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Isolation of Vibrio cholerae and other enteric microbiota from patients
with suspected cholera during the 2009 outbreak in Madang Province,
Papua New Guinea
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SUMMARY
:KHQ FKROHUD ZDV ¿UVW GHWHFWHG LQ 3DSXD 1HZ *XLQHD 31*  LQ PLG QDWLRQDO
diagnostic capacity faced many challenges. This was in part due to the non-endemic
status of the outbreak, resulting in few local staff experienced in Vibrio cholerae detection
and poor access to the required consumables. The PNG Institute of Medical Research
conducted culture on specimens from suspected cholera patients in Madang Province, with
presumptive V. choleraeLVRODWHVVHQWWR*RURNDIRUFRQ¿UPDWLRQ2IVDPSOHVDQDO\VHG
15 were culture positive, with V. cholerae detected by polymerase chain reaction (PCR) in
an additional 3 samples. Further analyses were conducted to identify other pathogenic
bacteria from thiosulphate citrate bile salt sucrose (TCBS) agar. Molecular-based assays
detected enteropathogenic (n = 1) and enterotoxigenic (n = 1) strains of Escherichia coli.
No other major enteric pathogens were detected. The low detection rate of V. cholerae
DW WKH SURYLQFLDO OHYHO UHÀHFWV FKDOOHQJHV LQ WKH ODERUDWRU\ GLDJQRVLV RI FKROHUD DQG LQ
country challenges in responding to an outbreak of a non-endemic disease, such as lack
of in-country diagnostic expertise and available consumables in the early stages. It also
suggests that full aetiological investigations are warranted in future outbreaks of acute
watery diarrhoea in PNG to fully elucidate the potentially complex aetiology, which could
in turn guide diagnostic, treatment and prevention measures.
Introduction

Madang was the second province to be
affected by the outbreak. Modilon General
Hospital (MGH) recorded more than 550 cases
and one death (index case). However, for the
whole province 1819 cases and 40 deaths
were reported late in the outbreak (2). Many
patients with suspected cholera presented to
the MGH in Madang, the provincial capital. In
response to the outbreak, a cholera treatment
centre was established on the grounds of
MGH to treat patients with suspected cholera.
Patients were treated based on clinical
signs and symptoms, largely in the absence
of supportive laboratory evidence. This is
consistent with Good Clinical Practice and

The cholera outbreak in Papua New
Guinea (PNG) commenced in mid-2009 in
Morobe Province (1). From there the disease
spread to most of Morobe, Madang and East
Sepik Provinces and the Southern Region,
which included National Capital District and
Central, Gulf and Western Provinces. During
the late stages of the outbreak, approximately
2 years after the index case, an estimated
15,500 cases and almost 500 deaths had
been recorded, with ongoing transmission in
the Autonomous Region of Bougainville at the
time of the report (2).
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consistent with recommendations of leading
global health authorities (3,4); indeed, the World
+HDOWK2UJDQL]DWLRQVSHFL¿FDOO\VWDWHV³'RQ¶W
wait for laboratory results to start treatment”
(5). Timely commencement of treatment is
imperative as cholera can be rapidly fatal.
However, this does not negate the need for
DFFXUDWH GLDJQRVLV DQG PRUH VSHFL¿FDOO\
the absence of culture as a diagnostic tool
results in a dearth of epidemiological data
and antimicrobial resistance trends (6). The
Port Moresby General Hospital pathology
laboratory was established as the National
Cholera Reference Laboratory shortly after
the cholera outbreak commenced in Morobe
Province. To assist with cholera diagnosis,
staff from the Papua New Guinea Institute
of Medical Research (PNGIMR) conducted
bacterial culture and also assisted with
conducting and interpreting rapid diagnostic
WHVWV+HUHZHUHSRUWRQWKH¿QGLQJVRIWKH
bacterial culture during the Madang outbreak,
including a limited investigation to seek other
potential causes of acute watery diarrhoea
(AWD) during the cholera outbreak.

