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Abstract. Leptospirosis is a global zoonotic disease caused by pathogenic bacteria of the Leptospira genus, which
are fastidious, slow-growing organisms. Antimicrobial susceptibility data are limited; traditionally, the organisms have not
been culturable on solid media. The recent development of Leptospira Vanaporn Wuthiekanun (LVW) agar, which facil-
itates rapid growth of Leptospira spp., provides the opportunity for antimicrobial susceptibility testing. Eighty-three
Leptospira spp. clinical isolates originating from patients in Laos between 2006 and 2016 were tested against six
antimicrobials (azithromycin, ceftriaxone, ciprofloxacin, doxycycline, gentamicin, and penicillin G) using disk diffusion on
LVW agar. Quality control was undertaken using American Type Culture Collection (ATCC) reference strains with known
susceptibilities on both standard media and LVW agar. All Leptospira spp. isolates produced large zones of inhibition
around each of the six antimicrobials. All zones were greater than 25 mm: gentamicin produced the smallest zones
(median 35 mm; interquartile range 30 mm–37 mm) and azithromycin produced the largest zones (median 85 mm;
interquartile range 85mm–85mm). Zones produced by non-leptospiral ATCC reference strains on LVW agar were within
2 mm of accepted strain-specific quality control range on standard media. Antimicrobial activity on LVW agar appears to
be similar to that on standard media. As there are no published susceptibility guidelines for the Leptospira genus, zone
interpretation was subjective. Leptospira Vanaporn Wuthiekanun agar enabled antimicrobial susceptibility testing of
multiple Leptospira isolates on solid media; the large zone sizes observed suggest that resistance has not emerged to
these six antimicrobials in Lao Leptospira spp.

INTRODUCTION

Leptospirosis is a widespread zoonosis caused by spiro-
chete bacteria of the genus Leptospira. Although present
worldwide, the highest disease burden is in tropical and
subtropical areas, including Southeast Asian countries such
as the Lao People’s Democratic Republic (Laos), where it is
commonly under-recognized.1 The infection is spread to hu-
mans through environmental contamination by the urine of
infected animals and causes a spectrum of clinical presenta-
tions ranging from mild febrile illness to severe disease that
can result in organ failure and death.2 First-line therapy for
severe leptospirosis is intravenous penicillin with oral doxy-
cycline or azithromycin indicated in less-severe disease.3

Because of limited diagnostic capability and nonspecific
clinical presentation, leptospirosis patients are commonly
treated empirically for undifferentiated fever usually with beta-
lactams, doxycycline, gentamicin, or ciprofloxacin.4–8

Antimicrobial susceptibility testing is used to determine the
in vitro activity of agents against microorganisms and several
different methods are available.9 Agar-based culturemethods
are a mainstay in susceptibility testing for their ability to fa-
cilitategrowthofmanypathogenswithin 24hours.10However,
susceptibility testing of Leptospira spp. has been limited as
leptospires are fastidious, slow-growing organisms unable to
grow on standard laboratory media.10,11 There has thus been
no robust method of culturing leptospires on solid media and
no standardmethod for in vitro testing of antimicrobial agents
against Leptospira spp.10–12 Culture using special liquid or

semiliquid media can be performed but is labor intensive, re-
quiring expertise and may take weeks to months to achieve
growth.10,13 Both macro- and micro-dilution methods have
been used to test the susceptibility of isolates from humans
and animals, but they are time consuming and difficult to
control.10,11Both clinical evidenceand in vitro studies suggest
that leptospires are susceptible to beta-lactams, macrolides,
tetracyclines, and fluoroquinolones, but the lack of large-scale
studies means there is little information about the prevalence
of antimicrobial resistance within the genus.14–23

