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A 	A 	-ee e 	-- 	'e e 	 infection preventing-a—Str-eptootsoc-us-pnou-meniae 

where the free concentration of Zr 	and/or Mn2* is sufficiently low to 

upregulate the expres„ion of at I 	one PhtX 	in the Streptococcus ast 	protein 

the step of administering a pneumoniaeorn-pr[sing 	 pharmaceutically effective 

amount of the PhtX 	to a human protein 	 patient. 

2. The method of treatment of claim 1 wherein the PhtX 	is 	from protein 	selected 

the 	consisting of PhtA, PhtB, PhtD and PhtE. group 

- P-14tX 	is PhtD. - 	 protein 

infeotion-000ei-rs-in-laloocl, 

- - -- - - ee 	— ' 	" - in the-free-sonoentration-ofin the blood is loss - 	 - 	- - 

-.• 	e-L 4 	- 1  + 	91.14 	e 	eei , 	.--. 	- 	-• 	- _ 	 e eee 	-•• 

6. 	The method of claim 4 wherein the bound-and-free-sonoentration-of--Zn2+ in 

the blood is lees than 2 or 1 moll or less than 20pM as measured from blood serum. 

7,method 	claim 4 	 in- 4)e -T-he 	of 	wherei-n-the-ffee-oonoentration-of-Mn2*- 	-blood-is-less 

-..• 	e-k , 	-k , 	titti,, 	e 	Se1., 	•..-- 	-e 	 - - 	- 	e-- 	- 	eee 	..,. 
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8. The-method-of olaim-11-wherein the bound and free concentration of-Mr',--i-n-the 

blood is less than 2 or 1 mo/I-or lees than 20pM as measured from blood serum. 

••- •ee e -• e•-• e 	•• 

5 	 infection occurs in a lung. 

10. The method of claim 9 wherein the free concentration of Zn2+ in the lung is 

than 300, 200, 100, 50 or 10pg kg as measured from a bronchial lavage. 

10 

15 

20 

11. The method of claim 9 wherein the free concentration 

	

	Mn2+ in the lung is less of 

--- 	el 	ee 	el 	I! 	e 	ee 	e 	••- 	-e 	 - e-• 	- 	e 	e--- 	- 

-2-The-method-df claim 9 wherein the concentration of Z- 

- 	• 	I 	e 	e 	e 	e 	ei 	Se 	9 	e_ii _ 	- 	_ 	-e 	-le 	-.1 	-I 	e 	_ 

measured from lung tissue. 

13. The method 	any 	 1 3 	the Streptococcus of 	one of claims 	wherein 	 pneumoniae 

infection occurs in a middle ear. 

14. The method of claim 13 wherein-the-oendentfatian-af Zn24.-in- the-middle-ear-is 

less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1 	0.5, 0.2 or 0.1 , 	 pM. 

15. The method of claim 13 wherein the concentratiah-ef-Mr+24--in the-midd4e-ear is 

less than200, 150, 100, 50, 20, 10, 5:  2, 1 	0.5, 0.2 or 0.4-pM- -300, 	 , 

• • 
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16. The method of any one of claims 1 3 wherein the Streptococcus pneumonia° 

infection occurs in the meninges. 

17. The method of claim 16 wherein the concentration of Zn2+ in the cerebrospinal 

e 	I d e 	-  • • gg•  - -9 5 
	

• 

10pg/L. 

18. The method of claim 16 or 17 whercin the concentration of Mn2+ in the 

e 	1e e .  9 e 

10 	5nM. 

of any 	claim preceding wherein the human 	has decreased 19. The method 

- 	- 	• - 	-•ee I'• 	•••- - 	- - ee e 	e•- 

patient 

lavage and/or - blood serum 

test. 

- - - n2+--andler 

15 

2-0-T-ne-rnet-14434-af-any-pFeseeling 

Mn2+ deficient. 

- 	- e 

20 

22. The method of any preceding claim the wherein human 	has patient 

bacterial infections. 

the wherein human 	has 

multiple 

a chronic 23. The method of any preceding claim 

25 	 bacterial infection. 

patient 

24. The method of claim 23 wherein the chronic bacterial infection is pneumococcal 

infection. 
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25. The method of any preceding claim wherein the Streptococcus pncumoniac 

infection is scept 	- 

Claims 

"-e e 

261. An immunogenic composition comprising a pharmaceutically effective amount 

5 of an isolated PhtX protein for use in the treatment or prevention of a Streptococcus 

pneumoniae infection wherein the Streptococcus pneumoniae infection occurs in the 

blood, lung, a compartment of the ear or in the meninges of a human patient in an 

environment where the free concentration of Zn2+  and/or Mn2+  is sufficiently low to 

upregulate the expression of at least one PhtX protein in the Streptococcus 

10 pneumoniae. 

