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CLAIMS  
 

1. A method for treating a biological fluid comprising: 
 

providing a biological fluid in admixture with a photoactive pathogen inactivation compound, 
wherein the photoactive pathogen inactivation compound is a psoralen; and 
 
illuminating the biological fluid with ultraviolet light with a first peak wavelength of from 330 nm 
to 350 nm emitted by a set of one or more first light sources, wherein each of the one or more 
first light sources emits light having a full-width half-maximum (FWHM) spectral bandwidth of 
less than 20 nanometers, and  
 
wherein illuminating the biological fluid occurs for a duration and at an intensity sufficient to 
inactivate a pathogen in the biological fluid. 
 

2. The method of any one of claims 1, wherein the first peak wavelength is a peak wavelength 
of one first light source of the set of one or more first light sources.  
 

3. The method of claim 2, wherein the first peak wavelength is a peak wavelength of each of a 
plurality of first light sources of the set of one or more first light sources.  
 

4. The method of any one of claims 1, wherein the first peak wavelength is the average peak 
wavelength of the set of one or more first light sources.  
 

5. The method of any one of claims 1-4, further comprising illuminating the biological fluid with 
ultraviolet light with a second peak wavelength emitted by a set of one or more second light 
sources, wherein each of the one or more second light sources emits light having a full-width 
half-maximum (FWHM) spectral bandwidth of less than 20 nanometers, and wherein the 
second peak wavelength differs from first peak wavelength by at least 5 nm. 
 

6. The method of claim 5, wherein the second peak wavelength is a peak wavelength of one 
second light source of the set of one or more second light sources.  
 

7. The method of claim 6, wherein the second peak wavelength is a peak wavelength of each of 
a plurality of second light sources of the set of one or more second light sources. 
 

8. The method of claim 5, wherein the second peak wavelength is the average peak wavelength 
of the set of one or more second light sources.  
 

9. The method of any one of claims 1-8, wherein the set of one or more first light sources 
comprises one or more LEDs. 
  

10. The method of any one of claims 1-9, wherein the biological fluid is contained within a 
container, and wherein the set of one or more first light sources is disposed as an array of light 
sources, the set of one or more first light sources facing only one side of the container.  
 

11. The method of any one of claims1-10, wherein the photoactive pathogen inactivation 
compound is amotosalen. 
 

12. The method of any one of claims 1-11, further comprising, prior to illuminating the biological 
fluid with the ultraviolet light with the first peak wavelength:  
 
introducing the biological fluid in admixture with the photoactive pathogen inactivation 
compound into a treatment chamber, the treatment chamber comprising one or more light 
sensors configured to detect light in the treatment chamber and a first array of light sources 
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configured to illuminate the biological fluid in the treatment chamber, wherein the first array of 
light sources comprises a first light source channel comprising the set of one or more first light 
sources, 
 
wherein illuminating the biological fluid comprises emitting light with the first peak wavelength 
from the first light source channel for a first duration and at first intensity sufficient to inactivate 
a pathogen in the biological fluid. 
 

13. The method of claim 12, wherein each light source of the first light source channel is configured 
to emit ultraviolet light with a first peak wavelength between 315 nm and 350 nm. 
 

14. The method of claim 12 or claim 13, further comprising,  
 
determining a set of characteristics of the biological fluid; 
 
determining a treatment profile based on the set of characteristics of the biological fluid; and  
 
adjusting or setting a set of parameters of the treatment chamber in accordance with the 
treatment profile. 
 

15. The method of claim 14, wherein illuminating the biological fluid is performed in accordance 
with the treatment profile, and wherein the first duration and the first intensity sufficient to 
inactivate the pathogen are determined from the treatment profile. 
 

16. The method of any one of claims 12-15, wherein the first array of light sources comprises a 
second light source channel configured to emit light of a second peak wavelength.  
 

