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Introduction
The human experience with Vibrio cholerae continues to evolve 

[1] along with our understanding of the dynamics of transmission
[2].  Symptomatic infections cause severe, acute watery diarrhea and
vomiting, which can rapidly lead to dehydration and death if not
aggressively treated.  Cholera outbreaks can spread explosively through 
populations at risk [1] and quickly overwhelm health systems, which
may lead to the use of scarce resources for crisis management instead
of prevention [3].  Despite long-standing knowledge about how to
control and locally eliminate cholera transmission [4], and despite
evidence of effective maintenance of water and food safety, sanitation,
and healthcare delivery systems that largely protect populations in
developed countries from cholera [1,5], morbidity and mortality from
this disease remain a global tragedy.

Seeing the global burden
Globally, over 200,000 reported cholera cases occur each year 

with increased incidence reported over the past 5 years [6].  Figure 1 
shows the number of years for the period including 2000 through 2012 
that individual countries reported cases of cholera.  Hashed gray lines 
indicate countries that reported any imported cases during that time 
period, and small and large blue dots show the countries that reported 
more than 5,000 and 50,000 cases, respectively, in at least one year.  In 
contrast to an annual or regional snapshot, mapping the cumulative 
global data reveals a clear global problem.  Yet Figure 1 only tells part 
of the story, because surveillance quality remains an issue.  Many 
countries inconsistently report cases, only report laboratory confirmed 
cases, and/or report cases to the WHO as “acute watery diarrhea, not 
otherwise specified” (not counted in Figure 1).  Consequently, the true 
global annual burden of cholera may exceed 2.8 million cases (range 
1.4 to 4.3 million) [7].  Cholera cases can impact any country, even if in 
developed countries cholera primarily occurs from isolated imported 
cases or limited local consumption of contaminated seafood that 
require investigation, treatment, and/or follow up.  We suggest the need 
to manage cholera as a preventable global threat worthy of coordinated 
attention that requires active global surveillance and to address the 
potential role of oral cholera vaccines (OCVs) nationally, regionally, 
and globally in fighting cholera.

Role of OCVs
In 2012, a technical working group at the World Health Organization 

(WHO) took an important step in the direction of coordinated global 
cholera management by recommending the creation of a global OCV 
stockpile for use in emergencies [8,9].  Once available in late 2013, the 
OCV stockpile will represent a valuable resource for reactive vaccination 
to respond to cholera outbreaks, and it will provide an opportunity to 
gather necessary evidence to evaluate the role of OCVs.  Demand for 
an OCV emergency stockpile steadily increased over the past decade, 
consistent with a shift away from a 1999 consensus that discouraged 
consideration of reactive OCV use based on characteristics of available 
OCVs then and other considerations [10].  More recent perspectives 
encourage countries to consider newer vaccines [11] as one of their 
many options in combating cholera [12-15].  The devastating cholera 
outbreak in Haiti in 2010-2011, for which health authorities relied 
on treatment and non-vaccine interventions, in part due to the lack 
of access to sufficient quantities of the vaccine [16,17], effectively 
tipped the scale toward creating an OCV stockpile.  Considering the 
“perfect” as functional health systems, basic infrastructure for water 
and sanitation, and sufficient quantities of an ideal (i.e., highly-effective, 
inexpensive, easy-to-deliver) vaccine, consensus now exists that waiting 
for the “perfect” should not be the enemy of the “good” that may come 
from potentially using currently available OCVs to help reduce disease 
burdens during outbreaks.

Although we cannot know the impact that OCVs would have had 
in Haiti, several modeling studies suggested their use may have reduced 
cases and deaths [18-23].  Overall, the models suggest that when and 
how we use OCVs in an outbreak situation matters.  OCVs promise the 
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Abstract

