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Development of a Method for Detecting Coxiella burnetii in Cheese

Samples

Coxiella burnetii is an obligate intracellular bacterium and the
causative agent of Q fever. It affects a variety of arthropods, birds
and mammals and is found worldwide, except in New Zealand. Q
fever manifests as either acute or chronic illness in humans. The
acute disease 1s usually a flu-like, self-limiting illness that 1s
accompanied by fever, headache and myalgia. Chronic disease occurs
in approximately 1%—-3% of patients ; endocarditis and hepatitis are
the most frequently seen manifestations.

The most common source of infection in humans is the inhalation
of aerosols contaminated with C. burnetii. Infected animals such as
goats, sheep, cattle, dogs and cats excrete high concentrations of C.
burnetii in their urine, feces, milk and birth products. The sources of
Q fever outbreaks recently occurred in the Netherlands are though to
be dairy goats and sheep farms.

The consumption of contaminated raw milk and other dairy
products has also been proposed as a route of human infection.
Several epidemiological studies suggest that the consumption of
dairy products was a potential source of Q fever outbreaks in France,
Newfoundland and Greece. C. burnetii is very stable in the
environment; hence, dairy products made from unpasteurized milk
are a potential source of human infection. However, few studies have
investigated the presence of C. burnmetir in cheese. Therefore, this
study aimed to develop a method for detecting C. burnetii in cheese
samples and determine the presence of C. burnetirin cheeses that are

available in commercial markets. The method and results are



summarized below:

1) As C. burnetii cannot be cultured artificially, nested PCR was used
as a screening method for detecting the organisms. A novel method
of extracting C. burnetii DNA from cheese, which could be used in
nested PCR, was developed. Three types of cheese (i.e., soft,
semihard and hard) were used to optimize the screening conditions.
To determine the optimal melting temperature, cheeses were
incubated with PBS at 45°C, 50°C and 56°C and then homogenized
by a stomacher. Small amounts of solid substance remained in hard
cheeses at 45°C and 50°C ; hence, 56°C was selected as the melting
temperature.

2) The effective separation of fat and protein from the homogenate
was examined by centrifugation at 900 x gand 400 X gat 4°C. The
fat had solidified due to the low temperature (4°C) during
centrifugation; hence, the fat was easy to separate. The average
volumes of the aqueous layers were 14.8 ml and 14.5 ml at 900 X g
and 400 X g, respectively. The aqueous layer at 900 X gwas greater
than that at 400 x g. The aqueous layers was then transferred to
new tubes and centrifuged at 22,000 X g. The average pellet weight
(0.53 g) at 900 X g was lower than that (0.68 g) at 400 x g
Therefore, a centrifugal force of 900 X g was adopted.

3) To optimize the re-extraction step, residual fat and protein were
examined as described above. The melting conditions were
identical for all 3 types of cheese. The average volumes of the
aqueous layers recovered at 900 x g did not differ from that
recovered at 400 x g after centrifuging for re-extraction. However,

the pellet weights were too small to measure.



4) DNA was extracted as described previously with some
modifications to enable efficient extraction from cheese pellets.
Each pellet was resuspended in PBS, and SDS, proteinase K and
glycogen were subsequently added. The mixture was incubated at
56°C for 1 h. Sodium iodide solution and isopropanol were added to
the mixture to pellet the DNA. The DNA pellet was then washed
twice with 70% ethanol and dried. The dried pellet was dissolved in
50 ul distilled water, and the DNA was used as a template. A new
DNA extraction method from cheese was developed on the basis of
these results. C. burnetii DNA was detected by nested PCR
targeting the com 1, htp-B and icd genes. The result was considered
positive if all 3 target genes were successfully amplified.

5) C. burnetii Nine Mile phase II was inoculated in a Buffalo green
monkey (BGM) cell culture and incubated in a COgz incubator for
7-10 days. After the medium was collected, C. burnetii particles
were removed from the BGM cells by low-gravity centrifugation
and washed twice with PBS. After the final centrifugation, pelleted
C. burnetii was resuspended in a formalin-saline solution for
disinfection. Thereafter, the disinfected C. burnetii was washed
with and resuspended in PBS. (. burnetii was quantified as
particles/ml. The samples were then frozen at -80°C until use.

