-TT by Vi-TT (95% C1) - . e . :
p2=probability of misclassifying unvaccinated as vaccinated.
0% vaccine misclassification—gold 17/101 (16-8%)  4092/8060 (50-8%) 80-4% (66-9to 88-4)
standard
L tOnly misclassifying vaccinated as unvaccinated for both
5% vaccine misclassification ) )
Misclassifying vaccinated as 12/101(11.9%)  3689/3060 (458%)  84:0% (70-80 913) .cases and controls due to the loss of vaccination cards, that
unvaccinated, both groupst is, p1 + p2=p1, hence p2=0 among both cases and controls.
Differential misclassification, lowest ~ 22/101 (21-8%)  3689/8060 (45-8%) 67-0% (47-0t0 79.5)
possible VE: ¥p1=0 among cases (misclassifying unvaccinated as
Differential misclassification, 12/101 (11-.9%)  4495/8060 (55-8%) 89-3% (80-4 to 94-2) vaccinated among cases) and p2=0 among controls
highest ible VES . - . .
100/'9 es_pOSS'_ T ﬁ ; (misclassifying vaccinated as unvaccinated among controls),
¢ vacene miscassication resulting in the lowest possible VE.
Misclassifying vaccinated as 7/101 (6-9%) 3286/8060 (40-8%) 89-2% (76-7 to 95-0)
unvaccinated, both groupst ) . )
Differential misclassification, lowest ~ 27/101(26:7%)  3286/8060 (40-8%)  47-0% (17-5 to 66-0) §p2=0 among cases (misclassifying vaccinated as
possible VE: unvaccinated among cases) and p1=0 among controls
Differential misclassification, 7/101(6:9%)  4898/8060 (60-8%)  95-2% (896 to 97-8) (misclassifying unvaccinated as vaccinated among controls),
highest possible VES resulting in the highest possible VE.
15% vaccine misclassification
Misclassifying vaccinated as 2/101 (2-0%) 2883/8060 (35-8%) 96-4% (85-3t0 99-1) . . .
unvaccinated, both groupst VE. estlm_a.tlor?s were not. rell_able when
Differential misclassification, lowest ~ 32/101(31.7%)  2883/8060 (35-8%) 16-9% (-27-0to 45-4) misclassification of vaccination status exceeded 10%.
possible VE+
Differential misclassification, 2/101 (2-0%) 5301/8060 (65-8%) 98-9% (95-7 to 99-7)

highest possible VES
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Effect of blood culture test sensitivity on vaccine effectiveness estimation by TND
specimen-based analysis, stratified by blood culture positivity rate

Adjusted blood Adjusted Adjusted control Adjusted VE against - .
Justedioo juste ctses Juste CS" rols Jus .e* agatns When the blood culture positivity rate is low,

culture typhoid- vaccinated vaccinated typhoid*t(95% Cl) o ) .

positive* blood culture sensitivity (BCS) is less critical

Observed blood culture typhoid positivity 101/8161 (1-2%)

for VE point estimation but influences the
precision (width of 95% Cl) of the estimation.

100% BCS 101/8161 (1-2%) 17/101 (16-8%) 4092/8060 (50-8%)  80-4% (66-9-88-4) «  When BCS decreased from 100% to 30%,
80% BCS 126/8161 (1-5%) 21/126 (16:7%) 4088/8035 (50-9%)  80-7% (69-1-87-9) the adjusted point estimates of VE

50% BCS 202/8161 (2:-5%) 34/202 (16:8%)  4075/7959 (512%)  80-7% (72-0-867) increased only slightly, but the width of
30%BCS  337/8161 (41%) 57/337(16:9%)  4052/7824 (51:8%)  81.0% (747-85:8) the 95% Cls became much narrower.
Observed blood culture typhoid positivity 408/8161 (5-0%)

100% BCS  408/8161 (5-0%) 69/408 (16-9%)  4040/7753(521%)  81-3% (757-85-6)

80% BCS 510/8161 (6-2%) 86/510 (16-9%) 4023/7651(52-6%)  81.7% (76-8-85-6)

50% BCS 816/8161 (10-0%) 137/816 (16-8%) 3972/7345 (541%)  82-9% (79-3-85-8)

30% BCS 1360/8161 (16-7%) 228/1360 (16-8%)  3881/6801(57-1%)  84-8% (82-4-87-0)

Observed blood culture typhoid positivity 816/8161 (10-0%)

100%BCS  816/8161 (10-0%) 137/816 (16-8%) 3972/7345 (541%)  82:9% (79-3-85-8)

80%BCS  1020/8161 (12-5%) 171/1020 (16-8%)  3938/7141(551%)  83-6% (80-6-86-2)

50%BCS  1632/8161(20-0%)  274/1632(16-8%)  3835/6529(587%)  85.8% (83-7-87.7)

30% BCS 2720/8161(33:3%)  457/2720 (16-8%)  3652/5441(67-1%)  90-1% (88-9-91.2)
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Conclusions

U This study validated the TND core assumption that TCV has no
effect on febrile illnesses that are not caused by S. Typhi.

W This study showed that, even with suboptimal blood culture
sensitivity, TND can produce accurate and precise estimates of
vaccine effectiveness compared with RCT vaccine efficacy
results in a Malawian pediatric population when

o The misclassification of vaccination status is <10%
o The proportion of blood cultures that are typhoid positive is <10%
These results suggest that TND is well-suited for post-

introduction assessments of TCV effectiveness in low-income
settings due to its efficiency, convenience, and low cost.
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Thanks to the MLW TyVAC team
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Effect of vaccine on blood culture-confirmed typhoid overall
and by subgroups

VE (95% C1)

All children
Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C
Age <5years
Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C
Age =5 years
Randomised trial
Test-negative design-A
Test-negative design-B

Test-negative design-C
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80-4% (66-4-885)
80-3% (66-2-88-5)
80-5% (66-5-88.6)
80-4% (66.9-88.4)

68-6% (30-6-85-8)
68-8% (30-9-85-9)
69-0% (31-4-86-0)
67-2% (30-0-84-6)

85-8% (70-1-93-2)
85-8% (70-0-93-2)
85-9% (70-3-93-3)
867% (72:0-937)




Male

Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C
Female

Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C
Ndirande

Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C
Zingwangwa
Randomised trial
Test-negative design-A
Test-negative design-B
Test-negative design-C

80-6% (58:5-90-9)
80-5% (58-1-90-9)
80-6% (58-5-91-0)
79-7% (58-2-90-2)

80-2% (57-8-90-7)
80-1% (57:5-907)
80-3% (57-9-90-8)
811% (59-6-91-1)

77-1% (52-8-88-9)
77-0% (52-4-88-9)
77-1% (52-6-88-9)
75-6% (51-1-87-8)

83-4% (63-0-92-5)
83-4% (62-8-92-6)
83-6% (63-4-927)
847% (65-9-93-1)
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