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 What can we learn from cervico-vaginal samples (CVS)

 Why collect first void urine for Ab testing

 Sampling vaccinated and none vaccinated women

 Use of FVU to monitor immune response after vaccination

 How good can we discriminate between vaccinated and non-vaccinated 
women

 Conclusion



Infection and vaccine-induced HPV-specific 
antibodies in cervicovaginal secretions.  
A review of the literature.
Pattyn J., Van Keer S., Tjalma W., Matheeussen V., Van Damme P., and Vorsters A. (2019)

 Is it feasible to detect infection-induced and/or vaccine-

induced HPV-specific antibodies in cervicovaginal secretions? 

 Do local and systemic HPV-specific antibodies levels correlate?

 Assess the current knowledge of HPV antibody levels at the cervix 

Figure derived from Garçon et al. (2011)

Exudation Transudation
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Records identified through 
Pubmed

(n = 722)

Unique articles

(n = 1,201)

After screening at title 

level (n = 118)

Records identified through 
Web Of Science

(n =  827)

Duplicates removed

(n = 348)

Articles removed at title 

level (n = 1083)

After screening at 

abstract level (n = 60)

After screening at full-

text level (n = 42)

Articles removed at 

abstract level (n = 58)

Articles removed at full-

text level (n = 18)

Final articles used for the review (n = 44)

Articles included from 
references (n = 2)

 Published between 1989 and 2018

 Natural HPV infection (26/44)

 HPV vaccination (18/44) 

 Most papers reported paired 

CVS and serum data (36/44)
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 Is it feasible to detect infection-induced HPV antibodies in CVS? YES

 Antibody levels were low and near the detection limit of the current assays

 Do local and systemic HPV-specific antibodies levels correlate? NO

 Low concordance between CVS and serum

 Is it feasible to detect vaccine-induced HPV antibodies in CVS? YES

 Detectable vaccine-induced Ab levels in CVS are lower than serum levels  

 Do local and systemic HPV-specific antibodies levels correlate? YES

 Moderate to good correlation with serum levels were reported in several studies
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Need for specific methods to improve sensitivity and standardize the detection of (HPV) antibodies in CVS



+ good; +/- moderate,  not good

Characteristics Cervical wick Cervicovaginal lavages Cytobrush/swab

Minimal trauma +/- + 

Known dilution of secretions +/-  +/-

Minimal dilution of secretions +  +

Sufficient material collected  + 

Ease of collection + +/- +

Self-insertion/self-collection possible +  +
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Why first-void urine?

Initial stream of urine

Captures impurities lining the urethra opening 

including transudated antibodies and biomarker-

containing mucus and debris from exfoliated cells 

originating from female genital organs 
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✓ Non-invasive

✓ Preferred 

✓ Home-based 

First-void Midstream

- Neonatal Fc receptor 

(FcRn) involved in IgG 

transudation found across 

the whole FGT epithelia. 

- Hysterectomy causes total 

IgG concentrations to 

decrease with ca. 95% in CVS



First-void urine
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 Increase participation

Avoid sampling-

induced microtrauma

Van Keer et al. (2019)

First-void Midstream
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Colli-PeeIni.Stream
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The initial stream of urine captures a concentrated wash 
of biomarkers from the female genital tract
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1 0.6 0 DIV/0 1880 233

2 1450 24.4 59.4 1710 200

3 14.4 2.99 4.8 4110 192

4 6400 626 10.2 552 387

5 767 7.6 100 2830 327

6 0 0 DIV/0 56.9 142

7 2.6 0 DIV/0 204 44.6

8 392000 15600 25.1 17300 2760

9 36.4 0.227 160.4 314 64.1

10 51 4.18 12.2 5900 1500

P = 0.008 P = 0.007

DNA copies
FVU > Mid-stream urine

HPV16-IgG
FVU > Mid-stream urine

Vorsters et al. (2014), European Journal of Clinical Microbiology & Infectious Diseases Van Caesbroeck et al. (2025), Under revision at Human Vaccines & Immunotherapeutics
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Detection of HPV DNA 
and methylation markers

