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HARAEEEEREY X, X 2 FAHII LR EETINRGERCIEZHR,. B, “FREE
Fo X5, HRAMEAG, H@HRARFRLIIRGAAR KA X S FERMM, B, 2f
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Advances in laboratory diagnosis of Coccidioides and Histoplasma
infections
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Abstract: Coccidioides and Histoplasma are highly pathogenic fungi that cause infections
through airborne dissemination of spores and are potential candidates for fungal biological
warfare agents. Although the two genera of fungi are mainly detected in America, their global
prevalence is constantly expanding. The early-stage symptoms of infections induced by them
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include cough, chest pain, dyspnea, and fever, which have no specific clinical manifestations
and are similar to those of community-acquired pneumonia, tuberculosis, and other diseases
caused by bacterial or viral infections. Therefore, the rapid and sensitive diagnosis of infection
by the two genera of fungi is of great importance and challenging. This paper reviews the
laboratory diagnostic methods of Coccidioides and Histoplasma infections and particularly
describes the advantages and limitations of the current laboratory diagnostic methods.

Keywords: Coccidioides; coccidioidomycosis; Histoplasma; histoplasmosis; laboratory diagnosis

Bk 701 B J& (Cocci dioi des) Fl 41 2H fifl 3 1 )&
(Histoplasma) ¥4y i Bt S LR, 1535 R
B, PR RG] . BT AT s
SAERE, B RS BT 5 | BR TR T 7R 4 2
MR R, R E A —, U A AT R B
AMBEBPEZER R, X 2 BB AR S X
WATH, AR SRAEAR AT X B B B L
FhEas, [ENEA A L BlHER o, R 2 Fi
9o 5L TR 1 4 A 3 L PT g s A T

| RBTER R R E R
ETEEY

BRI T s 1 4 2 BB 3R TR A Y TR
PEIGRF I, 58 a0 . LK A3 i
REFHHRT, RIZAIER W& FBURIT A Y
FNRITHER S 4 3 HRISE T A B i 12
SR ER AL TR 95 B 2 S 3 AR PO BR A T R
FIZH SUKLSE B B PE T3 A0, DR L A
2 W 32X T R AL S 3 B4 B0 228 R el 38 T/ &%
A A S S FRTE S
R RE S X R B ST X R N ot Rl
WIS A SO T T BRI e A 2 M R
ARFEWT 2 AR RRIEEE 1), IFE
SR T BRI R oy T2 W R R TR X
2 ol S R B 12 W e 0 17 P LA B e
1.1 BFREAMBRRE

5 0 RV R v 212 W BR LT B A 4 41
TS G B Aot . BR T T P AZE U v e b

FRESRIFAE , Wm R R 28-30 °CHE SR 2-3 Ji]
RIAT WL 22 R AP A, SRR T AU 3 B
A4 G AU S 3 5 9 1 A B sl A S
B b R - Ay I A JRE X BEZH 2] A I R
FEARMATY AT, AT 7E S A0 T 305 Bt UE 52 3]
HARN 20-70 pm ., BUZBREEHE (P& A K
2-5 pum J3AEAE ) BYIRAL TG DL SRR /N T
R 7 ZE TR A AL UM ™ . ML IR
O . B K S I R AR AR 8] T, HE
IRIBUBPEACF 50%> 10, 753 [ BR 167 P AN 4l
U IR TR IR B B2 K, 70% LA L B8 151
SHIRUR S 0R7Y Ax t
1.2 REFRN