The first solid medium for Leptospira spp. named Lep-
tospira Vanaporn Wuthiekanun (LVW) agar, which facilitates
rapid growth, was developed in 2013.10 The culture of Lep-
tospira spp. using LVW agar entails initial incubation at 30�C
in 5%CO2 for 2 days followed by incubation in ambient air at
30�C for 5 days, with growth visible by this time.10 A small
pilot study demonstrated the use of LVW agar for antimi-
crobial susceptibility testing in disk diffusion assays.24

The aim of our study was to expand on this initial study and
use disk diffusion assays on LVW agar to assess the antimi-
crobial susceptibility of 83 LaohumanLeptospira spp. isolates
to six antimicrobials (azithromycin, ceftriaxone, ciprofloxacin,
doxycycline, gentamicin, and penicillin G), which are com-
monly used to empirically treat fever in Laos.25–27 To validate
the use of disc diffusion susceptibility testing for leptospires
on LVW agar, we compared the activity of the antimicrobials
against control strains from the American Type Culture Col-
lection (ATCC) on LVW agar to that on Mueller–Hinton agar.

MATERIALS AND METHODS

Clinical isolates. Eighty-three Leptospira spp. isolates
were tested from a collection of clinical isolates originating in
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Laos between 2006 and 2016. The isolates were isolated from
blood clots of Leptospira-positive patients at four Lao hospi-
tals (Mahosot Hospital and Friendship Hospital in Vientiane,
Luang Namtha Provincial Hospital, and Salavan Provincial
Hospital) during studies of the etiology of fever.8 The isolates
were maintained in Ellinghausen–McCullough–Johnson–
Harris (EMJH) broth at room temperature from the day of
isolation and subcultured approximately every 6 months be-
fore use in this study. To maximize viability at the time of
susceptibility testing, the isolates were subcultured before
inoculation on LVW agar.
Preparation of LVW agar and EMJH broth. Leptospira

Vanaporn Wuthiekanun agar was prepared as described by
Wuthiekanun et al.10 Briefly, for 1 L of LVW agar, 2.3 g of
LeptospiraMedium Base EMJH (BD Difco, Sparks, MD), 10 g
of Noble Agar (BD Difco), and 1 mL of 1% sodium pyruvate
(Merck, Billerica, MA) solution were added to 800 mL of dis-
tilled water. After autoclaving, 100 mL of Leptospira Enrich-
ment EMJH (BD Difco) and 100 mL of normal rabbit serum
(Gibco, Brigg, United Kingdom) were aseptically added. The
agar was poured, dispensing 25 mL into a 90-mm diameter
Petri plate for a depth of 4 mm. Each batch of LVW agar was
tested with an in-house clinical isolate of Leptospira spp.
(UI130) to confirm that it supported growth of Leptospira spp.
Ellinghausen–McCullough–Johnson–Harris broth was pre-
pared following LVW agar preparation, with final concentra-
tion of agar at 0.1% and rabbit serum at 3%.
Inoculation of ATCC reference strains on LVW agar and

standardmedia. The following strains were used to compare
zone diameters produced on LVW agar with those on Clinical
and Laboratory Standards Institute (CLSI) standard media:
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 27853, and Strep-
tococcus pneumoniae ATCC 49619. All other conditions of
disk diffusion were as defined by CLSI, except that Mueller–
Hintonwith 5%goat bloodwas used forS. pneumoniaeATCC
49619 instead of sheep bloodwhich is not available in Laos.28

The zones produced on standard media and LVW agar were
compared with the strain-specific quality control zone ranges
on standard media.28 Note that only antimicrobials with pub-
lished ranges for a specific strain were used.
Estimation of culture concentration using microscopy.