6) A 10-fold dilution series of C. burnetii particles were spiked into
semihard-type cheese. The DNA was extracted as described above
to determine the detection limit. The samples spiked with 6.0 x 102
particles/g were found to be positive for all 3 target genes;
therefore, this was determined to be the detection limit of the

method.

7) A total of 147 cheese samples were collected from commercial



markets in the Tokyo Metropolitan area from dJune 2005 to
December 2008. The samples included 96 natural cheeses made
from pasteurized milk, 41 natural cheeses made from
unpasteurized raw milk, and 10 processed cheeses. One hundred
seventeen samples were imported products, chiefly from France,
Italy and Switzerland; whereas, 30 were domestic products. Of the
147 examined cheese samples, 28 (19.0%) were positive for C
burnetii DNA. Positive samples included 20 (20.8%), 7 (17.1%) and
1 (10.0%) of the 96 natural, 41 raw milk and 10 processed cheese,
respectively.

8) The amplified PCR products were purified and sequenced. The
sequence data were aligned using ClustalW. Differences in the gene
sequences were not found in the successfully sequenced samples.
The only exception was at position 745 of the icd gene, where
guanine in the Nine Mile strain was substituted with adenine in all
of the sequenced samples.

9) The viability of C. burnetii in the 28 PCR-positive samples was
assessed by inoculation into immunosuppressed mice. Three weeks
after inoculation, DNA from the mouse spleen was extracted and
the spleen stamp was examined. All samples tested by PCR and

microscopic examination were found to be negative.

In conclusion, we developed a PCR-based method for effectively
separating the protein and fat in cheese by optimizing the conditions
of each step. PCR-based methods have already been developed for
detecting C. burnetii DNA in milk, eggs and mayonnaise. The
detection limit reported herein (6.0 x 102 particles/g) is similar to

that reported in milk, eggs and mayonnaise. Among the examined



commercial cheese samples, 19% were positive for C. burnetii DNA.
Furthermore, 20% of the domestic cheese samples and 7 raw milk
cheeses from France and Italy were positive in the PCR test. C.
burnetii viability was examined in PCR-positive samples; however,
all samples were negative. Although C. burnetii appears to have lost
its viability in these cheeses, our study is limited by its small sample
size. Therefore, the significance of the oral route of infection remains
controversial. Further studies are required to determine the risk of C.
burnetii infection via the oral route. The method presented herein is
a useful tool for determining the presence of C. burnetii DNA in

cheese samples for the purpose of food hygiene.
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Coxiella burnetii ZRMEMBANEFAEMETH Y, v M
MRETHD QREFERIT. AERF=2—V—FV FEK

TR PIIHALTEY, BE, BEHD, HE, v &4 =5
FELTVD. QBADOHFEICIIEER, HTARABREOS I ALz
RERZETLH28H QEE, 026 1~3%DEENRIET S

FQEANDHY, BHEQBLZEETHIELARRSLHAZEL
THRARARTH D.

KEOE h~DBERKBITIFEIIRK[ERETH D . KEIC KGR
Lizev ¥, VY, DR EDER, A Xxagfoar =
FrT=wdE, R, BEE, LALHEROKRE - FKEOFITK

EOAEZHE L CRELXZFLETH> . AFHTIREST CEHBART
TEBHZ e, B ELICRAICEES ETFoNTEARAEN TR %

ML TE NIRRT D, EFELFT VX TRELE QRT T NI
VA7, BEAYFLERSEPRERREEESATWVD

— 5, AACHHKICIABORELIBEINTEY, 7T
A, AFFBIFY Yy TRALEZQAT U N T LA 7 Tik
FTNFNEREZEACAHS, YPXATF—XHDH5WITHEME TE
RENTZF—ADOBEBRAZAENELEFRLEEESNAL TS LML
RNL, KEORABRPIZE L TERIEAALZALEZ L, FA
HMEOARBEBRIZOVWTHLRAEREZIFLAEES ERBITITH
ThbH. FIT, KEICLI2A BB OB RRRICET 5 AT
LT, ZBOZ VR IBLEV2ELBRENRETH DT —
ANbDOAEBREFELZRE L. £, BB LEZFEEB W
HIRF—XOFEREERERAN, UTOBEREZEL.