17. The method of claim 16, wherein the second peak wavelength differs from the first peak 
wavelength by at least 5 nm. 
 

18. The method of claim 16 or claim 17, wherein the second peak wavelength is in an ultraviolet 
A, ultraviolet B, or ultraviolet C spectrum. 
  

19. The method of any one of claims 15-18, wherein the second light source channel comprises 
a set of one or more second light sources, wherein each of the one or more second light 
sources emits light having a full-width half-maximum (FWHM) spectral bandwidth of less than 
20 nanometers.    
 

20. The method of any one of claims 14-19, wherein the set of characteristics of the biological 
fluid includes one or more of a group comprising: a volume of the biological fluid, a type of the 
biological fluid, and a temperature of the biological fluid.  
 

21. The method of any one of claims 15-20, wherein determining the treatment profile based on 
the set of characteristics of the biological fluid comprises determining the first intensity of light 
with the first peak wavelength or determining the first duration of emission of light with the first 
peak wavelength.   
 

22. The method of any one of claims 13-21, the treatment chamber further comprising a first 
platform positioned in the treatment chamber, the first platform carrying the biological fluid.  
 

23. The method of claim 22, wherein adjusting or setting the set of parameters of the treatment 
chamber comprises adjusting or setting a distance between the first array of light sources and 
the first platform.   
 

24. The method of any one of claims 1-23, further comprising agitating the biological fluid.  



 
 

128 
 

 
25. The method of any one of claims 1-24, wherein a total dose of ultraviolet light illuminating the 

biological fluid is 0.5 J/cm2 to 50 J/cm2. 
 

26. The method of claim 25, wherein a total dose of ultraviolet light illuminating the biological fluid 
emitted by the set of one or more first light sources is 0.5 J/cm2 to 50 J/cm2. 
 

27. The method of any one of claims 1-26, wherein the method for treating is sufficient to inactivate 
at least 1 log of a pathogen in the biological fluid when present, and wherein the biological 
fluid after illuminating is suitable for infusion into a subject without further processing to remove 
residual pathogen inactivation compound or photoproduct(s) thereof. 
 

28. The method of any one of claims 1-27, wherein the method for treating is sufficient to inactivate 
at least 1 log of a pathogen in the biological fluid when present, and wherein the biological 
fluid after illuminating is suitable for infusion into a subject without subjecting the biological 
fluid to a compound removal step to remove residual pathogen inactivation compound or 
photoproduct(s) thereof.  
 

29. The method of any one of claims 1-28, wherein the method for treating is sufficient to inactivate 
at least 1 log of a pathogen in the biological fluid when present, and wherein the biological 
fluid comprises 5 µM or less of the pathogen inactivation compound after illuminating. 
 

30. The method of any one of claims 1-29, wherein the method for treating is sufficient to inactivate 
at least 1 log of a pathogen in the biological fluid when present, and wherein the biological 
fluid comprises 2 µM or less of the pathogen inactivation compound after illuminating. 
 

31. The method of any one of claims 1-30, wherein a concentration of the pathogen inactivation 
compound in admixture with the biological fluid prior to illuminating is at least 10 µM. 
 

32. The method of any one of claims 1-31, wherein a concentration of the pathogen inactivation 
compound in admixture with the biological fluid prior to illuminating is 15 µM to 150 µM.  
 

33. The method of any one of claims 1-32, wherein a concentration of the pathogen inactivation 
compound in admixture with the biological fluid after illuminating is at least 3-fold less than the 
concentration of pathogen inactivation compound in admixture with the biological fluid prior to 
illuminating.  
 

34. The method of any one of claims 1-33, wherein the method for treating is sufficient to inactivate 
at least 4 log of a pathogen in the biological fluid when present.   
 

35. The method of any one of claims 1-34, wherein the biological fluid after illuminating maintains 
sufficient biological activity so that the biological fluid is suitable for infusion into a subject.  
 

