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National Shellfish Sanitation Program (NSSP) Guide for the Control of Molluscan Shellfish: 
2011 Revision

Section IV. Guidance Documents
Chapter IV. Naturally Occurring Pathogens
Verification Sampling Protocol Decision Tree

Monthly Sampling

Pass
No Action

Fail
Corrective Action Taken on the 

Product

Problem
ID

No Problem
ID

Fix 
Problem

Process
Adjustment

Re-Verify
Validate 

(No Labeling Claims 
in the Interim)

Pass 
No Action

Fail

1.  Corrective Action on Product 
2. Adjust Process / Investigate  

Validate
(No Labeling Claims 

in the Interim)
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Note: When a monthly verification fails, the verification must be reported within one week of failure

References for Vibrio parahaemolyticus Methods

1. Cook, D.W., A. DePaola, and S.A. McCarthy. 2000. Direct plating procedure for the enumeration 
of total and pathogenic Vibrio parahaemolyticus in oyster meats. FDA, Office of Seafood, Gulf 
Coast Seafood Laboratory, Dauphin Island, AL. 8 pp.

2. Gooch, J.A., A. DePaola, C.A. Kaysner, and D.L. Marshall. 2001. Evaluation of two direct plating 
methods using nonradioactive probes for enumeration of Vibrio parahaemolyticus in oysters. 
Appl. Environ. Microbiol. 67(2):721-724.

3. Kaysner, C.A. and A. DePaola, Jr. 2001. Chapter 40, Vibrio, p. 405-420. In Downes, F.P. and K. 
Ito (eds.), APHA Compendium of Methods for the Microbiological Examination of Foods, 4th

Edition, 2001, American Public Health Association, Washington. D.C.
4. McCarthy, S.A., A. DePaola, C.A. Kaysner, W.E. Hill, and D.W. Cook. 2000. Evaluation of 

nonisotopic DNA hybridization methods for detection of the tdh gene of Vibrio parahaemolyticus.
J. Food Protect. 63(12):1660-1664.

5. McCarthy, S.A., A. DePaola, D.W. Cook, C.A. Kaysner, and W.E. Hill. 1999. Evaluation of 
alkaline phosphatase- and digoxigenin-labeled probes for detection of the thermolabile hemolysin 
(tlh) gene of Vibrio parahaemolyticus. Letters in Applied Microbiology 28(1):66-70.

6. McCarthy, S.A., A. DePaola, C.A. Kaysner, W.E. Hill, and D.W. Cook. 1999. P1. Comparison of 
PCR and DNA hybridization methods for detection of the tdh gene of Vibrio parahaemolyticus, p. 
512. In American Society for Microbiology (ed), Abstracts of the 99th General Meeting of the 
American Society for Microbiology. American Society for Microbiology, Washington, D.C.
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Description: Flow chart showing the post harvest processing verification sampling protocol and decision 
making process.

Collect monthly shellfish meat samples for process verification.

If the monthly samples pass, no action is required.

If the monthly samples fail, take the following measures; (1) Identify the problem, (2) Fix the problem, (3) 
re-verify the process by sampling. If the re-verification samples pass, no further action is required. If the 
re-verification samples fail, then; (1) Corrective action must be taken on the product, (2) The process must 
be investigated, (3) Any problems identified must be adjusted, and (4) The process shall be revalidated. No 
labeling claims can be made during the interim revalidation process.

If the monthly samples fail and no problem can be identified then; (1) Adjustments shall be made 
to the process, and (2) The process shall be revalidated. No labeling claims can be made during 
the interim revalidation process.
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������ �	� 
������� ��� ���������� �������������� ���������� ���� �����
��������	

��������������
��������������

GI tract Wound Ear Primary
septicaemia

Bacteremia Lung Meninges

1 �. ������	� O1/O139 ++ (+) ? ? ? ? ?

�
�������	��non O1/ non O139 ++ + + (+) (+) ? (+)

2 �. �	�	�	��������� ++ + (+) ? (+) (+) (+)

3 �
����������� + ++ ? ++ + (+) (+)

4 �
������	��� ++ ? ? ? ? ? ?

5 �
�	������������ ? ++ + ? (+) ? ?

6 �
��	���	 ? ++ ? ? ? ? ?

