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During november, 2011, i attended separate meetings dedicated to ex-
ploring the incidence of antimicrobial resistance in two areas of the 

developing world, India and Cambodia. The first, sponsored jointly by the 
American Society for Microbiology (ASM), the European Society for Clini-
cal Microbiology and Infectious Diseases (ESCMID), and the Indian Asso-
ciation of Medical Microbiologists (IAMM), was named the “International 
Workshop on Antimicrobial Resistance” and was held at the Haffkine Insti-
tute in Mumbai, India. Organized by Prof. Lance Peterson (ASM representa-
tive), Prof. Abhay Chowdhary (Director of Haffkine Institute), Prof. V. Ravi 
(President of the IAMM), and Prof. Guiseppe Cornaglia (President of ESC-
MID), the workshop brought together around 250 participants, principally 
from India, to discuss various aspects of antimicrobial resistance over a 2.5 
day program. 

One key topic was susceptibility methods, including the use of new molecu-
lar tools and a comparison between laboratory practice guidelines established 
by the Clinical Laboratory Standards Institute (CLSI; used throughout the 
U.S. and in those resource-poor laboratories in the rest of the world fortunate 
enough to have support from an outside non-governmental organization) and 
the European Committee on Antimicrobial Susceptibility Testing (EUCAST; 
used in Europe and in many parts of the developing world). Since the CLSI 
changed many of the breakpoints used to determine resistance to cephalo-
sporins and carbapenem antibiotics, the two guidelines are very similar with 
regard to methods and interpretive criteria.  Also presented were talks on the 
epidemiology of resistance among viruses, parasites and fungi, in addition to 
the major focus on bacteria. 

Of interest to infectious diseases practitioners in the U.S. was the prev-
alence of drug resistance among gram-negative bacteria, particularly given 
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the numbers of American workers who travel back and 
forth between India and the U.S. and the rise in medical 
tourism to India, as these travelers are potentially capa-
ble of bringing a dangerously drug-resistant bacterium 
back with them to a hospital or clinic in the U.S. A re-
cent publication from Sweden highlighted this problem, 
showing that 7 of 8 tourists returning from India were 
colonized with an extended spectrum beta-lactamase 
producing organism that they had acquired overseas. 
One of the most recently recognized such hitchhikers is 
the New Delhi type 1 metallo-beta-lactamase (NDM-1), 
now an emerging pathogen in the United States.  Ac-
cording to Dr. Ashok Rattan, Chairman of Laboratory 
Medicine at Medanta Medicity Medical School Gurga-
on, near New Delhi, one of the presenters, use of antibi-
otics has increased dramatically in India in recent years. 
Dr. Rattan previously published that between 2005 and 
2009, the units of antibiotics sold increased by about 
40%. Increased sales of cephalosporins were particu-
larly striking, with sales (in units sold) increasing by 
60% over the 5-year period.2 In 2010, one survey from 
a hospital in Mumbai showed that NDM-1 was carried 
by 92% of carbapenem resistant Enterobacteriaceae, 
including Klebsiella, Enterobacter species, and E. coli.1 
This is not the only resistance mechanism in Entero-
bacteriaceae from India, as another survey revealed 
The organisms were collected from two different sites, 
Chennai (formerly Madras) in the southeast with 4% 
carbapenem-resistant isolates from >3500 Enterobac-
teriaceae tested and Haryana in the north central area 
near New Delhi with 24% carbapenem-resistant organ-
isms (all K. pneumoniae) from among only 198 tested.  

Reasons for this alarming situation include broad 
availability of antibiotics, many obtained over-the-coun-
ter without prescriptions and many of low quality or suf-
fering from inadequate storage conditions leading to loss 
of potency and thus enhancing the chance that patients’ 
isolates will develop resistance. Additional reasons are 
inadequate dosing when antibiotics are taken, poor in-
fection control processes in many hospitals, and some-
what surprisingly, the lack of adequate public hygiene 
and inadequate water treatment facilities. Yes, bacteria 
producing NDM-1 were found in drinking water and 
water sources in the community in New Delhi.9 (9) But 
another reason for the rapid spread of these resistant or-
ganisms is the lack of ability of local laboratories to iso-
late the organisms and perform adequate antimicrobial 
susceptibility tests. 

