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A	newly	developed	transcription-mediated	amplification	as-
say	was	used	to	detect	chikungunya	virus	infection	in	3	of	
557	 asymptomatic	 donors	 (0.54%)	 from	Puerto	Rico	 dur-
ing	the	2014–2015	Caribbean	epidemic.	Viral	detection	was	
confirmed	by	using	PCR,	microarray,	and	next-generation	
sequencing.	Molecular	clock	analysis	dated	the	emergence	
of	the	Puerto	Rico	strains	to	early	2013.

Chikungunya virus (CHIKV), a mosquitoborne alphavi-
rus, family Togaviridae, causes an acute illness, mani-

fested as fever and severe arthralgia (1). CHIKV infections 
are associated with global epidemics, and cases reemerged 
in the Americas in December 2013 after an ≈200-year ab-
sence (1,2). The initial cases were reported from the is-
land of Saint Martin in the Caribbean, with autochthonous 
cases reported across 9 islands by April 2014. By March 
2015, >1,250,000 suspected or confirmed cases had been 
reported in the Americas (http://www.paho.org/hq/index.
php?Itemid=40931), including ≈3,200 cases in North 
America, most (89%) in returning travelers.

Risk for transfusion-transmitted infection (TTI) of 
CHIKV is currently unclear. However, several factors raise 
concern about possible CHIKV TTI, including a 10%–25% 
asymptomatic infection rate and high viremic titers in as-
ymptomatic persons (3). Recently, a probable TTI case 
from Ross River virus (RRV), an alphavirus related to 
CHIKV, was reported in a person who had received RRV-
positive donor blood, and a clinically compatible illness 
developed with subsequent seroconversion (4).

The Study
A prototype CHIKV transcription-mediated amplifi-
cation (TMA) assay was used to screen blood donors 
from Puerto Rico during the peak of the 2014 Caribbean  

epidemic (Table). After routine blood donation to the 
American Red Cross April 4–August 14, 2014, frozen 
surplus plasma samples from all donors were de-identi-
fied and retained for study (all collected during the peak 
weeks of the 2014 CHIKV outbreak; http://www.salud.
gov.pr/Estadisticas-Registros-y-Publicaciones/Pages/
Chikungunya.aspx) (Figure 1, panel A). Each retained 
sample tested negative for pathogens on all required do-
nation screening tests and was also negative for investiga-
tional dengue virus (DENV, types 1–4) RNA by TMA (8). 
Passive reporting was encouraged by use of a donor infor-
mation sheet describing signs/symptoms of DENV and 
CHIKV infection. No donor reported any symptoms of 
arbovirus infection from the time of collection through 12 
days following donation. The 557 samples were screened 
with a candidate screening real-time TMA CHIKV assay 
with a 95% limit of detection of 16.27 RNA copies/mL 
(95% CI 11.10–29.56 copies/mL) on the high-throughput 
automated Panther system (Hologic, Inc., San Diego, 
CA, USA). Each sample was tested in singlet; reactive 
samples were diluted 1:16 and logarithmically from 10-2 
to 10−8 and retested in triplicate. Three samples (0.54%) 
were CHIKV RNA–reactive by TMA, with estimated vi-
ral loads ranging from 2.9 × 105 to 9.1 × 107 copies/mL 
(Table). One sample corresponded to a donor who had a 
confirmed diagnosis of CHIKV infection when contacted 
after the 12-day reporting period (7.6 × 105 copies/mL); 
the other 2 donors remained asymptomatic.

For confirmation, we performed blinded orthogonal 
panviral microarray (ViroChip, University of California 
San Francisco, San Francisco, CA, USA) and PCR test-
ing of 6 samples, the 3 positive for CHIKV and 3 ran-
domly selected negative controls. (ViroChip is a DNA-
detection microarray containing 57,444 probes, and the 
latest version (v. 5.0) represents all viruses in GenBank 
as of December 2010 [9]). Nucleic acid extraction was 
performed from 400 μL of TRIzol-inactivated donor se-
rum by using the Direct-zol RNA MiniPrep Kit (Zymo 
Research, Irvine, CA, USA), and on-column treatment 
was performed with Turbo DNase (Life Technologies, 
Carlsbad, CA, USA). After microarray processing, Viro-
Chip hybridization patterns were analyzed by using hier-
archical clustering and z-score analysis (6). Each of the 3 
TMA-positive samples was positive for CHIKV by Viro-
Chip by one or both analysis methods (Figure 1, panel B), 
whereas all 3 controls tested negative by ViroChip. Given 
the presence of sparse cross-hybridization artifacts in  
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individual microarray probes (Figure 1, panel B), we 
further tested the samples using a previously reported 
CHIKV PCR assay (7), which generated results 100% 
concordant with those of TMA (Figure 1, panel C).