different colony type was subcultured on
to BA again for purity and incubated as
above. A Gram stain was conducted on all
morphotypes. All Gram-negative isolates
were streaked on to TCBS agar and incubated
at 37°C overnight.
Sucrose-fermenting
colonies were further characterized using
oxidase, catalase, Gram stain and sensitivity
WR 2 YLEULRVWDWLF GLVFV  ȝJ DQG 
ȝJ   . Presumptive V. cholerae isolates
ZHUHFRQ¿UPHGE\SRO\PHUDVHFKDLQUHDFWLRQ
(PCR) to detect the cholera toxin gene (ctxA)
and haemolysin gene (hlyA), using previously
described primers (10,11). The presence
of both genes is indicative of toxigenic V.
cholerae. The thermal cycling parameters
used for both target genes were: 50°C for 2
minutes, then 95°C for 15 minutes, 45 cycles
of 94°C for 60 seconds and 60°C for 1 minute.
Molecular (PCR) detection of V. cholerae
directly from the SGGB (sent from Madang
to the Goroka laboratory) was conducted to
determine whether some isolates had lost
YLDELOLW\$ȝODOLTXRWRIDOOVDPSOHVKDG
a commercial deoxyribonucleic acid (DNA)
extraction conducted using a DNA Mini kit and
corresponding protocol (Qiagen, Australia).
Extracts were preserved at -20°C for PCR
detection as outlined above.

Materials and Methods
Specimen collection for the diagnosis
of cholera was conducted as part of Good
Clinical Practice. Approval to conduct further
analysis of bacterial isolates was given by the
PNG Institute of Medical Research Institutional
Review Board and the PNG Medical Research
Advisory Committee (#10.54). During the
peak of the cholera outbreak in Madang
(October-November 2009) specimens from
patients with suspected cholera (>5 years of
age with AWD) were collected. Samples were
taken to the PNGIMR laboratory at MGH and
streaked generously on thiosulphate citrate
bile salt sucrose (TCBS) agar (ThermoFisher,
Australia) and incubated for 24 hours at
37°C. Profuse growth of sucrose-fermenting
colonies (yellow colonies on TCBS agar)
ZDV SUHVXPSWLYHO\ LGHQWL¿HG DV V. cholerae.
Sucrose-fermenting colonies were taken from
TCBS agar and preserved in 1.8 ml skim milk
glucose glycerol broth (SGGB) and stored at
-70°C. These isolates were then transported
to the Bacteriology Laboratory of PNGIMR in
*RURNDIRUIXUWKHULGHQWL¿FDWLRQXVLQJVWDQGDUG
bacteriological techniques (7). Initial culture
was conducted on 5% horse blood agar (BA)
and MacConkey agar (MA) (ThermoFisher,
Australia) and incubated overnight at 37°C.
Where overnight plates had multiple colony
morphologies from a single sample, each

Non-V.cholerae LVRODWHV ZHUH LGHQWL¿HG
to determine whether any were potential
HQWHULF SDWKRJHQV  ,QLWLDO LGHQWL¿FDWLRQ RI
isolates was conducted using standard
bacteriological methods (7). Gram-negative
isolates were grouped based on the results of
biochemical tests and representative isolates
were characterized using the BD (Becton
Dickinson) BBL Crystal Enteric/Nonfermenter
,GHQWL¿FDWLRQ.LW %HFWRQ'LFNLQVRQ86$ 
Presumptive Escherichia coli were tested
to determine whether they were verotoxigenic
(VTEC),
enteropathogenic
(EPEC)
or
enterotoxigenic (ETEC) strains of E. coli
by detection of relevant genes using loopPHGLDWHG LVRWKHUPDO DPSOL¿FDWLRQ /$03 
DNA extracts of SGGB were used (as
described above). The VTEC detection kit,
EPEC detection kit and ETEC detection kit
(Eiken Chemical Co, Ltd, Japan) were used
according to the manufacturer’s instructions.
Gram-positive cocci that were oxidase
and catalase negative were considered to be
Enterococcus VSSSDUWRIWKHQRUPDOJXWÀRUD
and not known to be enteric pathogens. Gram111
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positive cocci that were oxidase negative
and catalase positive were considered to
be Staphylococcus spp. (or closely related
genera).
Presumptive staphylococci had
a DNase test conducted: DNase-positive
isolates were then tested for coagulase activity
(7) using human plasma. DNase-positive,
coagulase-positive isolates were considered
to be Staphylococcus aureus  &RQ¿UPHG S.
aureus were tested for toxin production using
the 3M Tecra™ Staph Enterotoxin Visual
Immunoassay (VIA) Detection Kit (3M Pty
Ltd, Australia) following the manufacturer’s
instructions.