Growth was monitored by dark-field microscopy (Olympus
BX51, Tokyo, Japan) and assessed using a 0–4-point growth
scale developed by Mahidol Oxford Tropical Medicine Re-
search Unit (Bangkok, Thailand) to estimate Leptospira spp.
viability and concentration in EMJH broth. Peak viability was
denoted as 4+ growth and was visualized by high motility
and dense coverage of leptospires across the field when
viewing a 5-μL drop of culture with the ×10 objective. This
indicated a leptospire concentration of approximately 1 ×
108 CFU/mL, the desired concentration for inoculation of
LVW agar. The isolates were inoculated within 24 hours of
reaching 4+ growth, after which time the culture ceased to be
considered fresh as indicated by clumping of the bacteria.
Inoculation, incubation, and application of antimicrobial

disks. Isolates that had attained 4+ growth were inoculated
onto LVWagar by dispensing 300 μL of culture onto the center
of a single plate and spreading the bacteria with a cotton swab
using a rotary plater (Leetech, Bangkok, Thailand). Seven
plates were inoculated with each isolate—one for each of the
six antimicrobials (only one disk was applied to each plate as

the zones were anticipated to be very large) and one growth
control plate with no disk.
Once dry, the inoculated plates were inverted, placed in a

candle jar (estimated 2–3%CO2),
29 and incubated at 30�C for

48 hours.
Six antimicrobials (Table 1) were tested by disk diffusion as

previously described.24 On day 3 of incubation, each disk
(Oxoid™, Basingstoke, United Kingdom) was aseptically ap-
plied to the center of a single plate, apart from the control. The
plates were inverted and incubated at 30�C in ambient air for
5–12 days, depending on individual growth rates.
Measuring growth and repeat inoculation of four

isolates.Growthwasmonitored fromday 6 of incubation, and
final measurements were taken between days 8 and 13,
depending on individual growth rates. The zones of inhibition
were measured from the innermost point of growth as seen
with the naked eye. Any visible contamination or difficulty
measuring zones was noted. Four isolates underwent repeat
testing to assess reproducibility. The isolates were re-
subcultured before the repeat inoculation.

RESULTS

Comparison of zone diameters on LVW agar and stan-
dard media. All zones produced by E. coli ATCC 25922,
S. pneumoniae ATCC 49619, S. aureus ATCC 25923, and
P. aeruginosa ATCC 27853 on CLSI standard media were
within the strain-specific quality control ranges published in
CLSI guidelines (Table 2).26 The zones produced by these four
reference strains on LVW agar were also within the strain-
specific ranges for standard media except in the following
cases.Escherichia coliproduced zones 2mmsmaller than the
minimum range value for ceftriaxone and doxycycline.
Streptococcus pneumoniae produced a zone 1 mm larger
than the maximum range value for azithromycin and 1 mm
smaller than theminimum range value for doxycycline. Finally,
S. aureus produced a zone 2 mm larger than the maximum
range value for azithromycin.
Growth on LVWagar. The Leptospira spp. isolates grew at

variable rates on LVW agar with growth appearing between
day 8 and 13 of incubation. Zones of inhibition were often not
distinct until 1 or 2 days after growth initially appeared. Ap-
proximately half of the inoculated plates could be measured
on day 8.
Once visible, there was variability in the appearance of the

growth. Although all growth was subsurface and had a white
cloud-like appearance (Figure 1), there was a range in the
distinctness and apparent density of growth. In particular, 18
isolates had fainter growth across all plates, although zones of
inhibition were still distinguishable. All isolates had visible
growth on the growth control plate except in three cases

TABLE 1
Six antimicrobials used for disk diffusion susceptibility testing

Antimicrobial Disk content Catalog number (Oxoid)

Azithromycin 15 μg CT0906B
Ceftriaxone 30 μg CT0417B
Ciprofloxacin 5 μg CT0425B
Doxycycline 30 μg CT0018B
Gentamicin 10 μg CT0024B
Penicillin G 10 units CT0043B
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where there was either widespread surface plate contamina-
tion (two isolates) or insufficient culture volume to inoculate
the control (one isolate).
Large zones of inhibition produced by Leptospira spp.

