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Introduction

Cholera is an acute secretory diarrhea, which may lead to loss of body fluids and
eventually death. The causative agent of cholera is Gram-negative bacterium Vibrio cholerae.
There are more than 200 ‘O’ serogroups of V. cholerae but only O1 and 0139 were responsible
for cholera epidemics and pandemics. Furthermore, V. cholerae Ol is classified into two
important biotypes, classical and El Tor. In the history of cholera, so far 7 cholera pandemics
were recorded. For first to sixth cholera pandemics V. cholerae O1 classical biotype was
thought to be responsible while the ongoing seventh pandemic, which was initiated from
Indonesia in 1961, was caused by O1 El Tor biotype. The seventh pandemic El Tor strains
reached African continent in 1970s. Virulence of V. cholerae associated with cholera is
depended on the production of cholera toxin and toxin co-regulated pilus proteins encoded by
the ctx and tcpA genes, respectively. The other serogroups referred to as non-01/0139 normally
lack ctx and tcpA genes but are associated with sporadic cases of diarrhea. Virulence in
non-01/0139 is varying and attributed to type three secretion system (T3SS), heat-stable
enterotoxin (also called nag-ST), cholix toxin (chxA), etc.

Recently, there has been an emergence of new V. cholerae O1 pathogenic variants which
posses traits of both classica and El Tor prototypes. These variants can be differentiated by
genetic comparative analysis of several genes such as ctxB, tcpA, rstC, rtxC, etc. The O1 El Tor
variant has been shown to be more virulent than the El Tor prototype and has been reported




from several Asian countries and a few from African. The highest number of cholera outbreaks
occurred in countries surrounded by the Bay of Bengal, which was considered the homeland of
cholera. However, since the beginning of the millennium, Africa has reported more than 90% of
the total global cholera cases and cholera related deaths, suggesting that cholera may have
settled in Africa. Kenya is one of the African countries, which experienced the increase of
cholera outbreaks. There is inadequate information on the dynamics of cholerain Kenyarelated
to continuous isolation of V. cholerae, the role of food handlers and index cases, phenotypic and
genotypic changes of isolates from consecutive cholera outbreaks as compared to studies carried
out in Asian endemic countries and more recently in Haiti. There is paucity of information on
the new pathogenic V. cholerae O1 El Tor variants in Africa including Kenya. Antimicrobials
are used to reduce transmission of V. cholerae and duration of diarrhea. However the increase of
multidrug resistant V. cholerae strains has threatened the effective use of the recommended
antimicrobials such as tetracycline. Lack of systematic research on antimicrobia resistance has
created gapsin dealing with cholera outbreaks in Africaincluding Kenya.

In this study, epidemiological survey of cholera endemic areas of Kenya was carried out
prior to the new millennium and between 2007 and 2009. Prevalence of V. cholerae was
compared with that of Salmonella spp. and Shigella spp. in patients with diarrhea, food handlers
and cholera index cases. By adopting new typing schemes V. cholerae isolates were identified
to their atypical levels. Prevalence of antimicrobia resistance in V. cholerae isolates was
determined. Molecular traits, presence of virulence factors and clonal relatedness of V. cholerae
isolates were assessed. The findings of this study illustrates that cholera in Kenya have not
reached endemicity levels like those found in Asian countries, however serotype switching,
extended multidrug resistance and replacement of V. cholerae O1 El Tor prototype by the V.
cholerae O1 El Tor variant have been observed.

Chapter 1. Epidemiology of cholerain endemic areas of Kenya

Kenya like other African countries experienced an increase in cholera outbreaks from the
year 2000 with surge in 2007 and 2009 and significant case fataity rate (CFR). In 2007, 1,206
cases were reported with CFR of 5.56%, whereas 11,475 cases were reported in 2009 with CFR
of 2.31%. The highest CFR of 11% was reported in a cholera outbreak in 2008. Previous studies
focused on characterization of V. cholerae Ol isolates obtained from various outbreaks in
Kenya or risk factors involved in transmission. A haolistic study to gauge the dynamics of
cholera has not been carried out in Kenya This study was conducted to investigate
systematically the dynamics of cholerain endemic areas of Kenya in consecutive outbreaks.

The prevalence of enteropathogens in particular V. cholerae, Salmonella spp. and
Shigella spp. was studied in patients with gastroenteritis, food handlers, choleraindex cases and
cholera patients. The study areas were coastal regions of Malindi and Kwale, and an inland lake
region, Nyanza. Follow up studies in Nyanza were discontinued because of security problems
following a disputed presidential election. Among the 862 patients with diarrhea from the
Malindi region between 1991 and 1993, V. cholerae was not isolated although Salmonella spp.
and Shigella spp. were isolated at a rate of 7.3% and 6.5%, respectively. A total of 3,006
specimens from Kwale were analyzed for enteropathogens between 2007 and 2009. The rate of
isolation of enteropathogens from the patients was Shigella spp. (11.0%), Salmonella spp.
(6.9%), V. cholerae O1 (2.8%), V. cholerae non-01/0139 (0.9%) and Aeromonas spp. (0.1%0),
while no pathogen was detected in 1,257 specimens (78.3%). Unlike Salmonella spp. and
Shigella spp., V. cholerae were isolated only during the cholera outbreak periods in 2007 and



2009. V. cholerae O1 Ogawa and non-O1/0O139 were isolated in 2007, whereas only V.
cholerae O1 Inaba was isolated in 2009. A total of 1,402 stool specimens from the food
handlers analyzed yielded Salmonella spp. (1.6%) and Shigdla spp. (0.7%). whereas 1,369
(97.7%) were negative. V. cholerae was not isolated from the food handlers. Eighty-one V.
cholerae isolates were obtained from Nyanza in 2008 cholera outbreak. Nine cholera index
cases were investigated for V. cholerae. Six were positive for V. cholerae O1, two yielded
Aeromonas spp. and Salmonella spp. was isolated from one case.