Secondary prevention – OUTPUT



Comparison of a VLP-based and GST-L1-based multiplex 
immunoassay to detect vaccine-induced HPV-specific antibodies 
in first-void urine
Pattyn J.,Panicker G., Willhauck-Fleckenstein M., Van Keer S., Téblick L., Pieters Z., Tjalma W., Matheeussen V., Van Damme P., Waterboer T., Unger E., 
Vorsters A. (2020)

First-void urine as a non-invasive liquid biopsy source to detect 
vaccine-induced human papillomavirus antibodies originating 
from cevicovaginal secretions
Severien Van Keer, Martina Willhauck-Fleckenstein, Jade Pattyn, Julia Butt, Wiebren A A Tjalma, Xaveer Van Ostade, Niel Hens, Pierre Van Damme, Tim 
Waterboer, Alex Vorsters. (2019)



N=19 N=36

Test results from 53 paired first-void urine and serum samples
included for statistical analysis

Median age 22y 
(IQR: 20-24y)

Vaccine type:
N= 31/36 (4vHPV)
N= 4/36 (2vHPV)
N=1 (2v/4vHPV)

Total Human IgG GST-L1 M4ELISA
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M4ELISA measured HPV antibody levels
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(B) M4ELISA – HPV16/18 antibody levels according to sample type and vaccination status 
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(A) M4ELISA - HPV6/11 antibody levels according to sample type and vaccination status 
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(B) M4ELISA – HPV16/18 antibody levels according to sample type and vaccination status 
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(B) M4ELISA – HPV16/18 antibody levels according to sample type and vaccination status 
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M4ELISA comparison between FV urine and serum

rs = 0.91 
p <0.001 

(C) HPV16

Rs = 0.91

P <0.001

HPV16

HPV6 – Rs = 0.85

HPV11 – Rs = 0.86

HPV18 – Rs = 0.79
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What do we know about HPV-specific antibodies in first-void urine?

Hypothesis antibodies in 
first-void urine

Detection of HPV-
specific antibodies

First-void urine vs. 
mid-stream urine

Long-term detection of 
HPV-specific antibodies
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Are HPV-specific antibodies still detectable in first-void urine on the long-term? 

M0 M1 M6

Gard9 Gard9 Gard9

M7 M43

n = 63 n = 63

n = 58
n = 57n = 57

Phase III vaccine trial 
in adult women with 

Gardasil9 vaccine

Substudy

AB-SOP 

follow-up

N = 63
Median age = 35

HPV DNA
- Roche Cobas 6800: all samples

- Riatol qPCR: Cobas 6800 positive samples

Immunology

- HPV 9-Plex VLP-based  IgG ELISA (M9ELISA)
- Bio-Rad Bioplex Total IgG Luminex assay

First-void 

urine 

samples

Paired 

samples

Téblick et al. (2023) – Journal of Medical Virology 



What do we know about HPV-specific antibodies in first-void urine?

Hypothesis antibodies in 
first-void urine

Detection of HPV-
specific antibodies

First-void urine vs. 
mid-stream urine

Long-term detection of 
HPV-specific antibodies

17Téblick et al. (2023) – Journal of Medical Virology 

Spearman Rank correlations at three timepoints

Se
ru

m

First-void urine

Before vaccination 1 month after full vaccination 3 years after full vaccination
rs: 0.54-0.71rs: 0.36-0.78 rs: 0.64-0.82 

HPV-specific antibodies are still 

detectable in first-void urine after 

a longer period of time. 