isolates. All Leptospira spp. isolates produced zones more
than 25 mm in diameter for each of the six antimicrobials
(Figure 2). Plates on which no growth was visible (but with
growth on the corresponding control) were assumed to have a
zone of 85 mm or larger, the diameter of the plate base.
Gentamicin produced the smallest zones, with a median zone
diameter of 35 mm (interquartile range 30 mm–37 mm) and a
range between 25 and 85 mm. Azithromycin produced the
largest zones with a median zone diameter of 85 mm
(interquartile range 85 mm–85 mm) and a range between 37
and 85 mm (note that the interquartile range, median, and
maximum zone of azithromycin lie on the same value). Cef-
triaxone, ciprofloxacin, doxycycline, and penicillin G pro-
duced intermediate zone medians at 69, 70, 56, and 70 mm,
respectively. No plate had growth within 25 mm of any disk.
Zone interpretation. Eight percent of zones were noted as

difficult tomeasure (Figure 3). These included zones that were
not perfectly circular (for which a mean of two measurements
was calculated) and zones which did not extend to a full circle
(for which the radius was measured and doubled if a diameter
could not be read). Also included were zones which were
difficult to distinguish from growth resulting from excess fluid
build-up at the edge of the plate during inoculation. This oc-
curred most often with very large zones almost reaching the
plate edge. In addition, azithromycin produced zones with
very faint outlines, even if the rest of the plates for a given
isolate had distinct growth and zones.

Repeat testing of four isolates. Four isolates were tested
multiple times to assess reproducibility of the method. Isolate
LNT3110 was tested twice, and zones for each antimicrobial
between replicates were within 3 mm of each other (Table 3).
The zones produced by LNT2714 had differences of more
than 5 mm between replicates for each antimicrobial. The
zones produced by UI27257 had differences of more than
8 mm between replicates for each antimicrobial with a large
difference of 34 mm between zones for ceftriaxone. Isolate
FS3849 was tested three times and ranges between the
maximumandminimumzone diameters produced in the three
tests were 15, 18, 19, 7, 8, and 21 mm for azithromycin,
ceftriaxone, ciprofloxacin, doxycycline, gentamicin, and peni-
cillin G, respectively.

DISCUSSION

This study, testing 83 clinical isolates of Leptospira spp.
collected over a 10-year period against six antimicrobials, is
the largest study to date we are aware of to use disk diffusion
assays on LVW agar for susceptibility testing of Leptospira
spp.10,12,24,30 The data suggest that all isolates were sus-
ceptible to the six antimicrobials and that the agents were
highly active in LVW agar. There is, thus, no evidence that
leptospires in Laos have developed resistance to standard
antimicrobial therapy.4–8

All Leptospira spp. isolates in this study produced large
zones of inhibition, indicating high sensitivity to the six anti-
microbials. As there are no published susceptibility guidelines
for Leptospira spp., interpretation of the zone sizes is sub-
jective and the isolates cannot be definitively classed as
susceptible, intermediate, or resistant.10,11,31 However, the
large zone sizes suggest a high level of antimicrobial activity in
comparison with the zone sizes that would be expected with
other bacteria according to CLSI guidelines.28 It should be
noted, however, that the longer incubation period needed to
allow growth of Leptospira spp. is likely to have resulted in
larger zone diameters than would be observed for faster
growing organisms. The similar zone sizes producedbyATCC
reference strains on both standard and LVW agar, where no
zone was more than 2 mm outside the respective CLSI range,
suggest that the antimicrobials have similar activity in both
media.
There was a range of zone sizes produced by Leptospira

spp. isolates for each antimicrobial. Although these ranges
may represent slight differences between the susceptibilities
of individual isolates to the antimicrobials, the zones were still
very large, suggesting that all isolates were susceptible.