2-2. The immunogenic composition of claim 26 1 	the PhtX 	is wherein 	protein 

selected from the group consisting of PhtA, PhtB, PhtD and PhtE. 

15 2-83. The immunogenic composition of claim 26 1 wherein the PhtX 	is PhtD. protein 

294. The immunogenic composition of any one of claims 261-28 3 wherein the 

Streptococcus pneumoniae infection occurs in blood. 

20 305. The immunogenic composition of claim 29 4 	the free wherein 	concentration of 

Zn2+ in the blood is less than 10nM, 1 nM, 100pM or 10pM as measured from blood 

serum. 

316. The immunogenic composition of claim 29 /1 wherein the bound 	free and 

25 concentration of Zn2+ in the blood is less than 2 or 1 mg/I or less than 20pM as 

measured from blood serum. 
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327. The immunogenic composition of claim 291 wherein the free concentration of 

Mn2+ in the blood is less than 10nM, 1 nM, 100pM or 10pM as measured from blood 

serum 

5 338. The immunogenic composition of claim 29-4 wherein the bound and free 

concentration of Mn2+ in the blood is less than 2 or 1 mg/I or less than 20pM as 

measured from blood serum. 

349. The immunogenic composition of any one of claims 261-33 8 wherein the 

10 Streptococcus pneumoniae infection occurs in a lung. 

3510. The immunogenic composition of claim 34-9 wherein the concentration of 

Zn2+ in the lung is less than 300, 200, 100, 50 or 10pg/kg as measured from a 

bronchial lavage. 

15 

3611. The immunogenic composition of claim 349 	the wherein 	concentration of 

Zn2+ in the lung tissue is less than 20, 15, 10, 5, 2 or 1 pg/g or 300, 200, 150, 100, 

50, 20 or 10pM as measured from lung tissue 

20 3712. The immunogenic composition 	34-9 	the of claim 	wherein 	concentration of 

Mn2+ in the lung is less than 300, 200, 100, 50 or 10pg/kg as measured from a 

bronchial lavage. 

3813. The immunogenic composition of any 	of 	261-30 5 	the one 	claims 	wherein 

25 Streptococcus pneumoniae infection occurs in a middle ear. 
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3914. The immunogenic composition of claim 33-13 wherein the concentration of 

Zn2+ in the middle ear is less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1 , 0.5, 0.2 or 

0.1 pM. 

5 4015. The immunogenic composition of claim 38-13 or 39-14 wherein the 

concentration of Mn2+ in the middle ear is less than 300, 200, 150, 100, 50, 20, 10, 

5, 2, 1 , 0.5, 0.2 or 0.1 pM. 

41-16. The immunogenic composition of any one of claims 1 -3 wherein the 

10 Streptococcu.'pneumoniae infection occurs in the meninges. 

4217. The immunogenic composition of claim 41-16 wherein the concentration of 

Zn2+ in the cerebrospinal fluid is less than 1 .5, 1 , 0.75, 0.5, 0.25 or 0.1 pM or less 

than 100, 75, 50, 	25, or 10pg/L. 

15 

4318. The immunogenic composition of claim 41-16 or 42-17wherein the 

concentration of Mn2+ in the cerebrospinal fluid is less than 2.5, 2, 1 .5, 1 or 0.5pg/L 

or less than 50, 25, 10 or 5nM. 

20 'M. The immunogenic composition 	 26 X13 	the human of any one of claims 	wherein 

and/or blood test. 

4519. The immunogenic composition of any one of claims 261-44-18 wherein the 

25 human patient is Zn2+ and/or Mn2+ deficient having less than 90% of the usual level in 

the blood serum, cerebrospinal fluid, interstitial fluid, or bronchial lavage. 
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X16_ The immunogenic composition of any one-of-olaime-26-45-wheFein-§le human 

is stre.sed. patient 

4-720. The immunogenic composition of any one of claims 261-46  19 wherein the 

5 human patient has multiple bacterial infections. 

4821. The immunogenic composition of any one of claims 261-47-20 wherein the 

human patient has a chronic bacterial infection. 

10 4922. The immunogenic composition of claim 48-21 wherein the chronic bacterial 

infection is pneumococcal infection. 

5923. The immunogenic composition of any one of claims 261-49-22 wherein the 

Streptococcus pneumoniae infection is scepticaemia, bacteraemia, meningitis, otitis 

15 media or pneumonia. 