Unfortunately, methods for testing the organisms are 
changing, with no one method considered optimal ex-
cept for molecular methods, which are beyond the capa-
bilities and resources of those laboratories most likely to 
encounter the organisms.5,7 When countries do not have 
surveillance information on the extent of resistant organ-
isms in their patients and the environment, there is very 
little incentive to develop national policies on antibiotic 
utilization, including limiting distribution to accredited 
providers.  

This is clearly a major problem in Cambodia, where 
the first National Workshop on the Containment of An-
tibiotic Resistance was held in Phnom Penh November 
16-18. The conference was initiated by scientists from 
the Institute of Tropical Medicine, Antwerp, Belgium, 
which supports the laboratory at the Sihanouk Hospi-
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tal Center of Hope, and workers from Mahidol Oxford 
Tropical Medicine Research Unit, who support micro-
biology at Angkor Hospital for Children in Siem Reap 
(home of the Angkor Wat). Conveners and supporters 
also included the Cambodian Ministry of Health, World 
Health Organization, Fondation Merieux, University 
Research Company (URC) Cambodia, and numerous 
other NGO’s including my own Diagnostic Microbiol-
ogy Development Program, which supports laboratories 
in Battambang, Kampong Cham, Takeo, and Phnom 
Penh. 

One reason that this conference could be achieved is 
the growing ability of at least some local laboratories 
in Cambodia to perform reliable microbiology testing, 
albeit so far limited and only with the help of volunteers 
from abroad.  The increasing expertise of local micro-
biologists is a hopeful sign for the future, where pre-
viously there were minimal resources available for pa-
tients who were not in the upper political or economic 
(actually they occur together) echelons.

Although MRSA had not penetrated Cambodia in 
any serious way 3 years ago, with only 3.5% of children 
colonized, as determined from a large scale surveillance 
conducted in Siem Reap in 2008 and reported last year, 
this has changed dramatically, at least at some centers 
who presented data at the workshop.6 Representatives 
from the Sihanouk Hospital, located in the capital city 
Phnom Penh, presented data from 500 blood culture 
isolates recovered from adult patients since 2007. The 
results revealed 22% of S. aureus isolates were MRSA.
This high rate of MRSA was not limited to Phnom 
Penh. Pharmacist Nhem Somary from Kampong Cham 
(located 124 km northeast of Phnom Penh and also on 
the Mekong River), presented her data showing 45% 
MRSA among staphylococcal isolates from all sites. 
The laboratory in the hospital in Takeo, a town 77 km 
south of Phnom Penh, found that 22% of S. aureus were 
MRSA.  

And not surprisingly, multi-drug resistant gram nega-
tive bacteria are rampant in Cambodia, which is the 37th 
poorest country in the world according to some mea-
surements, with an annual per capita income of around 
US $2100. Half of the bloodstream E. coli isolated at 
the Sihanouk Hospital laboratory were ESBL positive 
and multi-drug resistant; 70% of Salmonella typhi (the 
most common blood culture organism) demonstrated 
decreased susceptibility to fluoroquinolones and were 
multi-drug resistant. 

These numbers were echoed by scientists from the 
United States Naval Army Medical Research Unit 
(NAMRU-2) who conducted targeted surveillance of 
S. typhi in Cambodia. Their well-controlled results re-
vealed multi-drug resistance in 56% of all strains tested. 