The significant annual burden of disease from cholera remains a preventable global tragedy.  An oral cholera 
vaccine (OCV) emergency stockpile represents a good beginning for improved global cholera management, and 
modeling studies suggest that realizing the greatest impacts of using OCVs for outbreak response depends on national 
preparedness.  Using the stockpile will create opportunities to gain valuable evidence and experience about the potential 
role and relative cost-effectiveness of OCVs.  It is time to see cholera as a serious and preventable global threat worthy 
of coordinated attention and management, active global surveillance, and increased human and financial resource 
investments.  Stakeholders at all levels should seek to assess cholera risks and risk management opportunities and 
begin to collect improved evidence about the benefits, risks, and costs of new OCVs.
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largest benefits if used early with high coverage in high-risk areas.  Too 
little or too late implies little benefit, particularly because the protection 
provided by currently available OCVs requires some time to develop 
(for instance, two doses given one to two weeks apart) and immunity 
wanes relatively quickly [19] (i.e., within several years [24]).  Notably, the 
models found that once “cases appear in a region and local transmission 
is occurring, it may be too late to vaccinate for that season” [20] and “a 
limited vaccine supply provided late in the epidemic was projected to 
have a modest effect” [21].  While it might seem reasonable to vaccinate 
late to catch some of the population missed by the disease, the benefits 
attributable to the vaccine approach zero if individuals derive their 
immunity from becoming infected with cholera first (see discussion of 
this concept related to measles [25]).  Thus, late reactive vaccination 
shifts the cost-effectiveness ratio considerably, which reinforces the 
concept that when it comes to outbreak response, faster is better [25,26].  
Given limited and mixed experience with actual deployment of OCVs 
during outbreak response and in complex situations [13,14,27-34], the 
actual benefits of OCV uses from the stockpile remain uncertain and 
they require evaluation and documentation.  In the short term, countries 
need to prepare to use OCVs and develop the capacity to evaluate the 
impact of reactive vaccination to control cholera epidemics.

Modeling insights
In light of existing uncertainties, modeling studies may offer 

important insights about what it will take to get value for money from 
the new OCV stockpile.  At least five major uncertainties impact the 
effectiveness of OCV deployed from the stockpile.  First, while growing 
evidence suggests that OCV use can provide some indirect protection 
to unvaccinated individuals [27,36,37], uncertainty remains about 
the ability of OCVs to disrupt transmission once an outbreak starts.  
Second, the potential population impacts of OCV use will depend on 
the extent to existing population immunity, with cholera control in 
immunologically naïve populations requiring higher and more rapid 

OCV coverage to achieve control than in endemic areas [36].  Third, 
since OCV use in high-risk, immunologically naïve populations 
before an outbreak naturally offers the largest benefit, maximizing 
the economic benefits given the reality of limited available resources 
requires predicting where outbreak will occur and identifying high risk 
individuals a priori [20].  Fourth, although the models assume effective 
delivery of vaccine in a functional health system with access to all areas, 
these conditions may not exist following a natural disaster, in areas of 
conflict, or other complex emergency situations [21,38].  Fifth, cost-
effectiveness of OCVs will represent an important consideration, because 
policy makers face real resource constraints and other options exist for 
cholera prevention, treatment, and control [39-42].   Recognition of all 
of the above factors points to the need for strategic preparedness.  Thus, 
the best use of OCV from the stockpile will depend on national efforts 
to enhance surveillance, assess current population immunity and risks, 
identify high risk areas, create logistical plans, and prepare to rapidly 
and cost-effectively roll out plans to use OCV from the stockpile if 
needed and appropriate.  While creating, using, and evaluating an OCV 
emergency stockpile represents a good beginning for improved global 
cholera management, much work remains to ensure optimal use.  In 
addition, we must also ensure that “good” reactive uses of OCV from 
the emergency stockpile do not become the “enemy” of prevention and 
additional improvements toward the “perfect.”  

Prevention and Control
In 2011, World Health Assembly (WHA) Resolution 64.15 urged 

all member states to “work towards mobilizing sufficient technical 
and financial resources for coordinated and multisectoral measures 
for preparation, prevention, and control of cholera, as well as 
other diarrhoeal diseases” and “to undertake planning for and give 
consideration to the administration of vaccines, where appropriate” 
[43].  Within the global context of the large burden of cholera described 
in Figure 1, any OCV stockpile created to respond to emergencies 
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Figure 1:  Number of years with reported cholera cases, 2000-2011.
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(presumably in one or more of the blue dots per year in Figure 1, 
depending on the size of the stockpile), will certainly help.  However, 
we cannot expect an emergency stockpile alone to lead to significant 
changes in future versions of Figure 1 since it will not improve cholera 
control in endemic countries, where OCVs may also play a role [36].  
The Global Vaccine Action Plan seeks to extend the full benefits of 
immunization to all people by 2020 and to make a world “in which all 
individuals and communities enjoy lives free from vaccine-preventable 
diseases” [44].  We must recognize cholera as a preventable global 
threat that preferentially attacks vulnerable populations and crosses 
international boundaries, and begin to develop national and regional 
strategic plans that focus on prevention and preparedness.  Such plans 
should ensure the most cost-effective use of limited resources and well-
informed responses to individual outbreaks when prevention fails.  