1)C burnetii |ZIEH CHEE TE R WD, F— X 6 EE DNA
PHH LAREICEREN REBELR T2 PCRI ETRHRET H EG F#&



Bx, A7V —=v 7 BRHEELTHWSZEELE. BRI
FURTEEIEMERELEKRE BT D HIEEREI L. Y
TR, EIN—PFBIOA—FO3 XA TDF—XEFEAL,
% F— X 10g & PBS20ml # /%, 45°C, 50CE LV 56CT
MBAB A~y XL 7L, F—XOBMBYEEZBRIT L. O
R, "—FEZATF =X, 45CH D\ 50CHE TiT—H
B REDN, 6 CMATIIEZRIZEMRT A ENHEBEL,
TMBAREICIX 6 CEBRAT A L & L.
2)RIZ, FUNVBEEOERS LB E2BRET S HIEICOWD
T, KB RERELEZRFTLE. 2A %2 900 xgdh D\ i 400
Xg T2040 M 4CIZTELL, KB (FHE) 20WMLTEE
ZEFAIL, SBERWAERANT. B, F—XOEKHIX 4CoO
BETCTEBICELL, BRECKBLEODHBAETH- 2. £
B LT KEOREIL 900 xg T 14.8 mI([EIULER 74.2%),
400 xg T 14.5 ml (EILEK 72.6%) TH Y, 900 xg D [E UL K
BRRLBVEE THoT. LT, TNLENLDOKEZ 22,000
Xg T 20 oM 4CTELL, (WEOEER LB L. 900 xg
WO UTAKBN S OLEIX 0.563g THY, 400 xgDKE
MODILEIX0.68g ThHhotln. UEDOHEF ML, 900 xg D=
DDOFRKBORBRENELS , FLEBEEEN P2V &L HH
Bk, REZELICHE 4C, 900 xg 2 BHATHZ L &L
7.
3)ELEEB AR LOEOBHMBIZOWT, EFREF
OB 2T, EMEERSICT PBS # BEM A MEE R
h~wyF U LR, 3FATETOF—ANETORET
L, 2RIV oz, Fiz, KL FHHEFIZ
PBS #* HEE4+ HEL AL, 900 xgdb DN 400 xg DKE T
ERRIROLNT, TLUEEEECLERTIB OO o 2.
U EEORSERESEIZ, F—A00EL L THEKE2EDHE
HESL L 1=



4) tRiEMNH D DNAHIH T, BEsRoBEELEICL T, F—X
DFERLICE»OHRENICHETCELLI>EELEL. WK%
PBS Iz H & ¥ L, SDS, proteinase K 3 X O glycogen % /1 2.
T 56°C1 RefilvE b L7z, WHib%, IRtk ST hY ovAa LA YT
AT A= EMATDNAZHHL, 70% T F LT L= —
TR, B L7t 50pl A AKICEMEL T DNA T VT
L— & LZ.PCRIEIWIZLD C burnetii DEME=FHBRHIZIL,
coml (HEIRFEY) 438bp), htp-B (MIREW 325bp) I L O ied
(HBIEPEY 370bp) L TN ENRRDIHLOEBELRF LS —T v
F& L7 nested PCRIEZ AV, 3EBERFETOHEEIHER
Nz arzBELtHETL L E L.

5) EHEE#E LT, C burnetii Nine Mile ¥k Z W\ 7=. XH
% BGM (Buffalo green monkey) 2% AW T, 7~10 B f#
COoA vFaN—F—THERK, HERELSBRL, EEELT
MBS 2R VW%, EFEESEELC L TCHEAZILE S L TH
L, A~ UMABREBEKCEREESETCARELLEL.
PBS T~ 7% PBSIKE®REL, BEZHB L REMARFE
T -80CTHRELE. ZORRIT, "M 477 1 bV
(BSL) 3 EBRENTEMRL .

6) MELE-BREEOREEEZRHY L. dom»L® C
burnetii WM TH I LEBALEEIAN—-FNI A TF—
X, EUEEMKE 1g %72V 6.0x 103, 6.0 x 102, 6.0 x 10! 3
FN6.0x 100FML CHRBBEELZITY, PCRIEICEL Y BREZE
o, BERESBRECOVTHRINLERER, 3ERFETH
WMIEShBELHELELDE, F—X 1g H72Y 6.0 x 102
PEmMLESAETHY, 6.0 x 10 IR L7Z#E TIX coml
EEF T 100%, htp-BiEfEF T 60%B & O fed BInF T 80%
B L RENEELREN 2. 2O &0 KBEEDR MK
EEiT 6.0 x 102/g & L7=.