TABLE 2
Zones of inhibition (mm) of ATCC reference strains on CLSI standard media and LVW agar28

Antimicrobial

Escherichia coli
ATCC 25922

Staphylococcus aureus
ATCC 25923

Pseudomonas aeruginosa
ATCC 27853

Streptococcus pneumoniae
ATCC 49619

CLSI range Mueller–Hinton LVW CLSI range Mueller–Hinton LVW CLSI range Mueller–Hinton LVW CLSI range Mueller–Hinton with 5% goat blood LVW

Azithromycin – – – 21–26 26 28 – – – 19–25 25 26
Ceftriaxone 29–35 34 27 – – – – – – 30–35 33 31
Ciprofloxacin – – – – – – 25–33 30 30 – – –

Doxycycline 18–24 24 16 – – – – – – 25–34 31 24
Gentamicin 19–27 23 24 19–27 26 25 17–23 21 23 – – –

Penicillin G – – – 26–37 37 26 – – – 24–30 26 24
ATCC=American TypeCultureCollection; CLSI =Clinical and Laboratory Standards Institute; LVW= LeptospiraVanapornWuthiekanun.Note that only antimicrobialswith published ranges for a

specific strain were used. Clinical and Laboratory Standards Institute quality control ranges on standard media are also given.

FIGURE 1. Growth of Leptospira spp. isolates on Leptospira Vana-
pornWuthiekanun agar. (A) Growth control of isolate UI36718 with no
antimicrobial disk. (B) Zone of inhibition (55 mm) of isolate UI22068
around penicillin G. This figure appears in color at www.ajtmh.org.
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Gentamicin, which generally diffuses poorly through media
and, thus, tends to produce smaller zones than some other
agents, produced the smallest zones.28 Azithromycin pro-
duced the largest zones, withmany isolates demonstrating no
visible growth, thus indicating a zone greater than the di-
ameter of the plate. The four other antimicrobials used in this
study had zone ranges intermediate between gentamicin and
azithromycin, but all large relative to CLSI susceptibility

breakpoints for other organisms.28 The four isolates were
tested multiple times to assess reproducibility. The results
suggest that although there is considerable inherent variability
in themethod, it doesnot detract from thekeyobservation that
no obvious resistance was detected among the isolates.
Several elements of the methodology contributed to the

qualitative nature of the study. First, zone interpretation was
subjective with growth often difficult to visualize on the agar.
Cultures of Leptospira spp. are different in appearance from
many other bacteria on solid media as growth is subsurface
and has a hazy, cloud-like appearance; therefore,many plates
had zones that were difficult to measure.
Second, determination of the inoculum concentration be-

fore inoculation was also subjective. Dark-field microscopy
wasused to assess isolate growthwith “4+growth”presumed
to indicate a concentration of 1 × 108 CFU/mL. This visual
assessment is dependent on drop thickness on the micro-
scope slide and made more difficult by varying leptospire
lengths in different Leptospira isolates. Irregularity in inoculum
concentration can affect zone size, for example, where higher
concentrations can result in comparatively smaller zone sizes
across all antimicrobials as exhibited by isolates FS3849
and SV588.
The Leptospira spp. isolates exhibited individual growth

rates as demonstrated by variation in both the time to reach 4+
growth after subculturing and time for visible growth to appear
on LVW agar. Although the median time to reach 4+ growth
was 5 days, 21 isolates were fast growing taking 3 days and
two isolates were slow growing taking 12 days to reach 4+
growth. In addition, 18 isolates exhibited discernibly fainter
growthonLVWagar, evenwhenmeasuring zonesonday13of
incubation. Given the possibility of inoculum concentration
variability, it cannot be determined if the faint growth observed
was due to low inoculum concentration or slow isolate growth
rate.

FIGURE 2. Median zonesof inhibition (mm) producedby Leptospira spp. isolates to six antimicrobials on LeptospiraVanapornWuthiekanun agar.
The box indicates interquartile rangewithmedian and bars indicateminimumandmaximum values. The interquartile range, median, andmaximum
zone of azithromycin lie on the same value.