The relative cost-effectiveness of OCVs compared to other options 
for cholera prevention remains uncertain.  We hope that creation of the 
OCV stockpile for emergency response will represent a strong beginning 
for a global focus on overall management of cholera risks using all of 
the tools available for both prevention and control.  Stakeholders at all 
levels should see the milestone of creation of an OCV stockpile as a 
time to assess the risks and risk management opportunities that exist 
and to begin to collect improved evidence about the benefits, risks, and 
costs of new OCVs.
Acknowledgment

KMT and RJDT acknowledge funding from the World Health Organization for 
this work under contract APW2010/56718-0.  The authors alone are responsible for 
the views expressed in this publication and they do not necessarily represent the 
decisions, policy, or views of the World Health Organization. 

References

1. Colwell RR (1996) Global climate change and infectious disease: The cholera 
paradigm. Science 274: 2025-2031.  

2. Nelson EJ, Harris JB, Morris JG, Calderwood SB, Camilli A (2009) Cholera 
transmission: the host, pathogen and bacteriophage dynamic. Nat Rev 
Microbiol 9: 673-702.

3. Bhattacharya S, Black R, Bourgeois L, Clemens J, Cravioto A, et al. (2009) The 
cholera crisis in Africa. Science 324: 885.

4. Klein E (1894) Cholera. Nature 49: 492-495.

5. Hirschhorn N, Greenough WB (1971) Cholera. Scientific American 225:15-21.

6. World Health Organization (2012) Cholera, 2011. Wkly Epidemiol Rec 87: 289-
304.

7. Ali M, Lopez AL, You YA, Kim YE, Sah B, et al. (2012) The global burden of 
cholera. Bull World Health Organ 90: 209-218.

8. Enserink M (2012) Policy shifts on emergency use of cholera vaccines. Science 
337: 785-786.

9. World Health Organization (2012) Technical working group on creation of an 
oral cholera vaccine stockpile. Report number WHO/HSE/PED/2012.2.

10. World Health Organization (1999) Potential use of oral cholera vaccines in 
emergency situations. Report number WHO/CDS/CSR/EDC/99.4.

11. Clemens J, Shin S, Sur D, Nair GB, Holmgren J (2011) New-generation 
vaccines against cholera. Nat Rev Gastroenterol Hepatol 8: 701-710.  

12. World Health Organization, Global Task Force on Cholera Control (2002) 
Cholera vaccines: A new public health tool? Report number WHO/CDS/CPE/
ZFK/2004.5.

13. World Health Organization (2005) Use of the two-dose oral cholera vaccine 
in the context of a major natural disaster. Report number WHO/CDS/NTD/
IDM/2006.1.

14. World Health Organization, Global Task Force on Cholera Control (2005) Oral 
cholera vaccine use in complex emergencies: What next? Report number 
WHO/CDS/NTD/IDM/2006.2.

15. World Health Organization (2011) WHO Consultation on oral cholera vaccine 
(OCV) stockpile strategic framework: potential objectives and possible policy 
options. Report number WHO/IVB/12.05 

16. Waldor MK, Hotez PJ, Clemens JD (2010) A national cholera vaccine stockpile-
-a new humanitarian and diplomatic resource. N Engl J Med 363: 2279-2282.

17. Clemens JD (2011) Vaccines in the time of cholera. Proc Natl Acad Sci U S A 
108: 8529-8530.

18. Date KA, Vicari A, Hyde TB, Mintz E, Danovaro-Holliday MC, et al. (2011) 
Considerations for oral cholera vaccine use during outbreak after earthquake in 
Haiti, 2010-2011. Emerg Infect Dis 17: 2105-2112.

19. Reyburn R, Deen JL, Grais RF, Bhattacharya SK, Sur D, et al. (2011) The case 
for reactive mass oral cholera vaccinations. Emerg Infect Dis 5: e952.

20. Chao DL, Halloran ME, Longini IM Jr (2011) Vaccination strategies for epidemic 
cholera in Haiti with implications for the developing world. Proceedings Proc 
Natl Acad Sci U S A 108: 7081-7085.

21. Tuite AR, Tien J, Eisenberg M, Earn DJ, Ma J, et al. (2011) Cholera epidemic 
in Haiti, 2010: Using a transmission model to explain spatial spread of disease 
and identify optimal control interventions. Ann Intern Med 154: 593-601.

