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Our reply supplies supplementary
clinical and laboratory findings that
could be useful for discussion.
During our patient’s hospitalization, we were able to investigate
6/8 diagnostic criteria for HLH
proposed by the Histiocyte Society
(3). Of these, only 2 or 3 were
found: persistent fever at 38.5°C;
hypertriglyceridemia at 267 mg/dL
(analysis performed at day 7); and
cytopenias, which preferentially
affected erythrocytes and lymphocytes.
(Thrombocytopenia
was
moderate at >100 × 109 platelets/L,
and no neutropenia was found
[>2 × 109 neutrophils/L].) Liver
function was not affected; no
hepatomegaly was found, and
alanine aminotransferase, aspartate
aminotransferase, and bilirubin levels
remained within reference ranges.
Physical examinations did not detect
splenomegaly, and laboratory findings
did not show hypofibrinogenemia or
ferritin level exceeding 500 ng/mL.
A bone marrow biopsy performed on
day 2 of hospitalization did not show
hemophagocytosis. Studies of natural
killer cell function and soluble CD25,
which are also proposed diagnostic
criteria for HLH, were not performed.
Overall, we found that the
arguments in favor of HLH were too
limited to consider this diagnosis
and initiate an aggressive therapeutic
approach based on immunosuppressive
drugs. Even if, in the event of HLH,
an early and appropriate treatment can
be life-saving, the destruction of the
remaining immune functions might
also be lethal for the patient.
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Contaminated Soil
and Transmission
of Influenza Virus
(H5N1)
To the Editor: Highly pathogenic
avian influenza (HPAI) virus (H5N1)
has been responsible for 603
confirmed human cases worldwide,
including 356 that resulted in death,
and for >7,000 epizootic outbreaks
(1,2). Direct contact between hosts is
the main mechanism of transmission
for avian influenza viruses, but the
possible role of the environment
as a source of HPAI virus (H5N1)
infection has been rarely studied,
particularly in the context of
countries where the virus is enzootic
or epizootic (3–7). To determine if
contaminated soil contributes to the
transmission cycle of HPAI virus
(H5N1), we used experimental and
simulated field conditions to assess
possible transmission in chickens.

All experiments were conducted
by using HPAI virus (H5N1) strain
A/chicken/Cambodia/LC1AL/2007
(GenBank accession nos. HQ200574–
HQ200581). All animal experiments
were conducted in the biosafety level
3 laboratory of Institut Pasteur in
Cambodia (IPC), in compliance with
the European Community 86/609/
CEE directive and approved by the
Animal Ethics Committee of IPC
(permit: AEC/IPC/003/2010). Specific
pathogen–free (SPF) chickens were
provided by the National Veterinary
Research Institute of Cambodia.
We used 3 types of soil: 1)
sandy topsoil collected from around
rice fields in Phnom Penh Province,
Cambodia; 2) building sand purchased
from a local building company; and 3)
soil-based compost purchased from a
local tree nursery. Physicochemical
and microbiologic parameters were
measured for water extracts obtained
for each type of soil (online Technical
Appendix Table, www.cdcnc.gov/
EID/pdfs/12-0402-Techapp.pdf), and
low- and high-dose contamination
protocols (online Technical Appendix
Figure) were used to experimentally
contaminate each soil type. In brief,
we seeded the soil samples with 1–56
infectious units of contaminated
feces; 1 infectious unit was defined
as 1 g feces from an SPF duck mixed
with 1 × 107.8 50% egg infective dose
of HPAI virus (H5N1) particles. The
contaminated soil was then sprinkled
on the bottom of an isolator (surface
area 0.2 m2) in which the chickens
were housed. Oropharyngeal and
cloacal swab samples and feathers
were collected daily from the chickens
and underwent quantitative reverse
transcription PCR (qRT-PCR) testing
targeting the H5 hemagglutinin gene
(8). Surviving birds were killed
humanely at the end of the experiments,
and postmortem examination and
collection of serum and organ samples
were conducted on all animals. Organ
samples were tested by using qRTPCR, and serum samples were tested
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by using hemagglutination inhibition
assay (9).
No clinical symptoms, deaths,
or seroconversion for HPAI virus
(H5N1) were observed in chickens
exposed to contaminated sandy
topsoil, regardless of the dose protocol
used (Table). However, for building
sand and soil-based compost, the highdose contamination protocol, starting
with 8 infectious units, resulted in a
100% mortality rate by day 4. Lowdose protocols, starting at 1 infectious
unit, resulted in survival of all birds
at day 24, with no clinical symptoms
and no virus detected in the samples
collected postmortem. However,
seroconversion for HPAI virus (H5N1)
was observed in 33% and 50% of the
chickens exposed to building sand and
compost, respectively (Table).
Soil-based compost and building
sand, although existing in natural
settings, are not the most common
substrates found in places where
free-ranging poultry are raised in
Cambodia. Therefore, despite the high
mortality rate observed in our study
after exposure to highly contaminated
soils, the role of these soil types in
transmission of HPAI virus (H5N1)
infection to poultry or other species,
including humans, appears limited
when replaced in actual epizootic or
enzootic field conditions. Our results

