Pathogenic clones or environmentally determined population expansion? A molecular and epidemiological analysis of an epidemic of the

human fungal pathogen Coccidioides immitis
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4 ABSTRACT )
A major epidemic of coccidioidomyosis occurred between 1991 and 1994 in central California. 4 Genetic Analyses RESULTS N\ o o CONCL USION _
. . . . - The'91- 94 epidamic of coaddioidomyaoss is attributable to environmental, and not
i . o i . _ : Alleles showed all epidemic-associated isolates to be members of S -
Molecular analyses showed (i) extensive genetic diversity, (ii) a lack of linkage disequilibria the  California species of C. immitis(Figure 2). 9 = > o o _ .
and (jii) little phylogenetic structur edemonstrating that a newly pathogenic strain was not _ Multilocus genotypic diversity was high - 34 unique genotypes For unlinked lod, themezium imeto gme.nceullbnurrlm arandomly mating population with
responsible for the observed epidemic. ) S ah areoombination rate () of 0.01 is 69 genaations and for c= 0.001, ebout 693 genaations (14).
were observed in the sample of 37 epidemic isolates. Given tht thegenaation timein C. immitisis & themost 1 - 2 per yeer wewould not expect
Epidemiological analyses showed that C. immitis morbidity was best explained by two variables, .?Eg:éz 2?;;2;;%?;&623 %néz.??:;;ry kg?:;éﬁﬂ::'g;ta genetic equilibrium to be established within the time scale of this epidemic.
the length of droughts preceding epidemics and the amounts of rainfall. expected for a fully recombined popuiation (P= 0.29). g:lj errlrj1li?;3 out the evalution of a virulent C. immitis done as a cause of the 1991 - 194
This shows that the principle factors governing this epidemic of C. immitis are environmental ' The strict consensus of 46, 072 maximum parsimony trees
and not genetic. (Flgu_re 2)is po_orly_ resolved with few |nterr_1a| branches and_ Theeis dso diret evidence for dond propagation, and subsauent infedtion, by C. initis
most isolates falling into a polycotomy of 31 isolates. Comparing within this deteset. Two patients wareinfedted by C. immitiswith identicl muiltilocus genotypes,
CONCLUSION: Long term environmental factors regulate the population size of C. immitis and the observed tree |ength against those from artificially isplates 2005 end 2267. The petientswho contributed theseisolztes lived and worked in thesame
areinstrumental in determining sizes of epidemics. This knowledge provides an important tool recombined datasets showed no significant difference. town, but theC. immitisisol ates were collected by separate clinicians
for predicting outbreaks of this infectious disease. : Three pairs of isolates had identical genotypes (Figure 2). One These people had bem infeded by thelocdl dispersion of asxually produced C. immitis
\_ ) pair (isolates 2005 and 2267, genotype S) was unlikely to be spores from a single fungal individual.
observed in this dataset (binomial probability; P< 0.001) and
4 METHODS A could be considered a genetically identical clone. . Thisanalyss found thefirst satisical evidenceto link rainfall, and its iming, with
number s of cases of coccidioidomycosis.
- Polymor phic Genetic L oci Epidemiological Analyses Significantly, thedrought preosding the 1991 - 1994 gpidemic wes themost Sustained sSnce1956
Single nucleotide polymorphisms were found by amplifying arbitrary loci in aradioactive PCR to reveal . Multivariate regression found significant correlation between implicating it in thedevdopment of this gpidemic. How thelength of droughts may effect the
single strand conformational polymorphisms (SSCPs) (9). 13 loci were subsequently scored by restriction RCM and variables (A) mean annual rainfall and (D) growth of C. immitisis ametter for conjeture It isknown thet C. immitisis apoor comptitor
endonuclease assays. All isolates were also typed for two loci containing polymorphic short tandem repeats length of drought (multipler = 0.673; P (rainfall) < 0.01, P on nutrient mediaand is essily ovagrown by common soil fungi, however is resgtant to drought
(STRs), locus621r (containing an (AC)n(n= 6 — 18) microsatellite) and locus B34 (containing a (TAA ACA (drought) < 0.001). and high tempeetures (15). Wecan spenlaethet this paticular extended drought suppressed
AAC) (n = 1-6) minisatellite) (10). . 45% of the variation in the yearly seriesis predicted by the fungd compditorsrddiveto C. inm'tisp theextent. thet (mstrantsm thegrowth of C. immitis
regression equation y = 0.295x1 + 0.001x2 - 0.16 (x1 ='length of wee rdmi Whm t_he 1992 ENSO mcr_m rnfdl in Califomia We cmdude thet &
- Genetic Analyses drought' x2 = 'rainfall’) and successfully predicts the 1991-1994 \ fortuitous conjunction of climatic variables appears to have allowed the epidemic to occur.
Population genetic analyses. epidemic (Figure 4).
The disequilibrium coefficient between alleles of 78 pairs of loci were calculated. The index of 1200 N 3500 4 5_ o
association (1A) measures the degree of association between all loci based on the variation of the genetic _ >
distance between individuals (11,12) and its significance was assessed by comparison with values cal cul ated ‘g 10004 % 'E» 4
from 1000 artificially recombined datasets (9). S ol 250§ 5
§ 2000 % =
Phylogenetic analyses Maximum parsimony was used to find the shortest tree that fitted the data using PAUP T 600 @ < 34
4.0 and the strength of branches was examined by bootstrapping. In order to test whether the observed dataset -é 00 150 § S
contained more phylogenetic signal than a population undergoing complete recombination, 500 artificially = 7 1000 é 2 ,
recombined datasets were created and the lengths of their most parsimonious trees compared to those found = 200 ] 50 %
for the observed dataset (The ‘Archie’ test, 13). < i % 1] /
0 0
T T ©
- Epidemiological Analyses _ ‘5‘9 ‘53) @ Q’Qég’ & T,
C. immitismorbidity datawas used for the period 1955 to 1995 in Kern County. To account for changes in the Figurel o Yer © ' o s ',\g ',\<0 '%Q Iq§> ' N 'cg,, 'Q@
population size over time, the data was transformed by calculating the relative change in C. immitis morbidity Annual number of cases of coccidioidomycosis reported from Kern County (red N N &9 3 ) N N D)
(RCM) as the numbers of cases in year ndivided by the numbers of casesin year n- 1. ling and annual rainfall (solid line). El Nifio years are marked with an asterisk Figre3 Year

« . . . -
( ) Datapourtesy of Caifornia Department of Health Serwces, Division of The relative change (RCM) in numbers of cases of coccidioidomycosis for Kern County during the time period 1956 - 1996 (RED LINE).
Generalized linear models wer e constructed with RCM asthe dependant variable and thefollowing as Commumcable Disease COﬂtI’O|. The BLACK LINE shows the modeled change using the regression equation y = 0.295x1+ 0.001x2 - 0.16 with the variables x1 = length of

J\

X . drought and x2 = mean annual rainfall. *1 signifies an outlier data point.
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