The Kantha Botha pediatric hospitals (located in several 
major cities of Cambodia) reported on a recent increase 
in Salmonella cholerasuis bloodstream infections, pri-
marily in children <2 years old.  They also showed dra-
matic decreases in susceptibilities to amoxicillin-clavu-
lanate, ofloxacin, and ceftriaxone in E. coli urinary tract 
isolates since 2003. 

At Kampong Cham, although Pseudomonas aerugi-
nosa isolates were quite susceptible to most antibiotics 
(only piperacillin and ceftazidime showed resistance, 
and then only <5%), more than half of the Klebsiella 
species showed resistance to all cephalosporins and the 
E. coli isolates were pan-resistant to all major antibiot-
ics tested except imipenem. The Institute Pasteur, which 
receives reference cultures for testing from a number of 
clinics and other facilities throughout the country, so 
the data are gathered from a convenience sample rather 
than epidemiologically conducted surveillance, report-
ed 20% MRSA, 30% ESBL in E. coli, 18% carbapenem 
resistance among Acinetobacter species, and a worri-
some 3.5% resistance to cefixime among Neisseria gon-
orrhoeae.  

Although there is a clear need based on the data and 
many presenters requested government action, a nation-
al policy on antimicrobial stewardship was not put forth 
by the Ministry of Health officials at the workshop.  In-
stead, they have decided to focus on improving infec-
tion control efforts where they felt they had sufficient 
resources to make some progress. In a country where 
antibiotics of varying reliability are available universal-
ly to anyone with the money to pay for them, the situ-
ation of drug resistance is likely to become even worse 
in the future. Thus the name of the conference “…Con-
tainment of Antibiotic Resistance…” would seem to be 
more wishful than prescient, at least for the near future. 

Physicians in the industrialized world need to real-
ize the potential for the presence of multi-drug resistant 
organisms (MDRO’s) in patients with compatible travel 
history, and institute appropriate infection control and 
treatment algorithms.10 (10)  Microbiology laborato-
ries also need to be notified so that they will perform all 
available tests necessary to detect MDRO’s in samples 
sent from these types of patients. Given that there is a 
growing movement in the developed world to perform 
surveillance cultures on patients at risk for carriage of 
MDRO’s, surely travelers returning from the develop-
ing world should be added to that category.  n
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Norovirus bounces  
between NBA players
This article originally appeared in the January 2012 issue 
of Infectious Disease Alert.

Source: Desai R, et al. Transmission of norovirus among 
NBA players and staff, Winter 2010-2011. CID 2011; 53: 
1115-1117.

Beginning in november 2010, players from several 
NBA teams were reported as suffering from the “stom-
ach flu”. An investigation was launched, querying 400 
players and 378 staff members whether they had ex-
perienced nausea and/or vomiting sometime between 
November 10 and December 20. In total, 21 players 

and 3 staff members met the case definition for acute 
gastroenteritis from norovirus, based on the presence of 
symptoms with or without a positive RT-PCR stool test 
for norovirus. These 24 individuals represented 13 dif-
ferent teams from 11 different states. 

The outbreak occurred between November 28 
through December 8. Four teams had multiple cases 
with a total of 15 affected individuals. There was suf-
ficient information available to indicate that 4 of these 
players were primary cases and 9 were secondary cases. 
Three of the four primary cases reported close contact 
with other members of the team during their illness, in-
cluding contact in the locker rooms or travel together. 
One reported vomiting while en route to a game.  

The authors identified 49 NBA games played dur-
ing the 11-day outbreak. Two of these games were 
suspicious for team-to-team transmission of norovirus 
infection from a “donor team”, with players with sub-
sequently confirmed norovirus playing in those games. 
The authors examined 10 years of NBA “injury” data 
reports, and found that gastroenteritis was the second 
most common non-play-related injury in the NBA. 
They recommend that players with acute gastroenteritis 
symptoms be segregated from teammates, with restrict-
ed play, and strict personal hygiene and handwashing 
precautions during illness and for a good 24-72 hours 
after recovery. n


