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streams are exposed to acidic conditions for a defined residence time using tubular

reactors or hold tanks designed to ensure consistent exposure [3,4]. This approach enables

precise control over critical parameters such as pH, temperature, and residence time.

Continuous nanofiltration is another key component of viral clearance strategies.
By integrating virus-retentive membranes into continuous downstream workflows,
manufacturers can achieve consistent viral removal while supporting steady-state
operation. Advances in membrane technology and flow control systems have improved
flux stability and minimized fouling, making continuous operation more feasible.

One of the main advantages of continuous viral clearance is improved process integration.
Aligning viral clearance steps with continuous upstream and downstream operations
reduces hold times, intermediate storage, and manual interventions. This can lead to
smaller facility footprints, reduced contamination risk, and improved manufacturing
efficiency. Continuous processing also supports real-time monitoring and control,
enabling rapid detection of deviations and enhanced process robustness [5].

Despite its benefits, continuous viral clearance presents technical and regulatory
challenges. Ensuring equivalent or superior viral clearance performance compared to
batch processes requires rigorous validation and residence time distribution studies.
Regulatory agencies expect comprehensive demonstration of robustness, consistency,
and traceability. Additionally, integration with existing batch-based processes may require
hybrid manufacturing strategies during transition phases.

Conclusion

Continuous viral clearance represents a significant advancement in biomanufacturing
safety and efficiency. By integrating viral inactivation and removal into continuous
processing workflows, it supports modern manufacturing paradigms while maintaining
high safety standards. Although technical and regulatory challenges remain, ongoing
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innovation and regulatory engagement are
driving progress. As the biopharmaceutical
industry increasingly adopts continuous
manufacturing, continuous viral clearance
will play a critical role in ensuring the safe and
reliable production of biologic medicines.

References
1. Barik K, Sao S, Parihar DK (2016) Phytochemical and

Pharmaceutical Panorama of Catharanthus roseus.

TAJPS 3:288-293.
2. Ingalwad B Veer V, Bhosale A (2020) Overview on a

Vinca Alkaloid & Its Medicinal, Therapeutic Properties.
IJTSRD 4: 846-49.

Johnson IS, Armstrong JG, Gorman M, Burnett JR
(1963) The Vinca Alkaloids: A New Class of Oncolytic
Agents. Cancer Res 1390-427.

Nayak BS, Pereira LMP (2006) Catharanthus roseus
flower extract has wound healing activity in Sprague
Dawley rats. BMC Complement Altern Med 6:41.

Nejat N, Valdiani A, Cahill D, Tan YH, Maziah M,
et al. (2015) Ornamental exterior versus therapeutic
interior of Madagascar periwinkle (Cat- haranthus
roseus): the two faces of a versa-tile herb. Scientific
World Journal 2015:1-19.

Pharm. Bioprocess. (2025) 13(5)

