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Organisms, including Vibrio cholerae, can be trans-
ferred between harbors in the ballast water of ships. Zones 
in the Caribbean region where distance from shore and wa-
ter depth meet International Maritime Organization guide-
lines for ballast water exchange are extremely limited. Use 
of ballast water treatment systems could mitigate the risk for 
organism transfer.

Cholera is an acute diarrheal illness caused by toxi-
genic strains of the bacterium Vibrio cholerae serogroups 
O1 and O139. V. cholerae, like other vibrios, is found com-
monly in marine and estuarine environments, living freely 
or on surfaces, such as plants and animal shells, and in 
intestinal contents of marine animals (1). V. cholerae in-
fection is typically acquired by ingestion of contaminated 
water or food (2). 

Ballast water is collected in ships to regulate their sta-
bility; the discharge of ballast water can transfer toxigenic 
V. cholerae O1 from one harbor to another. (3). During 
1992, shellfi sh in Mobile Bay, Alabama, on the US coast of 
the Gulf of Mexico, were contaminated with an epidemic 
strain of toxigenic V. cholerae O1 from Latin America, al-
though no human illnesses were reported (4). V. cholerae 
transfer by cargo ship was documented when the same 
strain was isolated from ballast and other nonpotable water 
samples collected from 5 cargo ships from ports in Latin 
America that arrived in the US Gulf of Mexico (5).

To reduce the risk for transfer of invasive species and 
pathogens between harbors by introduction of contaminat-
ed ballast water, the International Maritime Organization 
(IMO) adopted the International Convention for the Control 

and Management of Ships’ Ballast Water and Sediments 
(BWM Convention) on February 13, 2004 (6). Regulation 
D-2 of the convention establishes numeric ballast water dis-
charge standards, to be phased in with a start date of January 
1, 2012, that limit the concentration of viable organisms and 
human pathogens (including toxigenic V. cholerae, Esch-
erichia coli, and intestinal enterococci). The limit for toxi-
genic V. cholerae is <1 CFU/100 mL  or <1 CFU/g (wet 
weight) zooplankton samples. In the interim, the BWM 
Convention requires that, whenever possible, ships conduct 
ballast water exchange >200 nautical miles from the nearest 
land and in water >200 m deep. If these requirements can-
not be met, the exchange should be performed as far from 
the nearest land as possible, but at a minimum >50 nautical 
miles from the nearest land and in water >200 m deep. When 
these requirements cannot be met, areas may be designated 
where ships can conduct ballast water exchange. Ballast wa-
ter exchange is based on the principles that 1) organisms 
from coastal areas will not survive in the open ocean and 2) 
fewer organisms (including fewer human pathogens) will be 
taken up in the open ocean, and these will be less likely to 
adapt to coastal waters.

A cholera epidemic emerged in Haiti in October 2010; 
lack of safe water and sanitation infrastructure and the dev-
astation caused by the January 2010 earthquake contributed 
to its spread (7). Concerns were raised that cholera could be 
transferred from Haiti to other countries through contami-
nation of coastal waters by ship ballast water. Ship traffi c to 
Haiti (233 vessel calls in Port-au-Prince in 2008) consists 
predominantly of cargo vessels with destinations in the 
United States, other Caribbean islands, and Latin Ameri-
ca (8). During an assessment of cholera contamination of 
fresh and marine water sources in Haiti during the epidemic 
conducted by the US Centers for Disease Control and Pre-
vention (CDC), US Food and Drug Administration, and 
the Haitian Ministry of Health and Population, water and 
seafood collected from harbors at Port-au-Prince and St. 
Marc were tested for viable V. cholerae and for the cholera 
toxin gene (ctxA) (9). Toxigenic V. cholerae O1 serotype 
Ogawa indistinguishable from the outbreak strain was iso-
lated from seafood samples from Port-au-Prince. Although 
V. cholerae was not isolated from marine water samples, 
the ctxA gene was detected in broth cultures of seawater 
samples from both harbors, suggesting that harbor waters 
were contaminated with toxigenic V. cholerae.

The Study
To further evaluate the risk for cholera transfer through 

ballast water under existing management approaches, we 
applied the IMO ballast water exchange depth and distance 
criteria to the Caribbean region. Buffers of 50 and 200 
nautical miles were generated on the basis of the Global 
Self-Consistent, Hierarchical, High-Resolution Shoreline 
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Database (version 2.1; www.ngdc.noaa.gov/mgg/shore-
lines/gshhs.html) and overlaid on bathymetric data from 
the ETOPO1 Global Relief Model (www.ngdc.noaa.gov/
mgg/global/global.html) (10,11). We acquired these datas-
ets through the National Oceanic and Atmospheric Admin-
istration’s National Geophysical Data Center (www.ngdc.
noaa.gov).