were positive for ctxA and hlyA genes). By
using direct PCR detection of V. cholerae
from SGGB (n = 98) (to detect non-viable V.
cholerae) an additional 3 samples were found
to be positive. Thus, using a combination of
culture and PCR, 18 of 98 samples (18%)
ZHUHFRQ¿UPHGWREHV. cholerae. A summary
of these results is shown in Figure 1.
Some samples yielded multiple isolates,
resulting in 121 viable (non-V. cholerae)
LVRODWHV  2I WKHVH  ZHUH LGHQWL¿HG DV
(QWHUREDFWHULDFHDH ZLWK  FRQ¿UPHG DV E.
coli using traditional bacteriological methods.
With the use of LAMP, one E. coli isolate was
positive for EPEC, one positive for ETEC, and
none positive for VTEC.

Results
Of 134 stool samples that grew on TCBS
agar, 98 were viable and sent to PNGIMR
Goroka for V. cholerae FRQ¿UPDWLRQ DQG
further testing. Of these, 15 (15%) yielded
LVRODWHV ZLWK ELRFKHPLFDO SUR¿OHV FRQVLVWHQW
with V. cholerae DQG ZHUH FRQ¿UPHG DV
toxigenic V. cholerae using PCR (all 15 isolates

14
non-lactose-fermenting
Enterobacteriaceae were characterized to determine
whether they were recognized enteric
pathogens such as Shigella spp. or Salmonella
spp.
Despite sharing many biochemical
WUDLWVQRQHZDVFRQ¿UPHGDVShigella spp. or




Presumptive Vibrio cholerae based on TCBS growth
(n = 134)



Viable SF colonies sent to PNGIMR Goroka
for confirmation
(n = 98)





V. cholerae (n = 18)
x Positive
culture 15

x Direct PCR 3
 

Enterobacteriaceae
(n = 61)

Enterovirulent
Escherichia coli
(n = 34)
x
x

ETEC 1
EPEC 1

Non-lactose-fermenting
Enterobacteriaceae
(n = 14)


Organisims
rarely associated
with enteric illness (n = 6)
x Citrobacter freundii 3
x Shewanella sp. 1
x Klebsiella pneumoniae 1
x Enterobacter cloacae 1

Staphylococcus sp.
(n = 28)

Staphylococcus aureus
(n = 9)

)LJXUH)ORZGLDJUDPRIVDPSOHSURFHVVLQJDQGSDWKRJHQLGHQWL¿FDWLRQIRUVXVSHFWHGFKROHUDSDWLHQWVLQ0DGDQJ
TCBS = thiosulphate citrate bile salt sucrose agar; SF = sucrose-fermenting; PNGIMR = Papua New Guinea Institute of
Medical Research; PCR = polymerase chain reaction; ETEC = enterotoxigenic E. coli; EPEC = enteropathogenic E. coli.
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isolation of V. cholerae in Madang, and this
may have led to a slight decrease in culturepositive results. However, according to the
Centers for Disease Control and Prevention
(8), alkaline peptone water (APW) enrichment
is an optional step in the diagnosis of cholera,
as patients with cholera gravis usually shed
high numbers of the causative bacterium.

Salmonella spp. 3 suspected Salmonella spp.
ZHUHFRQ¿UPHGDVCitrobacter freundii. Other
(QWHUREDFWHULDFHDH LVRODWHV ZHUH FRQ¿UPHG
as Shewanella sp., Klebsiella pneumoniae
and Enterobacter cloacae.
A total of 28 isolates were preliminarily
LGHQWL¿HG DV Staphylococcus spp., with 9
FRQ¿UPHGDVS. aureus.&RQ¿UPHGS. aureus
isolates were tested for toxin production;
however, all were negative.