51-24. A use of a pharmaceutically effective amount of an isolated PhtX protein in the 

manufacture of a medicament for the treatment or prevention of a Streptococcus 

pneumoniae infection wherein the Streptococcus pneumoniae infection occurs in the 

20 blood, lung, a compartment of the ear or in the meninges of a human patient in an 

environment where the concentration of Zn2+  and/or Mn2+  is sufficiently low to 

upregulate the expression of at least one PhtX protein in the Streptococcus 

pneumoniae. 

25 5225. The use of claim 51  24 wherein the PhtX protein is selected from the group 

consisting of PhtA, PhtB, PhtD and PhtE. 

5326. The use of claim 51 24 wherein the PhtX 	is PhtD protein 
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5427. The use of any one of claims 51  24 -53  26 wherein the Streptococcus 

pneumoniae infection occurs in blood. 

5528. The use of claim 54  27 wherein the free concentration of Zn2+ in the blood is 

5 less than 10nM, 1 nM, 100pM or 10pM as measured from blood serum. 

5629. The use of claim 54-27 wherein the bound and free concentration of Zn2+ in 

the blood is less than 2 or 1mg/lor less than 20pM as measured from blood serum. 

10 5730. The use of claim 54-27 wherein the free concentration of Mn2+ in the blood is 

less than 10nM, 1 nM, 100pM or 10pM as measured from blood serum. 

5831. The use of claim 54-27 wherein the bound and free concentration of Mn2+ in 

the blood is less than 2 or 1 mg/I or less than 20, 15, 10, 8, 5 or 2pM as measured 

15 from blood serum. 

5932. The use of any one of claims 5-1-24 -58-31 wherein the Streptococcus 

pneumoniae infection occurs in a lung. 

20 use of claim 	wherein 	concentration of 6033. The 	 59 32 	the 	 Zn2+ in the lung is less 

than 300, 200, 100, 50 or 10pg/kg as measured from a bronchial lavage. 

6-1-34. The use of claim 59-32 wherein the concentration of Zn2+ in the lung tissue is 

less than 20, 15, 10, 5, 2 or 1 pg/g or 300, 200, 150, 100, 50, 20 or 10pM as 

25 measured from lung tissue. 

6235. The use of claim 59 32 wherein the concentration of Mn2+ in the lung is less 

than 300, 200, 100, 50 or 10pg/kg as measured from a bronchial lavage. 
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6336. The use of any one of claims 51  24 -58-31 wherein the Streptococcus 

pneumoniae infection occurs in a middle ear. 

6437. The use of claim 63  36 wherein the concentration of Zn2+ in the middle ear is 

less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1 , 0.5, 0.2 or 0.1pM. 

6538. The use of 	63 36 	the 	 Mn2+ in the 	 is claim 	wherein 	concentration of 	 middle ear 

less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1 , 0.5, 0.2 or 0.1pM. 

6639. The use of any one of claims 5-1-24 -58-31 wherein the Streptococcus 

pneumoniae infection occurs in the meninges. 

6-740. The use of claim 66-39 wherein the concentration of Zn2+ in the cerebrospinal 

fluid is less than 1 .5, 1 , 0.75, 0.5, 0.25 or 0.1pM or less than 100, 75, 50„ 

25, or 10pg/L. 

6841. The use of claim 66-39 or 6-7-40 wherein the concentration of Mn2+ in the 

cerebrospinal fluid is less than 2.5, 2, 1 .5, 1 or 0.5pg/L or less than 50, 25, 10 or 

5nM. 

• -- 	- 	 — z 	. 	- 	 _ . 	_ 	:: 

e 	• 	e 	, i• 	••-- 	- e 	e 	e•.• -•e 	 - 	- 	e 	- 	 e :se 

7042. The use of any one of claims 5-1-24 -69 il1 wherein the human patient is Zn2+ 

and/or Mn2+ deficient having less than 90% of the usual level in the blood serum, 

cerebrospinal fluid, interstitial fluid, or bronchial lavage. 
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7243. The use of any one of claims 51 24 7-1-42 wherein the human 	has patient 

multiple bacterial infections. 

5 

7-344. The use of any one of claims 5-1-24 72 43 	the human 	has wherein 	 patient 	a 

chronic bacterial infection. 

7445. The use of claim 7-3-44 wherein the chronic bacterial infection is 

10 pneumococcal infection. 

7516. The use of any one of claims 5-1-24  71 15 wherein the Streptococcus 

pneumoniae infection is scepticaemia, bacteraemia, meningitis, otitis media or 

pneumonia. 
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