Although Salmonella spp. and Shigella spp. were isolated throughout the study period, V.
cholerae was only isolated during outbreak periods. Misdiagnosis among index cases was
common. Food handlers may not play an important role in transmission of cholera. This study
reports for the first time the serotype switch in V. cholerae from Ogawa to Inaba during two
consecutive cholera outbreaks not only in Kenya but also in the rest of Africa. It isimportant to
consider serotype switch when adopting new cholera vaccines. Cholera cases may have
increased in Africa but more studies are required to confirm whether V. cholerae is established
in this region. The dynamics of cholera outbreaks in Kenya are different from that observed in
Asian endemic countries.

Chapter 2. Prevalence of antimicrobial resistancein Vibrio choleraeisolates

Prevalence of multidrug resistant V. cholerae O1 has been increasingly recognized. The
guideline for antimicrobial use has been adopted mainly from studies carried out in endemic
Asian countries. Yet, one of the earliest reports on tetracycline resistant V. cholerae O1
emanated from Africa. With the number of cholera outbreaks increasing in Africathen thereisa
need to systematically monitor antimicrobial resistance among V. cholerae. This study was
designed to map prevalence of antimicrobial resistance among circulating strains from the
different endemic regions of Kenya and monitor development of resistance in consecutive
cholera outbreaks. A total of 130 V. cholerae isolates were anayzed for antimicrobia
susceptibity to 12 antimicrobial agents including trimethoprim sulfamethoxazole (SXT),
fosfomycin (FOF), ampicillin (AMP), imipenem (IPM), chloramphenicol (CHL), tetracycline
(TET), norfloxacin (NOR), naidixic acid (NAL), streptomycin (STR), kanamycin (KAN),
cefotaxime (CTX) and ciprofloxacin (CIP). The V. cholerae Ol isolated in Nyanza, 2008 and in
Kwale, 2007 were more susceptible to the tested antimicrobials. With the exception of a few
Nyanza isolates al these were susceptible to FOF, AMP, IPM, CHL, TET, NOR, KAN, CTX
and CIP. Most of the Nyanza isolates (88%) were resistant to CHL.

Interestingly, V. cholerae Ol isolated in Kwale, 2009 exhibited the highest level of
multidrug resistance. The strain was resistant to 9 out of the 12 antimicrobials tested, with the
exception of TET, NOR and CIP. This level of antimicrobial resistance in V. cholerae has not
been reported previoudy from Kenya. Similarly the study presents first cholera outbreak in
Kenya caused by a toxigenic V. cholerae Ol showing resistance to third generation
cephalosporin. V. cholerae non-0O1/0139 isolated in Nyanza, 2008 was susceptible to all
antimicrobials except AMP. On the other hand V. cholerae non-O1/O139 isolated in Kwale,
2007 were susceptible to all the antimicrobials tested except for SXT and NAL. Multidrug
resistance pattern to the antimicrobials varied within the different endemic regions aswell asin
the year of isolation of V. cholerae. It isimportant to carry out antimicrobia susceptibility test in
the course of each cholera outbreak and within each regionin Kenya. The use of cephalosporinsis
not recommended as an alternative to tetracycline. A larger national systematic study is required
to develop local policy on antimicrobia use for cholera management.



Chapter 3. Molecular characterization of Vibrio cholerae strains associated with
cholera outbreak

New pathogenic variant of V. cholerae O1 have spread in not only Asia but also Africa.
However, only few African countries have reported emergency of the new variants. In Kenya
the prevalence of Ol El Tor variant has not been determined. This study proposed that one of
the contributing factors to the severity of cholera outbreaks in Kenya was due to the more
toxigenic V. cholerae O1 El Tor variant. As such molecular characterization of V. cholerae O1
isolated from outbreaks was carried out by employing several specific PCR, multiplex PCR and
mismatch amplification (MAMA) PCR targeting rfb, ctxB, ratR, rstC, tcpA and toxR genesfor V.
cholerae O1 and colony hybridization targeting heat stable toxin (nag-ST), T3SS related (vesCs,
vesN, and vopF) and chxA genes for V. cholerae non-01/0139. All the V. cholerae O1
possessed the El Tor rstR and tcpA genes, rstC gene and all harbored the classica type ctxB
alele. This study suggests that the O1 El tor variant has replaced the O1 El tor prototype in
Kenya. The V. cholerae Ol isolates were negative for nag-ST, T3SS related and chxA genes
except the only V. cholerae non-01/0139 from Nyanza/2007 isolate which was positive for
chxA gene. Analysis of Notl restriction enzyme digested PFGE profile of V. cholerae O1 strains
isolated from Nyanza province revealed that they were most likely of clonal origin. The PFGE
patterns of Kwale V. cholerae Ol isolates showed subtle differences with an insertion of a
single band (~90kb). Interestingly, the V. choleraeOl1 from Kwale/2009 seems to be more
closely related to the V. cholerae Ol strainsisolated from Nyanza/2007.

Conclusions

V. cholerae Ol El tor variant has replaced the V. cholerae O1 El tor prototype in
Kenya and may be associated with severity of the disease. We are reporting for the first
time in Kenya, serotype switch and replacement of less resistant strains by multidrug
resistant strains in the same area of Kenya during consecutive outbreaks. Unlike
endemic areas in South Asia V. cholerae is isolated only during outbreak periods and
food handler may not play a key role in transmission of V. cholerae. Cholera outbreaks
in different endemic areas in Kenya can be caused by V. cholerae O1, which share close
clona relatedness. Cholera outbreak has increased in Africa but it has not reached to
endemicity levelsfound in Asia.
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