7 �
���������� (+) ? ? ? ? ? ?

8 �
�������	� ++ ? ? (+) ? ? ?

9 �
������ ++ + + ? ? ? ?

10 �
������������� (+) ? ? (+) ? ? ?

11 �
��������	������� ? ? ? ? (+) ? (+)

12 �
��	���	��	� ? ++ ? ? ? ? ?

GI tract: gastro intestinal tract, Primary septicaemia: septicaemia with no apparent infectious focus,
++ :  most common site of infection, + : other sites of infection, (+) : rare sites of infection, ?:
infection site remains to be firmly established. (Table redrawn from West, 1989, and updated with
information from Oliver and Kaper, 1997)

This overview might give the false impression that all these twelve species are
equally important as human pathogens. In fact, three ������ species represent a
serious and growing public health hazard: �
�������	� (toxigenic strains belonging
to serogroups O1 or O139 causing cholera), �
��	�	�	��������� and �
�����������.
Human infections with the remaining species are less common and usually less
severe, although deaths have been reported (Oliver and Kaper, 1997).  Four ������
species�� �
� ������	� (strains belonging to serogroups other than O1 or O139), �

�����	������
�������	� and �
������ have been associated with a significant number
of infections arising from contaminated seafood elsewhere in the world. Most of
these infections presents as gastroenteritis (Table 1). They should be considered if
further risk assessments are undertaken on pathogenic vibrios in the future.

In contrast to most other foodborne pathogens, bacteria belonging to the genus
������ have the aquatic habitat as their natural niche. The growth of all ������
species is stimulated by concentrations of Na+ greater than those of unsupplemented
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laboratory media indicating the marine origin of these bacteria (Varnam and Evans,
1991). Another characteristic of these bacteria, showing their adaption to aquatic
conditions, is their close interaction with protozoa.

The prevalence and density of human pathogenic vibrios in the environment and
also in seafood products are shown to be highly dependent on the ambient
temperature with the largest numbers occurring at high sea water temperatures
(Baffone ���	�., 2000; Høi ���	�
, 1998; Oliver and Kaper, 1997; O'Neill ���	�
, 1992;
West, 1989). This may at least in part be explained by the ability of these bacteria to
respond to adverse environmental conditions by entering a viable, but non-culturable
phase (Linder and Oliver, 1989; Oliver and Kaper, 1997; Varnam and Evans, 1991).
In such a state cells are viable, but it is not possible to obtain growth on the media
routinely employed for their isolation.

�	� �� !�
��"#$�%�&"�

�	�	� '�(��������������

�
� ���������� infections seems to be rare in Europe but little data exist on
their true incidence. However, �
����������� infections are usually severe and
they will be diagnosed even without having this organism specifically in
mind because the organism will grow on most ordinary media. Thus, if these
infections were more common in Europe than they seem to be, this higher
incidence would probably be reflected by more reports in the literature.

In the USA, most cases of infections with �
������������are associated with
the consumption of raw oysters. The major form of the disease is primary
septicaemia, i.e., septicaemia with no apparent infectious focus�(Levine and
Griffin, 1993; Oliver and Kaper, 1997). Other presentations are wound
infections or gastrointestinal infection. Gastrointestinal infection is very rare,
only accounting for 3 % of the reported cases involving �
����������� in the
USA (Evans ��� 	�., 1999). There are no reports of any gastrointestinal
infections with �
����������� as the etiological agent from Europe.

The majority of publications on infections by �
������������involves sporadic
cases. Thus, this bacterium is usually not involved in typical foodborne
disease outbreaks. There are so far no reported cases of more than one person
developing infection with �
� ���������� after consumption of raw oysters
from the same batch (Oliver and Kaper, 1997). However, Bisharat ��� 	�

(1999) report on the development of bactaeremia and wound infection in
over 60 patients after contact with pond cultured fish. This is, according to
the authors, the first documented case of an outbreak of invasive �

���������� infection from a single common source.

The number of reported cases of foodborne infections involving �
�����������
in the USA reaches 50 on an annual basis (Linkous and Oliver, 1999). These
figures only involve cases serious enough to require hospitalisation.
According to Linkous and Oliver (1999), the number of unreported cases in
the USA might on an annual basis be as high as 41000, indicating that most
infections with �
����������� might be self-limiting.
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