36. The method of any one of claims 1-35, wherein the biological fluid comprises a blood product. 
  

37. The method of any one of claims 1-36, wherein the biological fluid comprises a plasma 
composition.  
 

38. The method of claim 37, wherein the concentration of fibrinogen in the plasma composition 
after illuminating is at least 70% of the concentration of fibrinogen in the plasma composition 
prior to illuminating.  
 

39. The method of claim 37 or claim 38, wherein the concentration of factor VIII in the plasma 
composition after illuminating is at least 70% of the concentration of factor VIII in the plasma 
composition prior to illuminating. 
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40. The method of any one of claims 1-39, wherein the biological fluid comprises a platelet 

composition.  
 

41. The method of claim 40, wherein the biological fluid further comprises a platelet additive 
solution.  
 

42. The method of claim 40 or claim 41, wherein the amount of platelets in the platelet composition 
after illuminating is at least 80% platelet recovery.  
 

43. The method of any one of claim 40-42, wherein the pH at 22oC of the platelet composition 
after illuminating is at least 6.2.  
 

44. The method of any one of claims 1-43, wherein the method comprises, prior to illuminating, 
incubating the biological fluid with the photoactive pathogen inactivation compound for a 
period of from 30 minutes to 24 hours. 
 

45. A system for treating a biological fluid, the system comprising:   
 
a treatment chamber configured to receive a biological fluid;  

 
one or more sensors configured to detect light in the treatment chamber; and  
 
a first array of light sources positioned to illuminate the biological fluid in the treatment 
chamber, wherein the first array of light sources comprises a first light source channel 
configured to emit ultraviolet with a first peak wavelength of from 330 nm to 350 nm, wherein 
the first light source channel comprises one or more light sources, each of which emits light 
having a full-width half-maximum (FWHM) spectral bandwidth of less than 20 nanometers, 
and wherein the biological fluid is admixture with a photoactive pathogen inactivation 
compound.   
 

46. The system of claim 45, wherein the first peak wavelength of the first array is the average 
peak wavelength of the one or more light sources of the first light source channel.  
 

47. The system of any one of claims 45-46, wherein the one or more light sources of the first light 
source channel comprises one or more light emitting diodes (LEDs). 
 

48. The system of claim 45, wherein the first array of light sources further comprises a second 
light source channel configured to emit light with a second peak wavelength of the first array, 
wherein the second light source channel comprises one or more light sources, each of which 
emits light having a full-width half-maximum (FWHM) spectral bandwidth of less than 20 
nanometers, and wherein the second peak wavelength of the first array differs from the first 
peak wavelength of the first array by at least 5 nanometers. 
 

49. The system of claim 48, wherein the second peak wavelength of the first array is in an 
ultraviolet A, ultraviolet B, or ultraviolet C spectrum. 
 

50. The system of claim 48 or claim 49, wherein the second light source channel comprises one 
or more LEDs. 
 

51. The system of any one of claims 45-50, wherein light sources of the first array of light sources 
are positioned in a non-uniform distribution on the array.  
 

52. The system of any one of claims 45-51, wherein the system is configured to agitate the 
biological fluid during treatment.  
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53. The system of any one of claims 45-52, wherein the first array of light sources comprises two 

or more panels of light sources. 
 

54. The system of any one of claims 45-53, wherein the first array is configured such that light 
sources of the first array illuminate the biological fluid in the treatment chamber with less than 
25% variance in irradiance across a surface of the biological fluid facing the first array.    
 

55. The system of any one of claims 45-54, further comprising a first platform positioned in the 
treatment chamber, the first platform configured to carry the biological fluid. 
 

56. The system of claim 55, wherein the first platform and the first array of light sources are 
configured to translate relative to each other to vary a distance between the first array of light 
sources and the first platform.  
 

57. The system of claim 55 or claim 56, wherein the first platform is slidably moveable for 
introducing and removing the biological fluid into and out of the treatment chamber. 
 

