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Abstract This study evaluated the effect of a formalin-inactivated feed-based
Vibrio harveyi vaccine on macrophage activities following challenge with
live Vibrio spp. Three experimental groups, each comprising 105 marine
tilapias, were established. Fish in Groups 1 and 2 were vaccinated with
adjuvanted or non-adjuvanted formulations at weeks 0, 2, and 6,
respectively, whereas Group 3 received PBS only. Serum samples were
collected at 2-week intervals, whereas peritoneal macrophages were
collected on weeks 0 (pre-vaccination) and 10 (post-vaccination). Serum
IgM against V. harveyi and V. alginolyticus were measured by indirect
ELISA. Cultured macrophages were exposed to V. harveyi and V.
alginolyticus for 0, 30, 60, and 120 min. Following exposure, phagocytic
activity, intracellular bacterial killing, and macrophage cell death were
assessed. Serum IgM concentrations increased following the primary and
first booster vaccinations and remained elevated up to week 4.
Administration of the second booster sustained these elevated IgM levels
through week 12 in vaccinated Groups 1 and 2. However, Group 1
developed significantly (p < 0.05) higher IgM levels against both V. harveyi
and V. alginolyticus than Groups 2 and 3. Similarly, Group 1
demonstrated significantly (p < 0.05) higher rate of macrophage
phagocytic activity than unvaccinated Group 3 at 30 min and 60 min after
exposure to V. harveyi and V. alginolyticus, respectively. Group 1 also
showed significantly (p < 0.05) higher intracellular killing of V. harveyi and
V. alginolyticus than Groups 2 and 3 at 30, 60, and 120 min, but non-
significant (p > 0.05) lower macrophage death rates at 30 min after V.
harveyi challenge and at 60 min after V. alginolyticus challenge compared
to Groups 2 and 3. In conclusion, the oil-adjuvanted, formalin-killed V.
harveyi feed-based vaccine elicited effective systemic immunity, leading
to enhanced macrophage-mediated phagocytosis and intracellular
killing of V. harveyi and V. alginolyticus in marine tilapia, suggesting
potential heterologous (cross-protective) immune responses against
multiple Vibrio species.

Keywords Author Keywords: Macrophage; Tilapia; Vaccination; Vibrio harveyi; Vibrio
alginolyticus
Keywords Plus: PROFESSIONAL PHAGOCYTES; JAPANESE FLOUNDER;

LATES-CALCARIFER; INNATE; FISH; PARAHAEMOLYTICUS; INFECTION;

IDENTIFICATION; STREPTOCOCCUS; EFFICACY

Author Information Corresponding Address: Salleh, Annas (corresponding author)

Univ Putra Malaysia, Fac Vet Med, Dept Vet Lab Diag, Upm Serdang
43400, Selangor, Malaysia
E-mail Addresses :
annas@upm.edu.my
Addresses :

arrow_drop_down

https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Macrophage%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Tilapia%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Vaccination%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Vibrio%20harveyi%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Vibrio%20alginolyticus%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Vibrio%20alginolyticus%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22PROFESSIONAL%20PHAGOCYTES%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22JAPANESE%20FLOUNDER%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22LATES-CALCARIFER%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22INNATE%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22FISH%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22PARAHAEMOLYTICUS%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22INFECTION%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22IDENTIFICATION%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22STREPTOCOCCUS%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22EFFICACY%5C%22%22%7D%5D&eventMode=oneClickSearch
mailto:annas@upm.edu.my


1  Univ Putra Malaysia, Fac Vet Med, Dept Vet Lab Diag, Upm Serdang
43400, Selangor, Malaysia

2  Univ Putra Malaysia, Inst Biosci, Aquat Anim Hlth & Therapeut Lab,
Upm Serdang 43400, Selangor, Malaysia

3  Univ Putra Malaysia, Fac Agr, Dept Aquaculture, Upm Serdang
43400, Selangor, Malaysia

4  Univ Putra Malaysia, Fac Sci, Dept Biol, Upm Serdang 43400,
Selangor, Malaysia

5  Int Islamic Univ Malaysia, Inst Oceanog & Maritime Studies, Aquat
Microbiol Res Lab, Kuantan 25200, Pahang, Malaysia
E-mail Addresses :
tilushavet@gmail.com; salwany@upm.edu.my; mnamal@upm.edu.my;

firdausn@iium.edu.my; mzamri@upm.edu.my; annas@upm.edu.my

Data availability
statement

Data will be made available on request.