Mapping indicates that waters around Haiti where 
the IMO guidelines can be followed are extremely limited 
(Figure). To exchange ballast >200 nautical miles from 
shore in water 200 m deep, ships must travel 280 nauti-
cal miles northeast of Haiti (Figure, A) or to the Gulf of 
Mexico (Figure, B). To exchange ballast at the minimum 
50 nautical miles from shore in water >200 m deep, ships 
must travel >90 nautical miles northeast (Figure, C) or 50 
nautical miles south (Figure, D) of Haiti or conduct the ex-
change in an area <45 nautical miles wide approximately 
equidistant from Haiti, Cuba, and Jamaica (Figure, E).

After discussions with staff at CDC and the Pan 
American Health Organization, the Director General of 
the Haitian Ministry of Health and Population issued 2 
memoranda addressing ballast water management. The 

fi rst, issued November 10, 2011, asked ship captains not to 
exchange ballast water in Haitian harbors. The second, is-
sued November 15, 2011, reminded ship captains to adhere 
to IMO guidelines for ballast water exchange. However, 
ships operating in the Caribbean Sea face practical diffi -
culties in conducting ballast water exchange at the recom-
mended distances without making large deviations from 
usual routes. The BWM Convention recommends that des-
ignated ballast water exchange areas should be on or close 
to existing maritime routes and does not require that ships 
deviate course or delay voyages to comply with ballast wa-
ter exchange guidelines (6). Ballast water exchange at sea 
also presents operational and safety challenges to ships and 
might not be completely effective in preventing spread of 
aquatic organisms (12).

As an alternative management measure, ballast water 
treatment systems are being developed to meet the BWM 
Convention’s numeric discharge standards, and several 
systems are available (13). These systems combine fi ltra-
tion with nonchemical (e.g., UV light, shear, heat) and 
chemical biocides to remove or kill organisms (14). Ballast 
water treatment systems are designed to achieve the BWM 
Convention effi cacy levels, and their future use in the Ca-
ribbean region would likely be a more effective manage-
ment approach than ballast water exchange.

The Haiti cholera outbreak spread to the neighboring 
Dominican Republic, and cholera cases associated with 
travel to Haiti were recognized in the United States (7), but 
there is no evidence that V. cholerae was transferred by 
ship ballast water in these instances. The Wider Caribbean 
Region comprises 28 island and continental countries with 
coasts on the Caribbean Sea, the Gulf of Mexico, and adja-
cent waters of the Atlantic Ocean. This area is at elevated 
risk for transfer of contaminated ballast water because of 
the high volume of cargo trade in the region and has been 
prioritized by the Global Ballast Water Management Pro-
gram (http://globallast.imo.org/index.asp), a program ad-
ministered by IMO, the Global Environment Facility, and 
the United Nations Development Program to assist devel-
oping countries implement ballast water management mea-
sures (15).

Conclusions
A comprehensive regional strategic plan has been de-

veloped to promote ratifi cation of the BWM Convention 
and to facilitate its implementation within the Wider Carib-
bean Region through regional cooperation, training, com-
munication, compliance monitoring and enforcement, and 
promotion of national-level legislation, task forces, action 
plans, and sustainable resources to support activities (15). 
Implementation of this plan will help protect public health 
by reducing the likelihood that V. cholerae and other patho-
gens will be transferred by ballast water.
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Figure. Zones in the Caribbean region where distance from 
shore and water depth meet International Maritime Organization 
guidelines for ballast exchange. To exchange ballast >200 nautical 
miles from shore in water 200 m deep, ships must travel 280 
nautical miles northeast of Haiti (A) or to the Gulf of Mexico (B). To 
exchange ballast at the minimum 50 nautical miles from shore in 
water >200 m deep, ships must travel >90 nautical miles northeast 
(C) or 50 nautical miles south (D) of Haiti or conduct the exchange 
in an area <45 nautical miles wide approximately equidistant from 
Haiti, Cuba, and Jamaica (E). Light gray shading indicates distance 
from land is <50 nautical miles and/or seawater depth is <200 m. 
Medium gray shading indicates distance from land is >50 nautical 
miles but <200 nautical miles, and seawater depth is >200 m. Dark 
gray shading indicates distance from land is >200 nautical miles 
and seawater depth is >200 m.



Acknowledgments
We thank André Berro, William Jackson, and Emad Yanni 

for their contributions to this investigation. We acknowledge the 
invaluable advice and guidance of Daniel Menucci, Agnes Soares, 
Roberta Andraghetti, and the late Yves Chartier.