58. The system of any one of claims 55-57, wherein the first platform is configured to separately 
hold at least a first container with the biological fluid as a first container biological fluid and a 
second container with a second container biological fluid.   
 

59. The system of any one of claims 55-58, wherein one or more of the one or more sensors are 
affixed to or positioned in the first platform. 
 

60. The system of any one of claims 45-59, further comprising a barrier positioned in the treatment 
chamber between the first array of light sources and the biological fluid. 
 

61. The system of claim 60, wherein the barrier positioned in the treatment chamber between the 
first array of light sources and the biological fluid is transparent to light with a wavelength within 
30 nm of the first peak wavelength of the first array.  
  

62. The system of claim 60 or claim 61, wherein one or more of the one or more sensors are 
affixed to or positioned in the barrier positioned in the treatment chamber between the first 
array of light sources and the biological fluid. 
 

63. The system of any one of claims 45-62, wherein the first array comprises: a first region of light 
sources configured to illuminate the biological fluid as a first illuminated biological fluid in the 
treatment chamber and a second region of light sources configured to illuminate a second 
illuminated biological fluid in the treatment chamber. 
 

64. The system of any one of claims 45-63, further comprising control circuitry. 
 

65. The system of claim 64, wherein the control circuitry is configured to adjust or set an intensity 
of or a duration of emission of light from each light source of the first array of light sources.  
  

66. The system of claim 65, wherein the control circuitry is configured to adjust or set the intensity 
of or the duration of emission of light from each light source of the first array of light sources 
based at least in part on a first set of parameters detected by at least one sensor of the one 
or more sensors configured to detect light.  
 

67. The system of any one of claims 45-66, further comprising one or more sensors configured to 
detect the presence of a biological fluid within the treatment chamber.  
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68. The system of any one of claims 45-67, further comprising a second array of light sources 
facing an opposite direction as the first array of light sources, wherein the second array of light 
sources comprises a first light source channel configured to emit light of a first peak 
wavelength of the second array, and wherein the first light source channel of the second array 
comprises one or more light sources, each of which emits light having a full-width half-
maximum (FWHM) spectral bandwidth of less than 20 nanometers. 
 

69. The system of claim 68, wherein the first peak wavelength of the second array is substantially 
the same as the first peak wavelength of the first array.   
 

70. The system of claim 68, wherein the second array of light sources comprises a second light 
source channel configured to emit light of a second peak wavelength of the second array, 
wherein the second light source channel of the second array comprises one or more light 
sources, each of which emits light having a full-width half-maximum (FWHM) spectral 
bandwidth of less than 20 nanometers, and wherein the second peak wavelength of the 
second array differs from the first peak wavelength of the second array by at least 5 
nanometers. 
 

71. The system of any one of claims 68-70, wherein the first array of light sources and the second 
array of light sources are configured to translate relative to each other to vary a distance 
between the first array of light sources and the second array of light sources. 
 

72. The system of any one of claims 45-63, further comprising a second array of light sources 
facing a same direction as the first array of light sources, wherein the second array of light 
sources comprises a first light source channel configured to emit light of a first peak 
wavelength of the second array, and wherein the first array of light sources and the second 
array of light sources define a first region between the first array of light sources and the 
second array of light sources, and wherein first light source channel of the second array 
comprises one or more light sources, each of which emits light having a full-width half-
maximum (FWHM) spectral bandwidth of less than 20 nanometers.  
 

73. The system of any one of claims 68-72, further comprising a first platform positioned in the 
treatment chamber between the first array of light sources and the second array of light 
sources, the first platform configured to carry the biological fluid. 
 

74. The system of claim 72, further comprising: 
 
a first platform positioned in the treatment chamber in the first region, the first platform 
configured to carry the biological fluid as a first carried biological fluid; and 

 
a second platform positioned in the treatment chamber outside the first region, the second 
platform configured to carry a second carried biological fluid, wherein the second array of light 
sources faces the second platform.  
 