22. Andrews JR, Basu S (2011) Transmission dynamics and control of cholera in 
Haiti: An epidemic model. Lancet 377: 1248-1255.

23. Bertuzzo E, Mari L, Righetto L, Gatto M, Casagrandi R, et al. (2011) Prediction 
of the spatial evolution and effects of control measures for the unfolding Haiti 
cholera outbreak. Geophys Res Let 38: L06403.

24. World Health Organization (2010) Cholera vaccines: WHO position paper. Wkly 
Epidemiol Rec 85: 117-128.

25. Grais RF, Conlan AJK, Ferrari MJ, Djibo A, Le Menach A, et al. (2008) Time is 
of the essence: Exploring a measles outbreak response vaccination in Niamey, 
Niger. J R Soc Interface 5: 67-74.

26. Thompson KM, Duintjer Tebbens RJ, Pallansch MA (2006) Evaluation of 
response scenarios to potential polio outbreaks using mathematical models. 
Risk Anal 26: 1541-1556.

27. Ali M, Emch M, von Seidlein L, Yunus M, Sack DA, et al. (2005) Herd immunity 
conferred by killed oral cholera vaccines in Bangladesh: A reanalysis. Lancet 
366: 44-49.

28. Calain P, Chaine JP, Johnson E, Hawley ML, O’Leary MJ, et al. (2004) Can 
oral cholera vaccination play a role in controlling a cholera outbreak? Vaccine 
22: 2444-2451. 

29. Chaignat CL, Monti V (2007) Use of oral cholera vaccine in complex 
emergencies: what next? Summary report of an expert meeting and 
recommendations of WHO. J Health Popul Nutr 25: 244-261.

30. Chaignat CL, Monti V, Soepardi J, Petersen G, Sorensen E, et al. (2008) 
Cholera in disasters: do vaccines prompt new hopes? Expert Rev Vaccines 
7: 431-435.

31. Clemens JD, Sack DA, Harris JR, Van Loon F, Chakraborty J, et al. (1990) Field 
trial of oral cholera vaccines in Bangladesh: results from three-year follow-up. 
Lancet 335: 270-273.

32. Lucas ME, Deen JL, von Seidlein L, Wang XY, Ampuero J, et al. (2005) 
Effectiveness of mass oral cholera vaccination in Beira, Mozambique. N Engl 
J Med 352: 757-767. 

33. Mahalanabis D, Lopez AL, Sur D, Deen J, Manna B, et al. (2008) A randomized, 
placebo-controlled trial of the bivalent killed, whole-cell, oral cholera vaccine in 
adults and children in a cholera endemic area in Kolkata, India. PLoS One 3: 
e2323.

34. Naficy A, Rao MR, Paquet C, Antona D, Sorkin A, et al. (1998) Treatment and 
vaccination strategies to control cholera in sub-Saharan refugee settings: A 
cost-effectiveness analysis. JAMA 279: 521-525.

35. Sur D, Lopez AL, Kanungo S, Paisley A, Manna B, et al. (2009) Efficacy and 
safety of a modified killed-whole-cell oral cholera vaccine in India: An interim 
analysis of a cluster-randomised, double-blind, placebo-controlled trial. Lancet 
374: 1694-1702. 

36. Longini IM Jr, Nizam A, Ali M, Yunus M, Shenvi N, et al. (2007) Controlling 
endemic cholera with oral vaccines. PLoS Med 4: e336. 