What do we know about HPV neutralization in first-void urine?
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Are HPV-specific antibodies still neutralizing pseudovirions in first-void urine? 
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Controls

Positive sample Negative sample

Dil 1:5 Dil 1:10 Dil 1:15 Dil 1:25Dil 1:20

Dil 1:200 Dil 1:800 Dil 1:3200 Dil 1:51200Dil 1:12800

DAPIEGFP 
A

B C

Téblick et al. (2024) – Human Vaccines & Immunotherapeutics

Antibodies are still 

neutralizing in FVU

Assay optimization for 

FVU is required due to 

low concentrations



1919

Detection of HPV DNA 
and methylation markers

Detection of HPV-
specific total antibodies 

Functionality of local 
immune markers

Primary prevention – OUTPUT



Future perspective: Non-invasive assessment of 
vaccine-induced HPV antibodies via first-void urine.
Pattyn J., Van Keer S., Teblick L., Van Damme P., and Vorsters A. (2020)

Focus on urine as sample to assess HPV DNA +

 Less invasive than serum collection

 Does not require trained personnel

 Assessment of both HPV infection and immunogenicity simultaneously

 FV urine could allow HPV vaccine effectiveness data to be reliably generated in 

different settings 1) where serum samples cannot be taken,  2) (self-collected) vaginal swabs 

are less preferred due to for example cultural reasons or a fear of discomfort and 3) limited 

data on vaccination status is available.
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Project Overview – WP3 

Can we normalize for intra- and inter-individual variability?

G1:  Pre-
adolescent girls

G2: Women 
using 

contraceptives

G4: Women with 
natural cycle 

G5: Post-
menopausal 

women

36 days of follow-up

G2, G3, and G4 G1, G5 and G6D1 and D36

G6: Men 
G3: Women with 

IUD

• n = 25

• 18-30 years

• Fully vaccinated

• Ovulation 
influencing 
contraceptive 
use

• n = 25

• 9-14 years

• Fully vaccinated

• n = 25

• 18-30 years

• Fully vaccinated

• Use of an 
hormonal or 
copper IUD

• n = 25

• 18-30 years

• Fully vaccinated

• No ovulation 
influencing 
contraceptive 
use

• n = 25

• 50-70  years

• Fully vaccinated

• No ovulation 
influencing 
contraceptive 
use

• n = 25

• 18-30 years

• Fully vaccinated

Every other day

D1 and D36

Once a week

Recruitment ongoing - Clinicaltrials.gov: NCT06582654

• Within- and between-group
differences? 

• Differences between
consecutive samples of same
participant?

• Patterns in fluctuations and
normalization markers to
normalize for fluctuations?

URINORM

Confidential slides 
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Project Overview – WP3 

Current status

Included

Pre-adolescent girls:

Ovulation-influencing contraceptives group:

IUD group:

Natural cycle group:

Men:

Post-menopausal women: 

25/25

25/25

25/25

25/25

20/25

4/25

1. LH surge
2. Erythrocytes
3. Anti-HPV antibodies
4. HPV DNA
5. Total IgG
6. Ig isotyping
7. GAPDH
8. Total protein
9. Estrogen/progesterone
10. …

Experimental goals

Aimed outcome: To find (the best combination of) biomarkers to normalize inter- and intra-individual variability in HPV-specific antibody levels in 
first-void urine samples.  

Confidential slides 

> 2000 samples collected

Can we normalize for intra- and inter-individual variability?

URINORM

7/25



• Generate local data on HPV vaccine immune response and HPV 

infection prevalence. 
• Generate evidence-based information on gaps and challenges 

related to HPV vaccination training among HCPs/ health workforce

• Assess the implementation feasibility of the study in various settings 

The overall objective of this study is to generate local data on HPV 

vaccine immune response and HPV infection prevalence in the Gavi 

demonstration cohort and young adolescents vaccinated as part of NIP, 

and to generate evidence on information on gaps and challenges related 

to HPV vaccination training among HCPs

The research questions: 

MISP-IMPACT-HPV study: Study Objectives 



Kenya
Prof. Nelly Mugo

Senior Principal Clinical Scientist - Kenya Medical Research 

Institute (KEMRI)