At the time of the outbreak in PNG it is
possible that people who had diarrhoea
exhibited
increased
health-care-seeking
behaviour, in part due to educational
campaigns and potentially through fear of
developing more severe symptoms than
they were feeling at the time of presentation.
Thus patients presenting during the cholera
outbreak may have had other aetiological
agents causing diarrhoea, as the burden of
enteric diseases in PNG is high, largely as a
result of poor sanitation and hygiene (13).

Discussion
In our study, 18% of samples from patients
from Madang Province with suspected
FKROHUDZHUHFRQ¿UPHGDVFKROHUDSRVLWLYHE\
the culture or PCR detection of the microbe in
preserved cultures. This low rate of detection
UHÀHFWV ERWK WKH OLPLWDWLRQ RI FXOWXUH DV WKH
gold standard of diagnosis for cholera, and
also the challenges in infectious disease
diagnosis in regional PNG.

The presumption that other pathogens
may have played a role in cases of diarrhoea
and AWD at the time of the cholera outbreak
LV VXSSRUWHG E\ WKH ¿QGLQJV RI RXU VWXG\
despite the severe limitation of the study
in this regard. The primary objective of the
0DGDQJEDVHG FXOWXUH ZDV WR FRQ¿UP V.
cholerae as the cause of AWD in a large
cohort of patients, and to obtain isolates for
epidemiological studies (2) and antibiotic
resistance (to be reported separately). This,
in combination with the lack of resources
available during the cholera outbreak in
Madang, led to culture being conducted
primarily on TCBS agar (which is inhibitory
to many other bacterial enteric pathogens)
and sucrose-fermenting organisms growing
on TCBS being sent to IMR Goroka for
FRQ¿UPDWLRQ  'HVSLWH WKLV OLPLWDWLRQ ZH
were able to detect other enteric pathogens
and emerging/opportunistic pathogens. Both
EPEC and ETEC were detected. ETEC
produces heat-labile toxins, which can induce
powerful bowel purging with rice-water stools,
similar to symptoms of cholera (14). ETEC
has been linked to cholera-like outbreaks in
Asia and South America in the past (15,16).
EPEC has also caused watery diarrhoea.
Cholera-like diarrhoea has also been
attributed to Salmonella sp, (17), a common
enteric pathogen that has been detected in
foods in PNG in the past (18), though not
commonly isolated in the Madang region (ML,
personal communication). No Salmonella
were detected in this study, perhaps in part
due to the apparent low prevalence in this

The 15% culture-positive rate was
considerably lower than the isolation rate
(49%) of V. cholerae from suspected cholera
patients at Port Moresby General Hospital
pathology laboratory (6).
The need to
preserve and transport isolates to Goroka
might be associated with a loss of viability,
although detection by a culture-independent
PHWKRG 3&5 IDLOHGWRVLJQL¿FDQWO\LQFUHDVH
the detection rate (18% detection rate by
combined culture and PCR). It is unlikely
that the detection rate in this study is a
WUXH UHÀHFWLRQ RI WKH SURSRUWLRQ RI SHRSOH
with cholera, and challenges associated
with cholera diagnosis have been recently
reported. Alam et al. (12) demonstrated that
V. cholerae was the predominant cause of an
outbreak of AWD; however, more than 40%
RI WKH FKROHUD FDVHV FRQ¿UPHG E\ FXOWXUH
independent methods) were culture negative.
Two possible explanations given by Alam et
al. for the high rate of culture-negative cases
were the impact of lytic bacteriophages on
V. cholerae and the ability of V. cholerae to
quickly enter the viable but non-culturable
state. Both of these mechanisms are well
studied and understood in environmental
conditions, but their role in vitro is not fully
HOXFLGDWHG  *LYHQ WKH ¿QGLQJV RI $ODP DQG
colleagues, it is conceivable that many of the
patients in Madang presenting with AWD had
cholera, but the bacteria were not detected.
Enrichment broth was not used in the
113
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region, but more likely due to the limitations of
the study design. Potential and opportunistic
pathogens were isolated from a small number
of samples, namely Citrobacter freundii (n
= 3), Shewanella sp. (n = 1), Enterobacter
cloacae (n = 1) and Klebsiella pneumoniae (n
= 1). All of these organisms have on occasion
been linked to enteric illness (19-22), although
they are not considered major diarrhoeal
pathogens.

a disease outbreak.
Other diagnostic methods should also
be explored. With nucleic acid detection
methods becoming more robust and userfriendly, their application in low-income
settings is becoming more viable. Kirkham
and colleagues stated that PCR-based
diagnostics could complement traditional
diagnostic methods for pneumonia and
meningitis in PNG (25), and this may similarly
apply to other infectious diseases, particularly
in reference laboratories.