290


https://www.google.com/search?q=Phytochemical+and+Pharmaceutical+Panorama+of+Catharanthus+roseus&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIIS4pCpAzVvSo0E8-XdXciz6Nxz4Q%3A1714988815701&ei=D6c4Zu2zKqGNseMPvuOWiAw&ved=0ahUKEwit95yZ3_iFAxWhRmwGHb6xBcEQ4dUDCBA&uact=5&oq=Phytochemical+and+Pharmaceutical+Panorama+of+Catharanthus+roseus&gs_lp=Egxnd3Mtd2l6LXNlcnAiQFBoeXRvY2hlbWljYWwgYW5kIFBoYXJtYWNldXRpY2FsIFBhbm9yYW1hIG9mIENhdGhhcmFudGh1cyByb3NldXNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclientFILENAME
https://www.google.com/search?q=Phytochemical+and+Pharmaceutical+Panorama+of+Catharanthus+roseus&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIIS4pCpAzVvSo0E8-XdXciz6Nxz4Q%3A1714988815701&ei=D6c4Zu2zKqGNseMPvuOWiAw&ved=0ahUKEwit95yZ3_iFAxWhRmwGHb6xBcEQ4dUDCBA&uact=5&oq=Phytochemical+and+Pharmaceutical+Panorama+of+Catharanthus+roseus&gs_lp=Egxnd3Mtd2l6LXNlcnAiQFBoeXRvY2hlbWljYWwgYW5kIFBoYXJtYWNldXRpY2FsIFBhbm9yYW1hIG9mIENhdGhhcmFudGh1cyByb3NldXNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclientFILENAME
https://www.google.com/search?q=Overview+on+a+Vinca+Alkaloid+%26+Its+Medicinal%2C+Therapeutic+Properties&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIJ16tf3RN3zUmfs3HlfOYdOq-iwSg%3A1714988866763&ei=Qqc4ZuyOLu2ZseMPlK6Q6AU&ved=0ahUKEwjst8mx3_iFAxXtTGwGHRQXBF0Q4dUDCBA&uact=5&oq=Overview+on+a+Vinca+Alkaloid+%26+Its+Medicinal%2C+Therapeutic+Properties&gs_lp=Egxnd3Mtd2l6LXNlcnAiRE92ZXJ2aWV3IG9uIGEgVmluY2EgQWxrYWxvaWQgJiBJdHMgTWVkaWNpbmFsLCBUaGVyYXBldXRpYyBQcm9wZXJ0aWVzSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACFILENAME
https://www.google.com/search?q=Overview+on+a+Vinca+Alkaloid+%26+Its+Medicinal%2C+Therapeutic+Properties&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIJ16tf3RN3zUmfs3HlfOYdOq-iwSg%3A1714988866763&ei=Qqc4ZuyOLu2ZseMPlK6Q6AU&ved=0ahUKEwjst8mx3_iFAxXtTGwGHRQXBF0Q4dUDCBA&uact=5&oq=Overview+on+a+Vinca+Alkaloid+%26+Its+Medicinal%2C+Therapeutic+Properties&gs_lp=Egxnd3Mtd2l6LXNlcnAiRE92ZXJ2aWV3IG9uIGEgVmluY2EgQWxrYWxvaWQgJiBJdHMgTWVkaWNpbmFsLCBUaGVyYXBldXRpYyBQcm9wZXJ0aWVzSABQAFgAcAB4AJABAJgBAKABAKoBALgBA8gBAPgBAvgBAZgCAKACFILENAME
https://www.google.com/search?q=The+Vinca+Alkaloids%3A+A+New+Class+of+Oncolytic+Agents&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIJkkGfWH1z0YkhjjlFWxx4pwhfEDw%3A1714988928012&ei=gKc4Zq44-NWx4w_4prngBA&ved=0ahUKEwiu-OPO3_iFAxX4amwGHXhTDkwQ4dUDCBA&uact=5&oq=The+Vinca+Alkaloids%3A+A+New+Class+of+Oncolytic+Agents&gs_lp=Egxnd3Mtd2l6LXNlcnAiNFRoZSBWaW5jYSBBbGthbG9pZHM6IEEgTmV3IENsYXNzIG9mIE9uY29seXRpYyBBZ2VudHNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=The+Vinca+Alkaloids%3A+A+New+Class+of+Oncolytic+Agents&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIJkkGfWH1z0YkhjjlFWxx4pwhfEDw%3A1714988928012&ei=gKc4Zq44-NWx4w_4prngBA&ved=0ahUKEwiu-OPO3_iFAxX4amwGHXhTDkwQ4dUDCBA&uact=5&oq=The+Vinca+Alkaloids%3A+A+New+Class+of+Oncolytic+Agents&gs_lp=Egxnd3Mtd2l6LXNlcnAiNFRoZSBWaW5jYSBBbGthbG9pZHM6IEEgTmV3IENsYXNzIG9mIE9uY29seXRpYyBBZ2VudHNIAFAAWABwAHgAkAEAmAEAoAEAqgEAuAEDyAEA-AEC-AEBmAIAoAIAmAMAkgcAoAcA&sclient=gws-wiz-serp
https://www.google.com/search?q=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIIj7p3JHOj35WNTttdbK7C5nazkOw%3A1714988979002&ei=sqc4ZvnaPKPXseMPuamhmAQ&ved=0ahUKEwj5-4vn3_iFAxWja2wGHblUCEMQ4dUDCBA&uact=5&oq=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&gs_lp=Egxnd3Mtd2l6LXNlcnAiVENhdGhhcmFudGh1cyByb3NldXMgZmxvd2VyIGV4dHJhY3QgaGFzIHdvdW5kIGhlYWxpbmcgYWN0aXZpdHkgaW4gU3ByYWd1ZSBEYXdsZXkgcmF0czIHECMYFILENAME
https://www.google.com/search?q=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIIj7p3JHOj35WNTttdbK7C5nazkOw%3A1714988979002&ei=sqc4ZvnaPKPXseMPuamhmAQ&ved=0ahUKEwj5-4vn3_iFAxWja2wGHblUCEMQ4dUDCBA&uact=5&oq=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&gs_lp=Egxnd3Mtd2l6LXNlcnAiVENhdGhhcmFudGh1cyByb3NldXMgZmxvd2VyIGV4dHJhY3QgaGFzIHdvdW5kIGhlYWxpbmcgYWN0aXZpdHkgaW4gU3ByYWd1ZSBEYXdsZXkgcmF0czIHECMYFILENAME
https://www.google.com/search?q=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIIj7p3JHOj35WNTttdbK7C5nazkOw%3A1714988979002&ei=sqc4ZvnaPKPXseMPuamhmAQ&ved=0ahUKEwj5-4vn3_iFAxWja2wGHblUCEMQ4dUDCBA&uact=5&oq=Catharanthus+roseus+flower+extract+has+wound+healing+activity+in+Sprague+Dawley+rats&gs_lp=Egxnd3Mtd2l6LXNlcnAiVENhdGhhcmFudGh1cyByb3NldXMgZmxvd2VyIGV4dHJhY3QgaGFzIHdvdW5kIGhlYWxpbmcgYWN0aXZpdHkgaW4gU3ByYWd1ZSBEYXdsZXkgcmF0czIHECMYFILENAME
https://www.google.com/search?q=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIKgk7EmH-oBTgcvFUQbVPaLR_01lg%3A1714989017961&ei=2ac4Zq-jOo36seMPvv2ccA&ved=0ahUKEwjv89X53_iFAxUNfWwGHb4-Bw4Q4dUDCBA&uact=5&oq=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFPcm5hbWVudFILENAME
https://www.google.com/search?q=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIKgk7EmH-oBTgcvFUQbVPaLR_01lg%3A1714989017961&ei=2ac4Zq-jOo36seMPvv2ccA&ved=0ahUKEwjv89X53_iFAxUNfWwGHb4-Bw4Q4dUDCBA&uact=5&oq=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFPcm5hbWVudFILENAME
https://www.google.com/search?q=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&sca_esv=c33f69b4e642d21b&sxsrf=ADLYWIKgk7EmH-oBTgcvFUQbVPaLR_01lg%3A1714989017961&ei=2ac4Zq-jOo36seMPvv2ccA&ved=0ahUKEwjv89X53_iFAxUNfWwGHb4-Bw4Q4dUDCBA&uact=5&oq=Ornamental+exterior+versus+therapeutic+interior+of+Madagascar+periwinkle+%28Cat-+haranthus+roseus%29%3A+the+two+faces+of+a+versa-tile+herb&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFPcm5hbWVudFILENAME