oSk AR AR I R BUE RO b, ©
Tz o A T SR A R R 2H 2 3 TR e
X AIGRIZ W, Sallk T A% GE 55 57 v A A 1
TE2 W b A RE A7 7E AR 2R 858 T 5 1212 55 [h)
A R 2 2 G 6 5 ok B £ 92 v
(enzyme immunoassays method, EIA), 439 HL
(immunodiffusion, ID). #M& %54 (complement
fixation, CF). fill[a]JZ#7 % (1ateral flow assay,
LFA)FIHT BRI U A o SR, i 2 A D AE
BR A T R ZH SO TR A T X A2 W T
B FAFTE DT B 25 5, 326 22 S 3 FR O
B AE P22 RE P o A T8 S o B M DX A
R PE , RSO T RBEA R 7EX 2 Fil
FLAE R G2 Wb i G &L, JF kiR 1
PEBFNJmy FR A (3R 2)0
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x1 KBEFEBIEARRERNSSNEBEGEARE R ERME
Table 1 Advantages and limitations of laboratory diagnostic methods for coccidioidomycosis and
histoplasmosis
SEEE IS BRI T T A2 UM
Laboratory Coccidioidomycosis and histoplasmosis
diagnostics - Jey PR e
methods Advantage Limitation
B GhrifE, BRI TR . SRR R I AT FERHC, UG, AR A TR
Culture iz Time-consuming, low sensitivity, biosafety level
Gold-standard, culturing the presence of III needed
Coccidioides spp. and Histoplasma spp. can confirm
the diagnostics
Bk GARE, BRAERR, OHRERMBE, BAM  BUEPER, ZiRE, Wi B A 1 HAR K P 25K
Microscopy Gold-standard, simple operation, no complex B
equipment, low cost Low sensitivity, easily misdiagnosed, require high
technical level of clinicians
e oAl SRR MR S P oy T I IR A B A, RAETRIAE, B AR vy, SR LA mT EAG I A )47t
Immunological o 00 R e, ARG B AR AT SR X 3% S b X
detection Sensitivity and specificity are higher than culture High false positive rate, high cost, antibodies may
and microscopy, simple operation, fast detection not be detected in the early stage of infection, not
speed suitable for areas where diseases are not prevalent
or relatively backward
iz P URIE AR S, Pag, mE s, ErEECER W E LA AR EOR AR, AR R, AT
Molecular il AE Y BUAR B A B S5 5, s AL AR BE AR
diagnostics High sensitivity and specificity, fast, high Professional equipment and skilled technicians are

throughput, qualitative or quantitative detection

required, high cost, false negative and false
positive results may occur, low degree of
standardization

1.2.1 BKIBFEFASTEET

PO A G I 2 BR A TR 908 e 3 A A I
W, R E AR S ol e T R L R B A
W, BB E 2R BRI kS5 A A RE TS
L YRR 1) G 45 2R

EIA J2& Rl Bk 7T J& S e Bk 11 M AT G
(IgM Fl 1gG)t 4 f5 (o ‘B 2 o Uk 1) 7 1k
JUAS/INET BRI AT ERAG 45 . AR Kassis %I
WF5E , EIA f il IgM B9 80U R 36.2%-61.2%,
PPN 95.3%-97.7%; Kl 1gG B RUSNE R
80.9%-87.4%, Fr5PEA 90.0%-93.2%, 7E EIA
POAAAS I Hh 3 B R I B — 2 B A I
RO

ID RIS REE R 84.2%, 12 Wi
%N 93.6%, Y¥GmPrIEsaiG, BUgdks

3 93.0%, ZWiRHER R ST E 95.4%,
WA TP AN, T RS S EUw 21,

CF 5wkl 1gG Pk, McHardy %5175y
BT T BR AT B AR B 2 P B R A YT A A i
B o Ji%, CF B 5580 0 ™ B R A7 78 5 A1
Xt . Bryan ZFWHFSE RN, CF Al ID MK
2k e HLAT S B — Sk . AL, X EIA i A
M BRSS9 AREVEAT ID F1 CF #6742
G000 255 SR R {5 BE G TR B, o ] D i M
RIEFERE, MR EE A 25 5%

LFA BRERIRR . Pl . XA BRI,
Al FF BN A . Donovan 25119 & ) LFA iR
4CA7E 1 h NIERRI, (HAHEF EIA, LFA
FE A BR AL T B R E TP U UN 31%,
FEFEER 92%, Fridb— ki, Viale SEPONF

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2938 e E A IE R Microbiol. China
*x2 REBRFRNEKEFRRMEASARRERZEHPHNAEFFHRME
Table 2 Advantages and limitations of immunological tests in the diagnosis of coccidioidomycosis and
histoplasmosis
AR BRI TSR Coccidioidomycosis ZH 21 it1 3% T 9 Histoplasmosis
Immunological J # Jry PR 4 (%] JRIBRE
detection Advantage Limitation Advantage Limitation
P AG I TEGERG 1 IR Bl S e il AU R S IR T PRGFEA R URNE 5 5 HAL L R
Antigen W IR BS W REI, AEERS RO AT RE AR SR, O AR URO
detection In the early stage of the Sensitivity and specificity are EFEREBEAZU  Basy to cross-react
disease or patients with significantly lower than WWHEIR I B E P with other fungi
immunodeficiency, it can be  antibody detection, and there is Urine samples have
used as an auxiliary diagnosis the possibility of cross reaction  high sensitivity and
specificity,
especially in
patients with
disseminated
histoplasmosis
EAREN il AU AR Sk, BIA AT AU —Fp B AR 5 i 5 TS A PRI R B FRE
Antibody MmN HET#; ID RE2diiwi2, EIA RHMER ML B B E TP,
detection AT RRRREZ; CF Al s ID A CF B Zebrifiede hivBudbEses Seimibil b
THIR . BUSFIEM RREAR, WEIIGA RE  Sensitivity is higher  IJIZWIRE 114 2%

