Abstract

Characteristics of O3:K6 and O4:K68 pandemic strains

of Vibrio parahaemolyticus isolated from hospitalized

diarrhea cases in Beira, Mozambique
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Vibrio parahaemolyticus is seafood-borne pathogen, which can cause gastroenteritis in humans. They are gram-negative, halophilic bacteria inhabiting marine and estuarine environments. V. parahaemolyticus was first isolated in Japan in 1950 during an outbreak of gastroenterities caused by the consumption of seafood. Until 1996, V. parahaemolyticus infections were associated with many different serotypes. Since 1996, however, most cases have been caused by a unique clone initially belonging to the O3:K6 serotype first detected in Calcatta (1). Analysis of these strains by molecular methods revealed that a unique clone with identical genotype and arbitrary primed PCR (AP-PCR) profile, not previously isolated during the surveillance in Calcutta, accounted for 50 to 80% of the infections (1). The pandemic potential of this serotype became obvious when reports on the isolation of the O3:K6 serotype from clinical sources as well as food-borne outbreaks and sporadic cases occurred in quick succession in Taiwan, Laos, Japan, Thailand, Korea, Bangladesh, Chile, Laos, Russia, and the United States (2, 3). In 2005, more than 10,000 cases of V. parahaemolyticus infections were reported from southern and central Chile (4). 

No informations on V. parahaemolyticus infections were available in Mozambique or sub-Saharan Africa before 2004. During surveillance for cholera in Beira, Mozambique from December 2003 to January 2004, we reported a large number of V. parahaemolyticus infections in Beira (5). The spread of pandemic clone of serovar O3:K6 of V. parahaemolyticus has now been reported from four continents namely Asia, America, Africa and Europe (6). 

Molecular studies with pulsed-field gel electrophoresis (PFGE) (7, 8), arbitrarily primed polymerase chain reaction (AP-PCR) (1, 2), and multilocus sequence typing (MLST) (9) have shown that these pandemic strains O3:K6 are clonally related. The pandemic strains were significantly different from the genetically variable pre-1995 O3:K6 strains (1, 2). In addition, the newly emerged O3:K6 clone has diversified into several other serotypes including O1:KUT, O4:K68, and O1:K25 since its initial isolation. These serovariants are presumed to have evolved from the O3:K6 clone because they are genetically identical by a variety of molecular typing techniques (2,10,11).

Sporadic cases and epidemics of V. cholerae occur frequently in the African continent. During surveillance for cholera in Beira, from December 2003 to January 2004, we reported a large number of V. parahaemolyticus infection in Beira, Mozambique (5). In this study we investigated the pandemic traits and molecular diversity of these Mozambiquean V. parahaemolyticus strains to determine if these strains have a common lineage with pandemic strains that emerged in 1996 in Calcatta and other South East Asian countries.

A total of 58 V. parahaemolyticus strains collected at the cholera treatment center in Beira, during the year 2004 (n=42) and 2005 (n=16), were analyzed in this study (5). For the comparison of clonal variation and fluid accumulation in rabbit ileal loop, one each reference strains of V. parahaemolyticus of serovar O3:K6 (ATCC-239) and serovar O4:K68 (ATCC-241) that were isolated in 1996 and 1998 in Calcatta were included (3). One each of  pandemic strain of V. parahaemolyticus of serovar O3:K6 (AN 7410 isolated in 1998 from Bangladesh) and serovar O4:K68 (AN11790 isolated in 1998 from Bangladesh) were also included for comparison (3). 

Out of the 58 strains, 38 strains were identified as serovar O3:K6, 4 strains as serovar O4:K68 and 16 strains of non-pandemic serovars from diarrheal patients in Beira. The majority (72%) of the strains isolated in the study belonged to the pandemic serovars O3:K6 and O4:K68.    

PCR assays were performed to test for the presence of the species-specific toxR gene, for the presence of the two known virulence genes, tdh and trh of V. parahaemolyticus, and by GS-PCR and orf 8 PCR to determine their pandemic genotype (5, 12). All strains of O3:K6 and O4:K68 were positive for toxR, tdh and GS-PCR, orf8 PCR but were negative for trh and therefore were characterized as the pandemic genotype. All strains of pandemic serovars O3:K6 and O4:K68 isolated in two consecutive years 2004 and 2005 showed an identical AP-PCR pattern. Interestingly, both reference strains of pandemic serovar O3:K6, ATCC-239 isolated during 1996 in India and AN-7410 isolated during 1998 in Bangladesh showed same AP-PCR pattern. Similarly both reference strains of pandemic serovar O4:K68, ATCC-241 isolated during 1998 in India and AN-11790 isolated during 1998 in Bangladesh also showed same AP-PCR pattern. These result indicated that serovar O3:K6 and O4:K68 emerged from a common origin. Strains belonging to the other non-pandemic serovars O3:K58 (n=10), O4:K13 (n=5) and O8:K41 (n=1) isolated during the same period (2004-2005) showed three different AP-PCR patterns unrelated to AP-PCR pattern of pandemic strains. 

The electrophoresis migration pattern of NotI-digested fragments of the chromosomal DNA of each of the 58 strains of V. parahaemolyticus was obtained by PFGE (13). Analysis of PFGE patterns revealed that the outbreak strains from Mozambique could be divided into five types with few subtypes (14). All 38 strains of serovar O3:K6 isolated in 2004 (n=32) and 2005 (n=6) belonged to PFGE type A2 and were identical to PFGE type A2 of reference strain AN 7410 isolated in 1998 in Bangladesh. PFGE type A2 of Mozambique O3:K6 and Bangladeshi strain AN 7410 showed patterns related to PFGE type A1 of reference strain ATCC 239 differing by two bands, which was isolated in India in 1996. All strains of serovar O3:K58 (n=10) isolated during 2004-2005 produced PFGE types B1 and B2 subtypes, differing by two to three bands but quite different from the PFGE pattern of serovar O3:K6. All the strains of serovar O4:K68 belonged to PFGE type C1. Interestingly, PFGE type C1 produced by all O4:K68 strains isolated from Mozambique also showed identical PFGE pattern C1 produced by reference strains of serovar O4:K68, ATCC 241 (O4:K68) isolated in India and reference strain isolated in Bangladesh AN 11790. All strains of serovars O4:K13 (n=5), O8:K41 (n=1) belonged to two different PFGE types E and D, respectively, which are not related either to PFGE type A of serovar O3:K6 nor to PFGE type C of serovar O4:K68. In the rabbit ileal loop assay (RIL), selected pandemic O3:K6 and O4:K68 strains (live cells) including reference pandemic strains produced mucoid, hemorrhagic fluid with mild fluid accumulation but non-pandemic serovars did not produce any fluid accumulation in RIL (15).     

Our investigation demonstrates the spread of the pandemic clones of O3:K6 and O4:K68 of V. parahaemolyticus to Beira in Mozambique. The results also show that the pandemic strains isolated in Mozambique are clonal and are closely related to pandemic reference strain of O3:K6 and O4:K68, which emerged in South East Asia in 1996. Most of the non-pandemic strains (O3:K58 and O4:K13) however show identical pattern among their own serovar but significantly different from clone of pandemic serovar. Only one strain of serovar O8:K41 found in this study is different from pandemic (O3:K6 and O4:K68) and non-pandemic (O3:K58 and O4:K13) strains and not reported as pandemic strain so far. How and when the pandemic strain arrived to this remote area of Mozambique remains uncertain. We conclude that since emergence of such pandemic strain of V. parahaemolyticus may influence the future strategies of controlling diarrhea in Mozambique, continuous monitoring of the epidemic strains is crucial.
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