FIGURE 3. Difficult tomeasure zones of inhibition of Leptospira spp.
isolates on Leptospira Vanaporn Wuthiekanun agar. (A) Zone that is
not perfectly round. (B) Zone that does not extend to a full circle. (C)
Multiple zones. This figure appears in color at www.ajtmh.org.
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Contamination, the source of which was unclear, was a
problem throughout the study although zones could still
usually be read. The long duration of incubation meant that
contamination was more problematic than in the testing of
more rapidly growing pathogens. Most isolates could only be
tested once because of resource constraints.
Our data highlight that although antimicrobial susceptibility

testing of Leptospira spp. is challenging and a suitable con-
sensus methodology is required,12 the use of disk diffusion
assays on LVW agar suggest that clinical Leptospira spp.
isolates in Laos remain susceptible to standard antimicrobial
therapy. These results are consistent with the limited body
ofevidenceofLeptospiraspp.susceptibilityusingbrothmacro-and
micro-dilution,which also suggest a lackof leptospire resistance to
commonly prescribed antimicrobials.6,7,12,14–17,19–23,32,33 This may
be related to the fact that the normal reservoirs of leptospires
are environmental sources and wildlife, which generally have
minimal selective pressure from antimicrobials, unless they
are associated with sewage outlets or watercourses where
antimicrobial residues may be found.33 There are thus no
implications from this study that empirical or definitive
treatment strategies for leptospirosis in Laos need to be
modified.

Received November 30, 2018. Accepted for publication February 3,
2019.

Published online March 18, 2019.

Note: Supplemental material appears at www.ajtmh.org.

Acknowledgments:Wearegrateful to thestaff of Lao-OxfordMahosot
Hospital Research Unit for their support throughout the study. We
would also like to thank the directors and staff of Mahosot Hospital,
especially of theMicrobiology Laboratory.With thanks also toRichard
Stabler and JonCuccui of the LondonSchool of Hygiene and Tropical
Medicine for their support.

Financial support: This studywas supported by theWellcome Trust of
Great Britain and the London School of Hygiene and Tropical Medi-
cine. D. A. B. D., P. N. N., and M. T. R. are supported by theWellcome
Trust of Great Britain.

Authors’ addresses: Jennifer Boss, Faculty of Infectious and Tropical
Diseases, London School of Hygiene and Tropical Medicine, London,
United Kingdom, E-mail: jboss3@uwo.ca. David A. B. Dance, Anisone
Chanthongthip, Paul N. Newton, and Matthew T. Robinson, Lao-
Oxford-Mahosot Hospital-WellcomeTrust ResearchUnit (LOMWRU),
Microbiology Laboratory, Mahosot Hospital, Vientiane, Lao People’s
Democratic Republic, E-mails: david.d@tropmedres.ac, anisone@
tropmedres.ac, paul.newton@tropmedres.ac, and matthew.r@
tropmedres.ac. Vanaporn Wuthiekanun, Mahidol Oxford Tropical

Medicine Research Unit (MORU), Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand, E-mail: lek@tropmedres.ac.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Pappas G, Papadimitriou P, Siozopoulou V, Christou L, Akritidis
N, 2008. The globalization of leptospirosis: worldwide in-
cidence trends. Int J Infect Dis 12: 351–367.

2. Lau C, Smythe L, Weinstein P, 2010. Leptospirosis: an emerging
disease in travellers. Travel Med Infect Dis 8: 33–39.

3. WHO, 2003. Human leptospirosis: guidance for diagnosis, sur-
veillance and control. WHO Libr 45: 1–109.

4. Plank R, Dean D, 2000. Overview of the epidemiology, microbi-
ology, and pathogenesis of Leptospira spp. in humans. Mi-
crobes Infect 2: 1265–1276.

5. Taylor AJ, Paris DH, Newton PN, 2015. A systematic review of the
mortality from untreated leptospirosis. PLoS Negl Trop Dis 9:
1–19.

6. Ressner RA, Griffith ME, Beckius ML, Pimentel G, Miller RS,
Mende K, Fraser SL, Galloway RL, Hospenthal DR, Murray CK,
2008. Antimicrobial susceptibilities of geographically diverse
clinical human isolates of Leptospira. Antimicrob Agents Che-
mother 52: 2750–2754.