TRIT AR s LFA AP
2 Wrah R

High sensitivity and
specificity, EIA can be used
for large-scale screening of
diseases; ID can be used to
confirm the diagnostics of
disease; CF can be used for
disease staging, prognosis and
evaluation of treatment effect;
LFA can quickly get the
diagnostics result

WA B 5 LFA RUEAPEAR ;
Using only one antibody
detection method may lead to
misdiagnosis or missed
diagnosis, EIA has a high false
positive rate; ID and CF are
complex to operate; low
sensitivity of LFA; have a low
degree of standardization, and
require trained professionals

in patients with
chronic and acute
pulmonary
histoplasmosis

Sensitivity and
specificity are
much lower than
antibody
detection,
diagnostics

ability in
immunosuppressed

patients is poor

ffi T —3 B LFA B &, R ERR &
U Hy 88%, FRSEEMIUERMME A 87%, 5 HAh

it

JEHIRAE N A e BB o 7 AR A S e

fiE(human immunodeficiency virus/acquired

UK I 6 & = — 80, A BT ABIER
o F B B2 T . T Grill 2RSSR R R T —Fh
B XFHTJLT BifiE-1 (chitinase-1, CTS1)HiiARY
LFA 7k, iZARLES ID F1 CF & 45 SR %t
Forb, RBLH T 92.9%H0 FHME—ZCRFT 97.7%
B — 0% s FECRFE T T A [ B 6 I 44 B 1
[V ASF, I T 5 AN B R RS R 47 %6 22 10 mins
1.2.2 BB FEFERES

PGS 4 SUREAR TP Ak, (AR5

immunodeficiency syndrome, HIV/AIDS)H 4 fY
I RAEEA H, ACRBA I BB, Sl BT iAR R
WA RE 2 R BRI EE IR, s i &
R A E B0 PRI RS I 3] 2K A6 1 T 4L
JE(1,3)-B-D-F BB . CTS1 %5, {HZ 5 Sk
i 8T IR A TR TS I At 2 28 T A
(B R ZFHE TR ZH MR T 55 ) 8 B AE SURY Y 1
P12 G 2 I R B R S T e Y
PUFEAI 7% o Grill P U5 & T —FlEki
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FB CTS1 el ik, 1% B milfh AR
B (89.74%) AR 5 14:(94.90%), A B N —Fil
FATERA TR EWAE 1T H,
1.2.3 (AL ERAHUREN

P ERS I J2 32 W7 26 2700 25 TR A0 1 3k
Yo, ATAEHPRE . MW SCACE IR R
i VRS 2 PR AR A A, i R AE AR DL
e BB | TC AN SRR, Tz N TR
PR3 Marin ZEPHEAG T IR BIA Bk 5
by S 36 2 G ) g1k A A 0 A W 21 U S TR
BHEHIITERE, S5R TN, BRI AU
94%, BRI T MR (70%) MFLAK I (26%) ,
Fer iR ® T 96%, Sk T EIA HUlska il
A3 Martinez-Gamboa 282V i — 2 3F4E T
T 1 4 27 5 B B B DRI A IR A I ik 1Y)
PERE, UESE T HUIEAG I EE 43746 I B4 4 i o 5
Medina 2P0 A T HIV & BRI | i 3%
FEH PCR MYFHMESE, HERSHE 72.3%.
36.3%F1 62.7%, PRI A SRR ey o ATAR
K, AW BB )y vk e T & ok, H
B AR S Pl R TRk R &R

SR, PR R A )R R, FIEHE 5
A B T BRARL AT L B AR 2R AR T A ) R AR SE XU
WiB2 SO B 2 R DR R, TS HoAt
Ko 79 25 A AR IS W . Y BT BRI
M2 Wiy ik 4t A BRI, 12 W7 A% S A o A
P — 3P,
1.2.4 (AR ERAIAE T