Categories/
Classification

Research Areas: Immunology; Microbiology

Web of Science
Categories

Immunology; Microbiology

Funding

Trans-disciplinary Research Grant Scheme of the Ministry of
Higher Education, Malaysia

TRGS/1/2019/UPM/02/5

Ministry of Higher Education, Malaysia under the Higher
Institution Centre of Excellence to Institute of Bioscience, UP

5220001

Sri Lanka Council for Agricultural Research Policy 5220001

arrow_drop_down

arrow_drop_down

arrow_drop_down

arrow_drop_down

arrow_drop_down

MeSH Terms From MEDLINE® Search terms found

Chemical From MEDLINE®

expand_more
View funding text

Funding agency Grant number

add See more data fields

mailto:tilushavet@gmail.com
mailto:salwany@upm.edu.my
mailto:mnamal@upm.edu.my
mailto:firdausn@iium.edu.my
mailto:mzamri@upm.edu.my
mailto:annas@upm.edu.my
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Immunology%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Microbiology%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Trans-disciplinary%20Research%20Grant%20Scheme%20of%20the%20Ministry%20of%20Higher%20Education,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Trans-disciplinary%20Research%20Grant%20Scheme%20of%20the%20Ministry%20of%20Higher%20Education,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%22TRGS%2F1%2F2019%2FUPM%2F02%2F5%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Ministry%20of%20Higher%20Education,%20Malaysia%20under%20the%20Higher%20Institution%20Centre%20of%20Excellence%20to%20Institute%20of%20Bioscience,%20UP%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Ministry%20of%20Higher%20Education,%20Malaysia%20under%20the%20Higher%20Institution%20Centre%20of%20Excellence%20to%20Institute%20of%20Bioscience,%20UP%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%225220001%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Sri%20Lanka%20Council%20for%20Agricultural%20Research%20Policy%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%225220001%5C%22%22%7D%5D&disableEdit=true


Journal information

ISSN 0882-4010

eISSN 1096-1208

Current
Publisher

ACADEMIC PRESS LTD- ELSEVIER SCIENCE LTD, 24-28 
OVAL RD, LONDON NW1 7DX, ENGLAND

Table of
Contents

Current Contents Connect

Research
Areas

Immunology; Microbiology

Web of
Science
Categories

Immunology; Microbiology

Journal
Citation
Indicator ™
(2025)

Citation Network

In Web of Science Core Collection

0 Citations

60
Cited References

How does this document's citation
performance compare to peers?

Use in Web of Science

0 0
Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

Science Citation Index Expanded
(SCI-EXPANDED)

MICROBIAL PATHOGENESIS

arrow_forwardLearn more

arrow_back View Journal Impact

0.86

add_alert Create citation alert

arrow_forward View Related Records

https://www.webofscience.com/wos/ccc/browse/table-of-contents/MICROBIAL%20PATHOGENESIS?issue=2026,Vol.217
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SO%22,%22rowText%22:%22MICROBIAL%20PATHOGENESIS%22%7D%5D
javascript:void(0)


Data is from InCites Benchmarking &
Analytics

Suggest a correction
If you would like to improve the quality
of the data in this record, please Suggest
a correction

60 Cited References View as set of
results

Showing  30  of  60 (from Web of Science Core Collection)

arrow_back Open comparison metrics panel

javascript:void(0)
javascript:void(0)
https://www.webofscience.com/wos/woscc/summary/9ed64702-b1ab-4317-8760-292f9edd1638-01bd2e40fd/author-ascending/1