7. Griffith ME, Hospenthal DR, Murray CK, 2006. Antimicrobial
therapy of leptospirosis. Curr Opin Infect Dis 19: 533–537.

8. Mayxay M et al., 2013. Causes of non-malarial fever in Laos: a
prospective study. Lancet Glob Heal 1: e46–e54.

9. Doern G, 2011. Antimicrobial susceptibility testing. J Clin Micro-
biol 49: S4.

10. Wuthiekanun V et al., 2013. Rapid isolation and susceptibility
testing of Leptospira spp. using a newsolidmedium, LVWagar.
Antimicrob Agents Chemother 57: 297–302.

11. Levett PN, 2001. Leptospirosis. Clin Microbiol Rev 14: 296–326.
12. Trott DJ, Abraham S, Adler B, 2018. Antimicrobial resistance in

Leptospira, Brucella, and other rarely investigated veterinary
and zoonotic pathogens. Microbiol Spectr 6: ARBA-0029-
2017.

13. Evangelista K, Coburn J, 2010. Leptospira as an emerging path-
ogen: a review of its biology, pathogenesis and host immune
responses. Future Microbiol 5: 1413–1425.

14. Moreno LZ, Miraglia F, LilenbaumW, Neto JS, Freitas JC, Morais
ZM,Hartskeerl RA, daCostaBL, VasconcellosSA,MorenoAM,
2016. Profiling of Leptospira interrogans, L. santarosai,
L. meyeri and L. borgpetersenii by SE-AFLP, PFGE and sus-
ceptibility testing–a continuous attempt at species and serovar
differentiation. Emerg Microbes Infect 5: e17.

15. Niwattayakul K, Kaewtasi S, Chueasuwanchai S, Hoontrakul S,
Chareonwat S, Suttinont C, Phimda K, Chierakul W,
Silpasakorn S, Suputtamongkol Y, 2010. An open randomized
controlled trial of desmopressin and pulse dexamethasone as

TABLE 3
Zones of inhibition (mm) produced by repeat disk diffusion testing of four Leptospira spp. isolates on Leptospira Vanaporn Wuthiekanun agar

Isolate code Test Growth control Azithromycin Ceftriaxone Ciprofloxacin Doxycycline Gentamicin Penicillin G Time (days) to 4+ growth

LNT3110 1 + 85 75 60* 61† 38 77 4
2 +† 85 75 Widespread contamination 63 35 75* 3

LNT2714 1 + 78* 40 55 49† 28 60 4
2 + 85 65 69 65 36 65 3

UI27257 1 + 85 50 61 45 30 53 3
2 + 85 84 75 60 38 66 3

FS3849 1 + 85† 58 55 50 27 54 4
2 + 70* 47 53*† 43 31 62† 9
3 +† 85 65 72 50 35 75 3

Also included is the time to reach 4+ growth following subculturing. Growth on the control plate without an antimicrobial disk is indicated by a plus (+) sign.
* Zone difficult to measure.
† Surface contamination.

LEPTOSPIRA SPP. DISK DIFFUSION 1077

http://www.ajtmh.org.
mailto:jboss3@uwo.ca
mailto:david.d@tropmedres.ac
mailto:anisone@tropmedres.ac
mailto:anisone@tropmedres.ac
mailto:paul.newton@tropmedres.ac
mailto:matthew.r@tropmedres.ac
mailto:matthew.r@tropmedres.ac
mailto:lek@tropmedres.ac
http://creativecommons.org/licenses/by/4.0/


adjunct therapy in patients with pulmonary involvement asso-
ciated with severe leptospirosis. Clin Microbiol Infect 16:
1207–1212.

16. Watt G, Linda Tuazon M, Santiago E, Padre LP, Calubaquib C,
Ranoa CP, Laughlin LW, 1988. Placebo-controlled trial of in-
travenous penicillin for severe and late leptospirosis. Lancet
331: 433–435.