In response to the cholera outbreak in
PNG, culture services were re-established in
Lae (complementing existing services in Port
Moresby), but not in other provincial capitals
where cholera occurred. Relevant government
and non-government organizations were
reluctant to supply laboratories outside
Port Moresby and Lae with the required
consumables for V. cholerae culture, in part
GXH WR WKH VXSSO\ FKDLQ GLI¿FXOWLHV IDFHG
LQ 31*  7KH SUHOLPLQDU\ LGHQWL¿FDWLRQ
conducted in Madang had little impact on
clinical management as all patients were
treated syndromically. However, the rapid
SUHVXPSWLYHLGHQWL¿FDWLRQPD\KDYHDVVLVWHG
in mobilizing a response; and results were
XVHG LQ GDLO\ FKROHUD EULH¿QJV  0RUHRYHU
WKH FRQ¿UPDWLRQ DQG VXEVHTXHQW DQDO\VLV
of Madang isolates at the better equipped
Goroka laboratory was of epidemiological
value (2, unpublished data).

Conclusion
V. cholerae was detected in 18% of
specimens in this study, a lower proportion
WKDQ H[SHFWHG GXULQJ D FRQ¿UPHG RXWEUHDN
of cholera. As found in other settings, the
causative organism may not always be
detected in true cholera cases. However,
our detection rate was lower than reported
LQ RWKHU VWXGLHV DQG RXU ¿QGLQJV KLJKOLJKW
the challenges associated with in-country
GLDJQRVLV RI RXWEUHDN GLVHDVHV DQG UHÀHFW
shortcomings in regional laboratory capacity
in PNG. If better patient health outcomes
are to be achieved for infectious diseases in
general, there is a need for practical diagnostic
methods, complementary to culture, that are
suitable for use in low-income settings. Rapid
diagnostic methods may serve this purpose,
with the potential to be applicable in outbreak
situations.

Infectious disease diagnosis remains
problematic in PNG, particularly in regional
areas. The cholera outbreak highlighted these
problems, and strategies should be developed
in an attempt to strengthen diagnostic
capacity in key regional centres. Rapid
diagnostic tests (RDTs) may play a future
role in diagnostics, particularly in outbreak
situations.
Recent studies demonstrated
the potential utility of RDTs for diagnosis of
important febrile illnesses in PNG (23,24),
and a potential role for cholera RDTs in PNG
has been suggested in the light of challenges
associated with culture-based diagnostics
(6). However, RDTs are not a diagnostic
panacea, and this was highlighted in the
0DGDQJ RXWEUHDN ZKHUH WKH ¿UVW  5'7V
conducted were interpreted as negative (LM
and ML, personal communication). In light of
WKH VXEVHTXHQW FRQ¿UPDWLRQ RI WKH FKROHUD
outbreak, it is possible the RDTs were being
misinterpreted. Training needs to accompany
the introduction of new diagnostic methods,
and there is a risk that this will be overlooked
or will be found logistically challenging during

During the initial cholera outbreak in PNG,
WKHIRFXVZDVRQFRQ¿UPLQJFDVHVRIFKROHUD
and implementing disease control measures.
However, we have demonstrated the
presence of other pathogens in patients with
AWD, despite the limitations in study design
that impeded our ability to detect non-Vibrio
pathogens. In future outbreaks a subset of
samples should be comprehensively analysed
using a variety of diagnostic methods to enable
a better understanding of the contribution of
other enteric pathogens to the aetiology of
AWD during cholera epidemics. Different
aetiological agents may justify different
treatment and control strategies. In particular,
efforts to detect ETEC are warranted given
the role it has played in AWD outbreaks in
other regions.
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