also show that exposure of chickens
to moderately contaminated soil
may result in a protective immune
response.
Sandy topsoil, on the other hand,
did not allow any transmission of HPAI
virus (H5N1) from the environment
to chickens. This type of soil, which
covers ≈40% of the rice-growing areas
of Cambodia (10) and is abundant in
neighboring countries of the Mekong
region, is the most common ground
on which local poultry are found
wandering and the typical soil found
at the sites of HPAI virus (H5N1)
outbreaks. This sandy topsoil is acidic
and poorly buffered, which explains
the differences observed between our
indirect pH measures and the direct
measures reported in specialized
literature (10). The soil’s low pH may
inactivate enveloped viral particles,
as well as bacteria (online Technical
Appendix Table).
In Cambodia, as in several
other countries affected by HPAI
virus (H5N1), decontamination of
the environment after an outbreak
is recommended by authorities; for
example, disinfectants such as cresols
are sprayed over environmental
surfaces. However, because of
resource limitations, only limited areas
can be treated. Our results provide
evidence that, even when abundantly

Table. Clinical, virologic, and serologic results obtained from chickens exposed to soils
experimentally contaminated with influenza virus (H5N1)*
Sandy topsoil
Soil-based
Protocol
(rice fields)
Building sand
compost
Low-dose contamination
Clinical signs
Mortality rate
Virus in postmortem samples
Seroconversion rate
High-dose contamination

None
None
NA
None

None
None
NA
33% at day 24

None
None
NA
50% at day 24

Clinical signs
Mortality rate
Virus in postmortem samples
Seroconversion rate

None
None
NA
None

None
100% by day 4
Yes
NA

None
100% by day 4
Yes
NA

*Low-dose contamination protocol, exposure of the chickens to soil inoculated with 1 infectious unit
on day 0, 2 on day 6, 4 on day 12, and 8 on day 18. High-dose contamination protocol, exposure of
the chickens to soil inoculated with 8 infectious units on day 0, 12 on day 6, 16 on day 12, and 20 on
day 18. In each experiment, 10–20 chickens were exposed to contaminated soils. Each experiment
was repeated twice. For each experiment, a control group was established (same number of
chickens exposed to noncontaminated soils; no deaths were observed in control groups). NA, not
applicable.

contaminated, some soil types are
unlikely to allow transmission of the
virus to poultry and, consequently,
probably not to other animals or to
humans. These results suggest that
limited resources could be better
concentrated in high-risk areas, where
the nature of the soils would be more
likely to lead to poultry infection after
natural contamination. These data may
aid in the design of more cost-effective
and solid-based decontamination
measures for preventing transmission
of HPAI virus (H5N1) to humans and
animals.
This work was supported by the Office
of the Assistant Secretary for Preparedness
and Response of the US Department of
Health and Human Services.

Ramona A. Gutiérrez
and Philippe Buchy
Author affiliation: Institut Pasteur
Cambodia, Phnom Penh, Cambodia

in

DOI: http://dx.doi.org/10.3201/eid1809.120402

References
1.