17. Phimda K et al., 2007. Doxycycline versus azithromycin for
treatmentof leptospirosis andscrub typhus.AntimicrobAgents
Chemother 51: 3259–3263.

18. Charan J, Saxena D,Mulla S, 2012. Prophylaxis and treatment for
leptospirosis: where are the evidences? Natl J Physiol Pharm
Pharmacol 2: 78–83.

19. Oie S, Hironaga K, Koshiro A, Konishi H, Yoshii Z, 1983. In vitro
susceptibilities of five Leptospira strains to 16 antimicrobial
agents. Antimicrob Agents Chemother 24: 905–908.

20. Hospenthal DR,MurrayCK, 2003. In vitro susceptibilities of seven
Leptospira species to traditional and newer antibiotics. Lancet
47: 2646–2648.

21. Murray CK, Hospenthal DR, 2004. Determination of susceptibili-
ties of 26 Leptospira sp. serovars to 24 antimicrobial agents by
a brothmicrodilution technique.Antimicrob AgentsChemother
48: 4002–4005.

22. Suepaul SM, Carrington C, Campbell M, Borde G, Adesiyun AA,
2015. Antimicrobial susceptibility of Leptospira isolates from
dogs and rats to 12 antimicrobial agents. Trop Biomed 32:
1–10.

23. Harris BM, Blatz PJ, Hinkle MK, McCall S, Beckius ML, Mende K,
Robertson JL, Griffith ME,Murray CK, Hospenthal DR, 2011. In
vitro and in vivo activity of first generation cephalosporins
against Leptospira. Am J Trop Med Hyg 85: 905–908.

24. Wuthiekanun V, Amornchai P, Langla S, White NJ, Day NP,
Limmathurotsakul D, Peacock SJ, 2015. Antimicrobial disk

susceptibility testing of Leptospira spp. using Leptospira
Vanaporn Wuthiekanun (LVW) agar. Am J Trop Med Hyg
93: 241–243.

25. Newton PN, 2010. A review: leptospirosis. Lao Med J 10: 14–22.
26. L’Institut de la Francophonie pour la Medicine Tropicale, 2002.

Diagnostic and Treatment Guidelines for Tropical Diseases in Laos
(Published in French for the Lao People’s Democratic Republic
Ministry of Health), Vientiane, Laos: Funded by the World Health
Organization and Japan International Cooperation Agency.

27. Lao People’s Democratic Republic Ministry of Health, 2012.
Standard Treatment Guideline for Leptospirosis in Laos. Vien-
tiane, Laos: Lao PDR Ministry of Health.

28. CLSI, 2017. Performance Standards for Antimicrobial Suscepti-
bility Testing. 28th ad. CLSI supplement M100. Wayne, PA:
Clinical and Laboratory Standards Institute.

29. Devaux DL, Evans GL, Arndt CW, Janda WM, 1987. Comparison
of the Gono-Pak system with the candle extinction jar for re-
covery ofNeisseria gonorrhoeae. J Clin Microbiol 25: 571–572.

30. Wuthiekanun V,White NJ, Amornchai P, DayNP, Limmathurotsakul
D, 2016.Quality controls for antimicrobial disk diffusion testing on
Leptospira Vanaporn Wuthiekanun agar. Trans R Soc Trop Med
Hyg 110: 673–675.

31. Murray CK, Ellis MW, Hospenthal DR, 2004. Susceptibility of
Leptospira serovars to antimalarial agents. Am J Trop Med
Hyg 71: 685–686.

32. Raptis L, Pappas G, Akritidis N, 2006. Use of ceftriaxone in pa-
tients with severe leptospirosis. Int J Antimicrob Agents 28:
259–261.

33. Panaphut T, Domrongkitchaiporn S, Vibhagool A, Thinkamrop B,
Susaengrat W, 2003. Ceftriaxone compared with sodium
penicillin G for treatment of severe leptospirosis. Clin Infect
Dis 36: 1507–1513.

1078 BOSS AND OTHERS