7) AREESAEVT, EEHBATHRIATWEHART —X



147 BRIBIWZ DWW T C. burnetii DIFEYERLZFAE L. FAEH
113 2005 4F 6 A 225 2008 4F 12 A £ T, BT R EAL» > 1

BN T FaINVF—X 96 BmiE, £EEHIL»OHEINE
TF2ITNTF XAl BAEBLIO T e XF—X 10 BIETH
. FTo, 117 BEITWMA L, 30 REGEEMLTH D, FEE
REDORER, 28 B (19.0%) BB E 2ok, BEHIE,
BRELAPOREINTE T F2I40F—X 96 BiEF 20 HiE
(20.8%), REREANPOREENL T F2 IV F— X 41 Bi{E
7 BRK (17.1%) BE O Futv2F—2 10 HiEH 1 #BE
(10.0%) Thol. REENTIE, 77 X 16 REF 15 %
& (19.7%), BA 30BAEHF 6 Bk (20.0%) BLIRA XV 7T
148k TR (50.0%) TH 0, 4 b ORIKICIE C. burnetii
BRFOFEETDHIIEBHALNE o T2,

8) PCR THiE SN EREDWIIFRRBICY— 7 = AT %
Tholz. TORHE, SELEFETIKEBVWTIHRAEAM TOERIZ
BN roTz. WIZ, WMAERIZEHER L7z Nine Mile £k
CHE LR R, jed @ inF D 745 L2 Nine Mile 8 CTix 7' 7
= TCTHDIZOERL, RETIHEETT T =vThY, SEEMN
BOOLNT. JedBEBRBEFEIZEBLUIZHREFIZLNIE, 745 B
XN 1089 fric BT B AZE RN Nine Mile £ & Priscilla # %
AAAIEE L LTR Y, SEOHEMEIE Priscilla BRD 7 v — 7T
BT A2 ENBEALNE R, T, TNOLOFRRNL, §H
DAY Y —=V7FERR, RMEBRICEM L Nine Mile £
DFERICEPEBETERNI E BRI,

9) A7V —=V I/ REBETEHEHEE 2o 28BEICHO>VWT, W
HEFELERENSEHAZTH L C. burnetir D EFMHEZ A L
. ZokE, BEMOMBOLZDOMEBIREEL 50CEL L, &
BOREILEBAOB S Z & & L. &EOILEIL sucrose
phosphate glutamate iCBEHEIEL, VA 7073 A7 7 I FiZ
I aEMEHLEY L~ ADOBEENICEREL, 3EMEZIC



v UABRNTHBLEPEEZRITLE. TOFE, £TORBRIE
B~ ABIEHEAY O PCRBE TRME, BIBRZ Y TELE
FLAYPRE - HERLTHEERD AL >l b, C
burnetiilZ <~ U A{KNTHE L CWinetEzbh, A7 U —
SV BRRETICHRREE R EETFOLRELEL TV
bOLEZLONE. TOEFHEERRRIT, Yt i —0HY
EBRFA LS T BSL3 ERENTEM L.

UELDRERML, MBBEMRRE, RIE - KETOREL, FHl
BEARBEILT DI LR, U RIBELEEHCELF — X
LRI DNA 2T Z LB FiEE oo, RIEITKD
C. burnetii B FOBRHKEIX 6.0x102/g TH Y, BEHR D44,
BIHDIZWVIE~I R —XNED C. burnetii BB F 1 HREE &
%, DO2VWEIVERETH- L.

T, REEZHAWEBERERFEICRLD, TRF—XD 19%
\Z C. burnetii B FNFEETHIZ ERHEREINTZ. iz, @A
F—XDOHE LT, BEF— XD 20%I2 Y C. burnetii &N
EETAZLEPELNE R 77V ABIPAZITEDE
MEBEIZE, REFLIPOHEENTETF2I510F—X 7T HE
bEEN TV . BETFTRECHETH - EREIC OV TEFEE
RBRETROTKER, AEPEFL TV L2 H0RRO N2
. I b DRERE, AR LZRENATICEABEZEE L,
F—XOEBALEZHFERLLTNDEIEERETLILDOTHY, F—
ABEFEICL > TIRA~ORERE 2OFAREEVEETE R
WIZ ERBELMNERoT.
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