Toscanini %50 A T B A DU AT B AG
TE HIV/AIDS 22 j 3% i £ 2 v i RBUS Ak
PG I ) AR R A S M YA T B A
Fida ZEB3PEAl T ID Ml CF 7840 213K B 2
BE PRI ERE, UM BN 65.7%F1
62.7%, AU FEEE] 70.1%, 1 Richer
SEPUPEAL T 4 FPRI 79 (3 FP BT AR AN 1 Fp
PO A ) 78 22k 20 2B TR SR A TR ) R
%, HHp EIA, ID. CF FIHUIEAS I Y R 8U% 4
BN 88.8%. 55.0%. 73.1%F 67.5%; HilsFl

PRI ARSS & RBUE IR EF] 96.3%.
1.3 kA FEHBRMEAARRERNS
FiZ B R

T CWEARME TSRS W%,
G DN 4 S B AR S e AR e A R M 4
TR T IR S E R RN 412
Wr £ R A7 PCR . F il 7 5% £ R (isothermal
amplification technology). %% %k K 2 — X
J¥ (metagenomics next generation sequencing,
mNGS)H A GEL A S FE A A
PCR #HIIr T2 Wi RTEIX 2 Fivig St B0 G A6z U
J5 TR

Yang 55 PV i N % 5% ] B X (internal
transcribed spacer, ITS) i Btfg 83 PCR J¥%:,
TEAS RT3 F5 00 A0 5 AL S 20 2 rp s R ) Y T B
BT EE. METRHERE, ENTOERRES
fifg 5% X )2 )i (quantitative real-time polymerase
chain reaction, qPCR)Ji B H B =y it B0 A4
5+, Dizon ECMELF ITS2 [T AR IR IRBRAS A 1
qPCR #5il, Je B EMAEUEM 74%, H5514
N 100%. Chaturvedi 25T 2/IHEIR- 55
$1 )5 (antigen-2/proline-rich antigen, Ag2/PRA)#!
FEF BT PIH TagMan FREF, BTN HOAE 5
I Wy Fle R AR AS oA I O X 73 1 M Bk A 1 1A
(Coccidioides immitis) F1 i % ik #7 2k 1 F &
(Coccidioides posadasii), HAG il T k5] 10 4
LR DL KF o

Martinez-Gamboa V57 & XA A lfs AAE
AT SRR & 1 100 (H. capsulatum
protein 100, Hcpl00) 1 ¥ 51) 4 AiF 14 47 1 [X 45§,
(sequence characterized amplified region, SCAR)
FEEEDY 8550 PCR WAL MEREJEAT T oA 7ERK
EHEAIE RSO T , #30 Hepl00 PCR 7R ML |
BB A2 SRR A TP 1 R R Pk (82.6%-89.5%) S
LT SCARPCR HHE514:(40.4%-58.8%), {H
iX 2 FhELL PCR AYAS I BELA AN K 4t JEUAs I
R S L PR 7 7 1B 2 4 T PCROAH R E AR TE 1L W
UV T RE T By S, AR T AR T =
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J5' 1. Lopez U015 5 75 /)N BB R I PR
AR PEAL T HE [ Hepl00, H A1 M Hi s 5L Y
qPCR J7 ik PERE, AN EET Hepl00o Fl H Hit )i
LAY qPCR 43 Har il J2 12 i 20 4R 2 71 s 1)
—MERGER . AR E R T TN
Ji1 3% 7 Hepl00 2[RI qPCR 519 FI¥REr , FF &
WA T A M S T . A il % (Aspergillus
fumigatus) . #k JJ I# J& (Fusarium) . H % J&
(Rhizopus)7E N [ VU # qPCR ELE R IIAZR , ¥
R EE ] 100 ¥ DL s RS, FeRrEib g
100%, % e I AS ke A= 28 S 21,

L S5 YL ARG ) ZH 4 I T A A S Y
il . WFRERYE TS FEHIIT & A S 2500
P 14 (loop-mediated isothermal amplification,
LAMP)RIN 732, AT RGN EMIE 2 1 fg/ul LS
3% H DNA, % T Hcploo #:X PCR, Rff
B RS 0] 4315 B 83% 1 92%!*°), Scheel
GUNTE & B9 LAMP J5 IR 7E R 97 43 2 i Ak
OB FER SRR R 100% , H ZE470 RS I BH 14
) PRIEAEA TP UM 67% . A SCIEE T 24