37. Khatib AM, Ali M, von Seidlein L, Kim DR, Hashim R, et al. (2012) Effectiveness 

http://www.ncbi.nlm.nih.gov/pubmed/8953025
http://www.ncbi.nlm.nih.gov/pubmed/8953025
http://www.ncbi.nlm.nih.gov/pubmed/19756008
http://www.ncbi.nlm.nih.gov/pubmed/19756008
http://www.ncbi.nlm.nih.gov/pubmed/19756008
http://www.ncbi.nlm.nih.gov/pubmed/19443768
http://www.ncbi.nlm.nih.gov/pubmed/19443768
1.%09http:/www.nature.com/nature/journal/v49/n1273/abs/049492a0.html
http://www.ncbi.nlm.nih.gov/pubmed/22905370
http://www.ncbi.nlm.nih.gov/pubmed/22905370
http://www.ncbi.nlm.nih.gov/pubmed/22461716
http://www.ncbi.nlm.nih.gov/pubmed/22461716
http://www.ncbi.nlm.nih.gov/pubmed/22903987
http://www.ncbi.nlm.nih.gov/pubmed/22903987
http://www.who.int/cholera/publications/oral_cholera_vaccine/en/index.html
http://www.who.int/cholera/publications/oral_cholera_vaccine/en/index.html
http://whqlibdoc.who.int/hq/1999/WHO_CDS_CSR_EDC_99.4.pdf
http://whqlibdoc.who.int/hq/1999/WHO_CDS_CSR_EDC_99.4.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22064524
http://www.ncbi.nlm.nih.gov/pubmed/22064524
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_ZFK_2004.5.pdf
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_ZFK_2004.5.pdf
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_ZFK_2004.5.pdf
http://www.who.int/topics/cholera/publications/final_tsunami.pdf
http://www.who.int/topics/cholera/publications/final_tsunami.pdf
http://www.who.int/topics/cholera/publications/final_tsunami.pdf
http://www.who.int/cholera/publications/cholera_vaccines_emergencies_2005.pdf
http://www.who.int/cholera/publications/cholera_vaccines_emergencies_2005.pdf
http://www.who.int/cholera/publications/cholera_vaccines_emergencies_2005.pdf
http://whqlibdoc.who.int/hq/2012/WHO_IVB_12.05_eng.pdf
http://whqlibdoc.who.int/hq/2012/WHO_IVB_12.05_eng.pdf
http://whqlibdoc.who.int/hq/2012/WHO_IVB_12.05_eng.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21105832
http://www.ncbi.nlm.nih.gov/pubmed/21105832
http://www.ncbi.nlm.nih.gov/pubmed/21562216
http://www.ncbi.nlm.nih.gov/pubmed/21562216
http://www.ncbi.nlm.nih.gov/pubmed/22099114
http://www.ncbi.nlm.nih.gov/pubmed/22099114
http://www.ncbi.nlm.nih.gov/pubmed/22099114
http://www.ncbi.nlm.nih.gov/pubmed/22099114
http://www.ncbi.nlm.nih.gov/pubmed/22099114
http://www.ncbi.nlm.nih.gov/pubmed/21482756
http://www.ncbi.nlm.nih.gov/pubmed/21482756
http://www.ncbi.nlm.nih.gov/pubmed/21482756
http://www.ncbi.nlm.nih.gov/pubmed/21383314
http://www.ncbi.nlm.nih.gov/pubmed/21383314
http://www.ncbi.nlm.nih.gov/pubmed/21383314
http://www.ncbi.nlm.nih.gov/pubmed/21414658
http://www.ncbi.nlm.nih.gov/pubmed/21414658
http://onlinelibrary.wiley.com/doi/10.1029/2011GL046823/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2011GL046823/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2011GL046823/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20349546
http://www.ncbi.nlm.nih.gov/pubmed/20349546
http://www.ncbi.nlm.nih.gov/pubmed/17504737
http://www.ncbi.nlm.nih.gov/pubmed/17504737
http://www.ncbi.nlm.nih.gov/pubmed/17504737
http://www.ncbi.nlm.nih.gov/pubmed/17184396
http://www.ncbi.nlm.nih.gov/pubmed/17184396
http://www.ncbi.nlm.nih.gov/pubmed/17184396
http://www.ncbi.nlm.nih.gov/pubmed/15993232
http://www.ncbi.nlm.nih.gov/pubmed/15993232
http://www.ncbi.nlm.nih.gov/pubmed/15993232
http://www.ncbi.nlm.nih.gov/pubmed/15193408
http://www.ncbi.nlm.nih.gov/pubmed/15193408
http://www.ncbi.nlm.nih.gov/pubmed/15193408
http://www.ncbi.nlm.nih.gov/pubmed/17985828
http://www.ncbi.nlm.nih.gov/pubmed/17985828
http://www.ncbi.nlm.nih.gov/pubmed/17985828
http://www.ncbi.nlm.nih.gov/pubmed/18444890
http://www.ncbi.nlm.nih.gov/pubmed/18444890
http://www.ncbi.nlm.nih.gov/pubmed/18444890
http://www.ncbi.nlm.nih.gov/pubmed/1967730
http://www.ncbi.nlm.nih.gov/pubmed/1967730
http://www.ncbi.nlm.nih.gov/pubmed/1967730
http://www.ncbi.nlm.nih.gov/pubmed/15728808
http://www.ncbi.nlm.nih.gov/pubmed/15728808
http://www.ncbi.nlm.nih.gov/pubmed/15728808
http://www.ncbi.nlm.nih.gov/pubmed/18523643
http://www.ncbi.nlm.nih.gov/pubmed/18523643
http://www.ncbi.nlm.nih.gov/pubmed/18523643
http://www.ncbi.nlm.nih.gov/pubmed/18523643
http://www.ncbi.nlm.nih.gov/pubmed/9480362
http://www.ncbi.nlm.nih.gov/pubmed/9480362
http://www.ncbi.nlm.nih.gov/pubmed/9480362
http://www.ncbi.nlm.nih.gov/pubmed/19819004
http://www.ncbi.nlm.nih.gov/pubmed/19819004
http://www.ncbi.nlm.nih.gov/pubmed/19819004
http://www.ncbi.nlm.nih.gov/pubmed/19819004
http://www.ncbi.nlm.nih.gov/pubmed/18044983
http://www.ncbi.nlm.nih.gov/pubmed/18044983
http://www.ncbi.nlm.nih.gov/pubmed/22954655