World Organisation for Animal Health.
Outbreaks of highly pathogenic avian
influenza (subtype H5N1) in poultry—
from the end of 2003 to 7 May 2012
[cited 2012 May 24]. http://www.oie.int/
fileadmin/Home/eng/Animal_Health_
in_the_World/docs/pdf/graph_avian_
influenza/graphs_HPAI_07_05_2012.pdf
2. World Health Organization. Cumulative
number of confirmed human cases for
avian influenza A(H5N1) reported to
WHO, 2003–2012—as of 02 May 2012
[cited 2012 May 24]. http://www.who.
int/influenza/human_animal_interface/
EN_GIP_20120502CumulativeNumber
H5N1cases.pdf
3. Horm SV, Gutiérrez RA, Sorn S, Buchy
P. Environment: a potential source
of animal and human infection with
influenza A (H5N1) virus. Influenza
Other Respi Viruses. 2012. Epub ahead
of print. http://dx.doi.org/10.1111/j.7502659.012.00338.x
4. Indriani R, Samaan G, Gultom A, Loth L,
Indryani S, Adjid R, et al. Environmental
sampling for avian influenza virus A
(H5N1) in live-bird markets, Indonesia.
Emerg Infect Dis. 2010;16:1889–95.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 9, September 2012

1531

LETTERS

5.

Leung YHC, Zhang L-J, Chow C-K,
Tsang C-L, Ng C-F, Wong C-K, et
al. Poultry drinking water for avian
influenza surveillance. Emerg Infect
Dis.
2007;13:1380–2.
http://dx.doi.
org/10.3201/eid1309.070517
6. Stallknecht DE, Goekjian VH, Wilcox
BR, Poulson RL, Brown JD. Avian
influenza virus in aquatic habitats:
what do we need to learn? Avian Dis.
2010;54(Suppl):461–5.
http://dx.doi.
org/10.1637/8760-033109-Reg.1
7. Vong S, Ly S, Mardy S, Holl D, Buchy
P. Environmental contamination during
influenza A virus (H5N1) outbreaks,
Cambodia,
2006.
Emerg
Infect
Dis.
2008;14:1303–5.
http://dx.doi.
org/10.3201/eid1408.070912
8. World
Health
Organization.
Recommendations
and
laboratory
procedures for detection of avian influenza
A(H5N1) virus in specimens from
suspected human cases. Revised August
2007 [cited 2012 Jan 16]. http://www.
who.int/influenza/resources/documents/
RecAIlabtestsAug07.pdf
9. World Organisation for Animal Health.
Manual of diagnostics tests and vaccines
for terrestrial animals 2010. Chapter 2.3.4:
avian influenza [cited 2012 Jan 16]. http://
www.oie.int/fileadmin/Home/eng/Health_
standards/tahm/2.03.04_AI.pdf
10. Nesbitt HJ. Rice production in Cambodia.
Manila: International Rice Research
Institute; 1997.
Address for correspondence: Philippe Buchy,
Institut Pasteur in Cambodia, Virology Unit, 5
Monivong Blvd, PO Box 983, 12152 Phnom
Penh, Cambodia; email: pbuchy@pasteur-kh.
org

1532

Rickettsia
raoultii–like
Bacteria in
Dermacentor spp.
Ticks, Tibet, China
To the Editor: Rickettsia raoultii
is an obligate intracellular gramnegative bacterium belonging to the
spotted fever group (SFG) of the
genus Rickettsia. Genotypes RpA4,
DnS14, and DnS28, originally isolated
from ticks from Russia in 1999 (1),
were designated as Rickettsia raoultii
sp. nov. on the basis of phylogenetic
analysis (2). R. raoultii has been found
mainly in Dermacentor spp. ticks in
several countries in Europe (3). It was
detected in a Dermacentor marginatus
tick from the scalp of a patient with
tick-borne lymphadenitis in France
(2), which suggests that it might be a
zoonotic pathogen. We determined the
prevalence of R. raoultii–like bacteria
in Dermacentor spp. in highland
regions in Tibet.
Ticks from sheep (Ovis aries)
near Namuco Lake (a popular tourist
destination 4,718 m above sea
level) were collected and identified
morphologically as D. everestianus and
D. niveus ticks (4). Genomic DNA was
extracted from individual specimens
by using the QIAamp DNA Mini Kit
(QIAGEN, Hilden, Germany). All
DNA samples were amplified by using
PCRs specific for the citrate synthase
(gltA, 770 bp) gene (5) and the outer
membrane protein A (ompA, 629 bp)
gene (6). Some samples were amplified
by using a PCR specific for the ompB
(2,479 bp) gene (7).
Randomly selected amplicons
for gltA (n = 27), ompA (n = 31),
and ompB (n = 7) were cloned into
the pGEM-T Easy vector (Promega,
Shanghai, China) and subjected to
bidirectional sequencing (Sangon
Biotech, Shanghai, China). Sequences
obtained were deposited in GenBank
under accession nos. JQ792101–
JQ792105, JQ792107, and JQ792108–