BTS2 =2 Wb A o R AR . [,
MR PSR AR I 2 AN OB bR, X X 2t
R 5 i W YERE AT TR0 B P4, HARN I
W2 3.
1.4 H&MNEARNRHNAFR
PRI FI PCR AR T2 Wi R Z
Hb, mNGS. BT BhEOCHE R B AT ] 5
i (matrix-assisted laser desorption ionization-time
of flight mass spectrometry, MALDI-TOF MS)%
FORWAW T3 2 Fhpeis iy vh o 4
ok, I NS WA BRI T T A A 2 I TR Y
B mNGS Jy BTSSR HGE
mNGS 1] M Ay B A 1 22U T s 1
Bk TR, #&i2BisugtE . H2 5K
FERRE A DU A K7 A B AR, ok
WAL G R A E WK J5 7 . MALDI-TOF MS
T3 VAL AT FH T PR R D0 3K A 1 T A A 2
PR 5490 ELX 22 0 P 8 B AT — i R
Rana FPOF & T —FhBE T DNA 2258 5O p 4%
PR A% IR, T bR P ) 4 I A V6 R R P Y

®3 RKETFEBMEAARRERS FRUNERLER

Table 3 Common targets for molecular detection of coccidioidomycosis and histoplasmosis

PRI AR LRI WIRFS U ik E= BN
Disease types Target Detection method Sensitivity (%) Specificity (%) Reference
PR T TH IR ITS2 gPCR Cerebrospinal fluid: 59 100 [38]
Coccidioidomycosis Bronchioalveolar lavage fluid: 91 100 [38]
Lung tissue: 44 100 [38]
Sputum: 94 100 [38]
Pleural fluid: 86 100 [38]
Ag2/PRA Clinical isolates: 100 100 [39]
Y b A ) Hcp100 nPCR Blood: 62.9 89.5 [29]
Histoplasmosis Bone marrow: 65.9 89.0 [29]
Tissue: 62.1 82.6 [29]
Urine: 34.9 67.3 [29]
82.0 97.0 [28]
qPCR 93.9 93-100 [40]
LAMP 67 100 [44]
H antigen qPCR 91 100 [40]
M antigen 57 100 [40]
ITS LAMP 83 92 [43]
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HAMI T, FFrTRIIAKZE 100 aM ) DNA,
A& LU IR 75K o Yang 5807105 b M
BWOCH R B H R 5 PCR HRMEE G, 16
22U HL2E A A 2 PHAE (R TG IR A 7 55 R AR AR
o, RIS T BRI TR R o T Tsai SFPY
W 5E 35 Wi AR DA% IR HOR  SE B T % R A
TR B PREE  mR BRI, RERRT AR R IR
% 2.5 pg/mL BYTEIA . Gu ZE0P2R A HE ) S AH
o3k HR B TG A A o T B, R T Y
6 0 22 B H A e 0 R A (89.7%94.4%) FI R
S (88.1%-94.4%).,

2 HAES5RE

ASCI X H AT S5 2= 5 R 0Bk T R
ALK B2 W b i giak, ZBLLT
[, (1) FEBR AT X, 0 T HE 2 Wi f
SRR AR, 22 B B ARG I v B LA
A—FhEaH, (HX b FECT A R,
BFArk 3d LA b, B siAs bz 3. (2) &
B H Al EEWIGIRS WA SR, U
PEAR, mam Tkl R Im IR iZW K. 3) AT
Wi RERVEARNT 52 2% . FRuEfb R AR, HHTw
RAENG A2 Wi

Gy FISWHE— R s R ik, T
oI ER L7 B . A AU R R L Ath, R 114 A &
TR St B R 2248, s IR 2
PEAET 3R A AR SCHET g SR A
NAOE LSS AN R AN N Uy [ d
R, FrR . REMEZEN S WA R L
s IR A R R R g Rk, PR TR
XX 2 PR IZWRE 1, ROk TAEN & &
VLT ILANJrTa = (1) 12 i 3% [ AR 25 A XX
2 FhECTE IR AINED, DLRRARIR 2 TR 2 i X
W o (2) 0 2 el oy S P o i ) L A
FETHAr PRI AR K- (3) o T 5%
SR TR A MR, 4R RS W E
Peo (4) L IFIAL 2 F R 4> T AR R

) HAE G R Wr N . HEr, A
TE AEAF T ) 5 BRA - A RN 4 23 M5 TR AE 9 1)
T HUREYE A £ H qPCR AR E 7 PCR Al
R, T TAEE SOFME SR — 20 fh
VEVRE . R o 4 ol 4t v OAR v AR

& W=

balliZe: FEMSCHR, RS ICEIERG B
it B SO AR R
BR SCREIS BT, SRR, i
S

1E& A 25 o RN W
{6 7 WA 00 T Bl 2 B A SO Hi 5 1
MR AR R AR .
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