Citation: Thompson KM, Tebbens RJD, Chaignat CL, Hill A, Badizadegan K, et al. (2013) Managing Cholera as a Preventable Global Threat. J 
Vaccines Vaccin 4: 183. doi: 10.4172/2157-7560.1000183

Page 4 of 4

Volume 4 • Issue 3 • 1000183
J Vaccines Vaccin
ISSN:2157-7560 JVV an open access journal

of an oral cholera vaccine in Zanzibar, East Africa: Findings from a large mass 
vaccination campaign followed by an observational cohort study. Lancet Infect 
Dis 12: 837-844.

38. Mukandavire Z, Liao S, Wang J, Gaff H, Smith DL, et al. (2011) Estimating the
reproductive numbers for the 2008–2009 cholera outbreaks in Zimbabwe. Proc 
Natl Acad Sci U S A 108: 8767-8772.

39. Hutton G, Haller L, Bartram J (2007) Global cost-benefit analysis of water 
supply and sanitation interventions. J Water Health 5: 481-502.

40. Jeuland M, Whittington D (2009) Cost-benefit comparisons of investments in 
improved water supply and cholera vaccination programs. Vaccine 27: 3109-
3120.

41. Miller Neilan RL, Schaefer E, Gaff H, Fister RK, Lenhart S (2010) Modeling
optimal intervention strategies for cholera. Bull Math Biol 72: 2004-2018.

42. Schaetti C, Weiss MG, Ali SM, Chaignat C-L, Khatib AM, et al. (2012) Costs
of illness due to cholera, costs of immunization and cost-effectiveness of an
oral cholera mass vaccination campaign in Zanzibar. PLoS Negl Trop Dis 26:
e1844. 

43. World Health Assembly (2011) Cholera: Mechanism for control and prevention
(resolution 64.15). 

44. Global Vaccine Action Plan 2011-2020.

http://www.ncbi.nlm.nih.gov/pubmed/22954655
http://www.ncbi.nlm.nih.gov/pubmed/22954655
http://www.ncbi.nlm.nih.gov/pubmed/22954655
http://www.ncbi.nlm.nih.gov/pubmed/21518855
http://www.ncbi.nlm.nih.gov/pubmed/21518855
http://www.ncbi.nlm.nih.gov/pubmed/21518855
http://www.ncbi.nlm.nih.gov/pubmed/17878562
http://www.ncbi.nlm.nih.gov/pubmed/17878562
http://www.ncbi.nlm.nih.gov/pubmed/19428925
http://www.ncbi.nlm.nih.gov/pubmed/19428925
http://www.ncbi.nlm.nih.gov/pubmed/19428925
http://www.ncbi.nlm.nih.gov/pubmed/20204710
http://www.ncbi.nlm.nih.gov/pubmed/20204710
http://www.ncbi.nlm.nih.gov/pubmed/23056660
http://www.ncbi.nlm.nih.gov/pubmed/23056660
http://www.ncbi.nlm.nih.gov/pubmed/23056660
http://www.ncbi.nlm.nih.gov/pubmed/23056660
http://apps.who.int/gb/ebwha/pdf_files/WHA64-REC1/A64_REC1-en.pdf#page=21
http://apps.who.int/gb/ebwha/pdf_files/WHA64-REC1/A64_REC1-en.pdf#page=21
http://issuu.com/decadeofvaccines/docs/globalvaccineactionplan?mode=a_p

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Seeing the global burden 

	Role of OCVs 
	Modeling insights 

	Prevention and control 
	Acknowledgment
	Figure 1
	References