JQ792166. Phylogenetic analysis was
conducted for sequences we identified
and sequences of recognized SFG
rickettsial species available in
Genbank by using the MegAlign
program (DNASTAR, Inc., Madison,
WI, USA) and MEGA 4.0 (8).
Of 874 tick specimens, 86 were
D. everestianus ticks (13 male and 73
female), and 788 were D. niveus ticks
(133 male and 655 female). Samples
positive for gltA and ompA were
considered SFG rickettsial species.
Using this criterion, we found that
739 tick specimens (84.6%) were
positive for Rickettsia spp. Of 86 D.
everestianus ticks, 85 (98.8%) were
positive for Rickettsia spp. and of 788
D. niveus ticks, 654 (83.0%) were
positive. Infection rates for male and
female D. niveus ticks were 87.9%
and 82.1%, respectively. We found
an overall prevalence of 84.6% for R.
raoultii–like bacteria in Dermacentor
spp. in the highland regions in Tibet.
Nucleotide sequence identities
ranged from 99.2% to 100% (except
for isolate WYG55, which had an
identity of 98.6%) for the ompA gene
and from 99.2% to 99.9% (except for
isolate XG86, which had an identity
of 98.5%) for the ompB gene. These
results indicated that homology levels
of most isolates were within species
thresholds (ompA ≈98.8% and ompB
≈99.2%) (9). Isolate WYG55 showed
the lowest identity (98.2%) among
gltA gene sequences and the lowest
identity (98.6%) among ompA gene
sequences. Isolate XG86 showed
lowest identity (98.5%) among ompB
gene sequences. These results suggest
that other Rickettsia spp. were among
the investigated samples.
A BLASTn search (www.
ncbi.nlm.nih.gov/) for the obtained
sequences was conducted. The best
matches (highest identities) detected
were with sequences of R. raoultii.
However, comparison of our sequences
with corresponding sequences of R.
raoultii in GenBank showed identity
ranging from 98.0% to 99.0% for
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Contaminated Soil and Transmission of
Influenza Virus (H5N1)
Technical Appendix
Technical Appendix Table. Physico-chemical and bacteriological parameters measured in the soils tested
Sandy topsoil
Building
(rice fields)
sand
2
4
Total aerobic plate count at 37°C, 24h (CFU/mL)
2.00 10
8.00 10
2
4
Total aerobic plate count at 22°C, 72h (CFU/mL)
6.00 10
9.00 10
6
Total Coliforms (CFU/100mL)
30
3.00 10
Microbiological
6
Thermotolerant Coliforms (CFU/100mL)
10
1.00 10
analysis
2
Escherichia coli (CFU/100mL)
<1
5.00 10
2
Enterococcus faecalis (CFU/100mL)
<1
2.00 10
2
Sulfite reducing anaerobes (CFU/20mL)
4
6.00 10
Turbidity (NTU)
>100
>100
pH
6.4
6.3
Chloride (mg/L)
76
41
Physico-chemical
Ammonia (mg/L)
0.88
0.35
analysis
Nitrite (mg/L)
0
0
Nitrate (mg/L
1.6
0.22
Hardness (mg/L)
7
11
Iron (mg/L)
0
0
All analyses were conducted on water extracts obtained from mixing the soils with distilled water.

Soil-based
compost
5
2.00 10
5
3.40 10
6
7.20 10
6
4.00 10
4
1.70 10
3
2.30 10
3
5.00 10
>100
6.3
42
1.61
0
0.46
9
0

Technical Appendix Figure. Low- and high-dose contamination procotols. IU: Infectious Unit = 1g of
Specific Pathogen Free ducks feces, experimentally contaminated with 107.8 Egg Infective Dose 50%
(EID50). D: Day.
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