Dr Cohen is associate chief for science, Quarantine and Bor-
der Health Services Branch, Division of Global Migration and 
Quarantine, CDC. Her research interests include pediatric infec-
tious diseases and the prevention of spread of disease through 
global migration, travel, and trade.

References

  1.  Cabral JPS. Water microbiology. Bacterial pathogens and water. 
Int J Environ Res Public Health. 2010;7:3657–703. http://dx.doi.
org/10.3390/ijerph7103657

  2.  Seas C, Gotuzzo E. Cholera. In: Principles and practice of infectious 
diseases. 7th ed. Philadelphia: Elsevier Health Sciences; 2009. p. 
2777–85.

  3.  Ruiz GM, Rawlings TK, Dobbs FC, Drake LA, Mullady T, Huq A, et 
al. Global spread of microorganisms by ships. Nature. 2000;408:49–
50. http://dx.doi.org/10.1038/35040695

  4.  Centers for Disease Control and Prevention. Isolation of Vibrio 
cholerae O1 from oysters—Mobile Bay, 1991–1992. MMWR Morb 
Mortal Wkly Rep. 1993;42:91–3.

  5.  McCarthy SA, Khambaty FM. International dissemination of epi-
demic Vibrio cholerae by cargo ship ballast and other nonpotable 
waters. Appl Environ Microbiol. 1994;60:2597–601.

  6.  International Maritime Organization. International convention for 
the control and management of ships’ ballast water and sediments 
(BWM) [cited 2011 Dec 28]. www.imo.org/About/Conventions/
ListOfConventions/Pages/International-Convention-for-the-Con-
trol-and-Management-of-Ships’-Ballast-Water-and-Sediments-
(BWM).aspx.

  7.  Tappero JW, Tauxe RV. Lessons learned during public health re-
sponse to the cholera epidemic in Haiti and the Dominican Repub-
lic. Emerg Infect Dis. 2011;17:2087–93. http://dx.doi.org/10.3201/
eid1711.110827

  8.  US Department of Transportation Maritime Administration. 
MarView, Marine Transportation System [cited 2011 March 4]. 
http://hsa0cweb0iwp006.marview.gov/pls/apex/f?p=102:1:
3801394268415490

  9.  Hill VR, Cohen N, Kahler AM, Jones JL, Bopp CA, Marano N, 
et al. Toxigenic Vibrio cholerae O1 in water and seafood, Haiti. 
Emerg Infect Dis. 2011;17:2147–50. http://dx.doi.org/10.3201/
eid1711.110748

10.  Wessel P, Smith WHF. A global, self-consistent, hierarchical, high-
resolution shoreline database. J Geophys Res. 1996;101:8741–3. 
http://dx.doi.org/10.1029/96JB00104

11.  Amante C, Eakins BW. ETOPO1 1 Arc-Minute Global Relief Mod-
el: procedures, data sources and analysis [cited 2011 Dec 28]. http://
www.ngdc.noaa.gov/mgg/global/relief/ETOPO1/docs/ETOPO1.pdf 

12.  Committee on Assessing Numeric Limits for Living Organisms in 
Ballast Water; National Research Council. Assessing the relation-
ship between propagule pressure and invasion risk in ballast water. 
Washington (DC): National Academies Press; 2011.

13.  United States Environmental Protection Agency. Effi cacy of bal-
last water treatment systems: a report by the EPA Science Advisory 
Board. EPA-SAB-11-009. Washington (DC): The Agency; 2011.

14.  American Bureau of Shipping. Guide for ballast water treat-
ment [cited 2011 Dec 28]. http://www.eagle.org/eagleExternal-
PortalWEB/ShowProperty/BEA%20Repository/Rules&Guides/
Current/187_BWT/Guide

15.  United Nations Environmental Program. Regional strategy to mini-
mize the transfer of harmful aquatic organisms and pathogens on 
ships’ ballast water and sediments, Montego Bay, Jamaica [cited 
2011 Dec 28]. http://cep.unep.org/racrempeitc/globallast-partner-
ships-1/WG.32%20REF.5%20Rev1_BWM%20Strategic%20Ac-
tion%20Plan_ENG.pdf 

Address for correspondence: Nicole J. Cohen, Centers for Disease Control 
and Prevention, 1600 Clifton Rd NE, Mailstop E03, Atlanta, GA 30333, 
USA; email: hei1@cdc.gov

DISPATCHES

1682 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 10, October 2012

All material published in Emerging Infectious Diseases is in 
the public domain and may be used and reprinted without 
special permission; proper citation, however, is required.