Senegal 
Prof. Tandakha Ndiaye Dieye 

Immunology & vaccinology

Head of laboratories, Centre National de Transfsuion Sanguine

Head of immunology unit, IRESSEF (Diamniadio)

President of the African Society for Immunodeficiencies (ASID)

Secretary General of the Society of AIDS in Africa (SAA)

Uganda
Dr. Sabrina Bakeera-Kitaka & Dr. Joseph Rujumba

College of Health Sciences, School of Medicine, Department of 

Pediatrics and Child Health, Makerere University, Uganda 

MISP-IMPACT-HPV study: Co-Investigators at the Country-level
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Study design: Comparative cohort study measuring HPV immune response and infection prevalence between vaccinated and 
unvaccinated adolescent girls.

Two cohorts per site: Vaccinated (NIP or GAVI pilot) vs. unvaccinated — age-matched to ensure comparability across all sites.

Study sites — Uganda & Kenya

🇺🇬 Uganda - Kampala

•  NIP-vaccinated cohort (school-
based)
•  Vaccinated vs. unvaccinated 
age-matched

•  Recruited via health facilities 
& schools

🇰🇪 Kenya — Kiambu

NIP cohort (from 2019)

•  Girls <18 yrs; parental consent + child 
assent

•  Schools with high & low vaccination 
coverage

•  Community outreach in agricultural 
& slum areas

🇰🇪 Kenya — Kitui

GAVI Pilot cohort (2013–15)

•  Young women traced via 
schools & community

•  Original pilot registers retrieved 
from schools

•  Snowball sampling + 
Community Health Promoters

Senegal sample collection ongoing

GAVI Pilot cohort (2009)

•  Young women traced via facility 
and community

•  Original pilot registers retrieved 
from health facilities

•  Snowball sampling + 
Community Health Promoters

🇺🇬 Uganda — Nakasongola

NIP cohort (from 2019)

MISP-IMPACT-HPV study: Design & Sites



Multicentric cohort study to compare efficacy of a single 
dose of 4-HPV vaccine compared to two & three doses in 10-
18 yr old females in India

Partha Basu MD, PhD
Dty Head, Early Detection, Prevention & 
Infections Branch

Lancet Oncol 2021; 22: 1518–29; further updated



Study arm to receive 2 doses of 4-HPV at 0 & 6 months
(Recruitment planned:10,000; Recruited: 9188)

Comparison arm to receive 3 doses of 4-HPV at 0, 2 & 6 months
(Recruitment planned: 10,000; Recruited:8541)

Loss of randomization due to order issued on 8 April 2010 by Ministry of 
Health to stop HPV vaccination in research studies with immediate effect

• Screening for cervical cancer using Hybrid Capture IITM (HC II) for married participants at 25 & 
30 years of age

• HC II positive women tested for HPV 16/18/45 only using PS genotyping test (test used for 
triaging of HPV positives)

• HC II positive women undergo colposcopy (& biopsy)

Recipients of 3 doses 
as per protocol

(N= 4,348)

Recipients of 2 doses 
as per protocol

(N= 4,980)

Recipients of 2 doses by 
default at 0 & 2 months

(N= 3,452)

Age & site-matched first 
unvaccinated control group 
recruited during 2013-2015

(N= 1,541)

Recipients of a single 
dose by default

(N= 4,949)

Study designed as a cluster RCT to compare 2 vs. 3 doses of 4-HPV vaccine in 10-18 year old unmarried girls initiated in Sept 2009

Age & site-matched second 
unvaccinated control group 

(screening-only) recruited during 
2017-2019
(N= 3,631)

Unvaccinated cohorts recruited post-hoc:

• Yearly follow up
• Cervical specimen collection for HPV genotyping (LuminexTM assay) for 21 HPV types starting 

at 18 months after marriage or 6 months after first pregnancy yearly x 4 such
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