75. The system of claim 74, wherein one or more of the one or more sensors are affixed to or 
positioned in the second platform. 
 

76. The system of claim 68-75, further comprising a barrier positioned in the treatment chamber 
between the second array of light sources and a biological fluid. 
 

77. The system of claim 76, wherein the barrier positioned in the treatment chamber between the 
second array of light sources and a biological fluid is transparent to light with a wavelength 
within 30 nm of the first peak wavelength of the first array.  
  



 
 

132 
 

78. The system of claim 76 or claim 77, wherein one or more of the one or more sensors are 
affixed to or positioned in the barrier positioned in the treatment chamber between the second 
array of light sources and a biological fluid. 
 

79. The system of any one of claims 68-78, further comprising control circuitry configured to adjust 
or set an intensity of or a duration of emission of light from each light source of the second 
array of light sources. 
 

80. The system of claim 79, wherein the control circuitry is configured to adjust or set the intensity 
of or the duration of emission of light from each light source of the second array of light sources 
based at least in part on a first set of parameters detected by at least one sensor of the one 
or more sensors configured to detect light. 
 

81. The system of any one of claims 64-66, 79 and 80, wherein the control circuitry is configured 
to 
 
a) determine a set of characteristics of the biological fluid;  

 
b) determine a treatment profile based on the set of characteristics of the biological fluid;  

 
c) adjust or set a set of parameters of the treatment chamber in accordance with the treatment 
profile; and  

 
d) illuminate the biological fluid in accordance with the treatment profile.  
 

82. The system of any one of claims 45-81, wherein the system is configured to illuminate the 
biological fluid in admixture with a photoactive pathogen inactivation compound for a duration 
and at an intensity sufficient to inactivate a pathogen in the biological fluid when present. 
 

83. The system of any one of claims 45-81, wherein the system is configured to illuminate the 
biological fluid in admixture with a photoactive pathogen inactivation compound for a duration 
and at an intensity sufficient to inactivate at least 1 log a pathogen in the biological fluid when 
present, and wherein the biological fluid after illuminating is suitable for infusion into a subject 
without further processing to remove residual photoactive pathogen inactivation compound or 
photoproduct(s) thereof.  
 

84. The system of any one of claims 45-81, wherein the system is configured to illuminate the 
biological fluid in admixture with a photoactive pathogen inactivation compound for a duration 
and at an intensity sufficient to inactivate at least 1 log of a pathogen in the biological fluid 
when present, and wherein the biological fluid comprises 5 µM or less of photoactive pathogen 
inactivation compound after illuminating. 
 

85. The system of any one of claims 45-81, wherein the system is configured to illuminate the 
biological fluid in admixture with a photoactive pathogen inactivation compound for a duration 
and at an intensity sufficient to reduce the concentration of the photoactive pathogen 
inactivation compound in admixture with the biological fluid by at least 3-fold relative to the 
concentration of photoactive pathogen inactivation compound in admixture with the biological 
fluid prior to illuminating.  
 

86. The system of any one of claims 45-81, wherein the system is configured to illuminate the 
biological fluid in admixture with a photoactive pathogen inactivation compound for a duration 
and at an intensity sufficient to inactivate at least 4 log of a pathogen in the biological fluid 
when present.   
 

87. The system of any one of claims 45-86, wherein the biological fluid comprises a blood product. 



 
 

133 
 

  
88. The system of any one of claims 45-87, wherein the biological fluid comprises a plasma 

composition.  
 

89. The system of any one of claims 45-87, wherein the biological fluid comprises a platelet 
composition.  
 

90. The system of claim 89, wherein the biological fluid further comprises a platelet additive 
solution. 
 

91. The system of any one of claims 45-90, wherein the photoactive pathogen inactivation 
compound is amotosalen 
 

.