We then used unbiased metagenomic next-generation 
sequencing (NGS) (9) as a pan-pathogen screen and to re-
cover the viral genome from the 3 CHIKV-positive sam-
ples (Figure 1, panel D). NGS libraries were constructed 
by using the Nextera XT kit (Illumina, San Diego, CA, 
USA) and validated as described (10), followed by 161-
bp, single-end sequencing on an Illumina MiSeq instru-
ment. Raw NGS data (3.2–32.4 million reads per sample) 
were analyzed for reads corresponding to known patho-
gens by using the sequence-based ultrarapid pathogen 
identification (SURPI) computational pipeline (10). After 
computational subtraction of human host reads, alignment 
was performed against all microbial sequences in the Na-
tional Center for Biotechnology Information nucleotide 
database and the best hit selected on the basis of percent-
age of mapped read coverage and pairwise identity. A Ca-
ribbean strain of CHIKV from the British Virgin Islands 
(accession no. KJ451624) (11) was identified by SURPI 
as the closest matching viral genome; 95%–100% genome 
coverage was obtained for the 3 CHIKV-positive donors 
(Figure 1, panel D). Phylogenetic analysis of the 3 Puerto 
Rico CHIKV genomes, together with all 188 publicly 
available sequenced CHIKV genomes in the reference 
database, placed the Puerto Rico strains in the Caribbean 
clade (Figure 2, panels A, B). Molecular clock analysis re-
vealed that this clade, an offshoot of the Southeast Asian/
Pacific lineage, possibly recently emerged in the Western 
Hemisphere in early 2013, with the 3 Puerto Rico viruses 

diverging from the other Caribbean strains 1.7 years ago 
(Figure 2, panel C).

Conclusions
We employed several orthogonal genomic-based assays 
to detect CHIKV infection by real-time TMA testing in 3 
asymptomatic donors during the peak of the 2014–2015 
Caribbean epidemic (1,2). We confirmed this finding us-
ing specific PCR, microarray, and NGS analyses (10) and 
tracked the emergence of CHIKV in the Western Hemi-
sphere to early 2013 by NGS-based whole-genome se-
quencing and molecular clock analysis. The rate of CHIKV 
positivity in donors from Puerto Rico (3/557, 0.54%) is 
slightly higher than that previously reported in donors from 
the French West Indies (4/2,149, 0.2%; p = 0.16 by Fisher 
2-tailed exact test) (14). In that study, 2 of 4 CHIKV-pos-
itive donors had febrile illness 12–24 hours postdonation, 
whereas fever and joint pains developed in 1 of 3 CHIKV-
positive donors in our study. The level of viral RNA in the 
Puerto Rico donor from with the highest titer, 9.1 × 107 
copies/mL, who remained asymptomatic, is comparable to 
the median viral titer observed previously in symptomatic 
CHIKV patients (5.6 × 105 PFU/mL, or ≈5.6 × 107 cop-
ies/mL) (3). No cases of CHIKV-associated TTI have been 
confirmed to date, although potential transmission by that 
route of related alphaviruses such as RRV has been docu-
mented (4). Nevertheless, our results indicate that high-titer 
asymptomatic CHIKV infections, if transmissible by trans-
fusion, can readily elude routine screening based solely on 
postdonation reporting of febrile illness.

New genomic-based technologies have utility for out-
break investigation, bloodborne pathogen screening, and 

 

 

 
Table. Asymptomatic	blood	donors	testing	positive	for	CHIKV	infection,	Puerto	Rico,	2014* 

Collection	date,	2014 

Prototype	CHIKV	real-time assay on Panther system, dilution†‡ 
Initial testing,	
undiluted 

Confirmatory	testing 
1:16 1:100 1:1,000 1:104 1:105 1:106 1:107 1:108 

Jul	15          
 Reactive/total	no.	tested 1/1 3/3 3/3 3/3 3/3 2/3 0/3 NT NT 
 Estimated	copies/mL 2.9		 105 
Jul	16§          
 Reactive/total	no.	tested 1/1 3/3 3/3 3/3 3/3 3/3 2/3 NT NT 
 Estimated	copies/mL 7.6	 105 
Aug	14          
 Reactive/total	no.	tested 1/1 3/3 3/3 2/2 3/3 3/3 3/3 3/3 3/3 
 Estimated	copies/mL 9.1	 107 
*CHIKV,	chikungunya	virus;	NT,	not	tested. 
†For the real-time	CHIKV,	transcription-mediated	amplification	assay,	plasma	samples	(0.5	mL)	were	tested	on	the	fully	automated	Panther	system	which	
performs	magnetic	target	specific	capture,	amplification,	and	real-time	detection	in	the	presence	of	an	internal	control.	During	the target	capture	step,	the	
hybridized	target	is	captured	onto	magnetic	micro-particles	that	are	separated	from	the	specimen	in	a	magnetic	field.	Wash	steps	remove	extraneous	
components	from	the	reaction	tube.	Target	amplification	occurs	by	using	2	enzymes,	MMLV	(Moloney	murine	leukemia	virus)	reverse	transcription	and	T7	
RNA	polymerase.	Detection	is	achieved	using	single-stranded	fluorescent	labeled	nucleic	acid	probes	that	are	present	during	the	amplification	of	the	
target.	The	time	for	the	fluorescent	signal	to	reach	a	specified	threshold	is	proportional	to	the	starting	CHIKV	RNA	concentration.	The	primers,	detection	
probes,	and	target	capture	oligonucleotides	hybridize	to	highly	conserved	regions	of	CHIKV	RNA	genome	and	were	designed	to	detect	all	3	major	CHIKV	
lineages.	The	cutoff	for	reactive	reactions	was	set	by	the	investigators	at	1,000	relative	fluorescent	units.	Estimated	copies	per	mL	were	calculated	relative	
to	the	emergence	time	of	the	emitted	fluorescence	of	a	calibration	curve	generated	by	logarithmic	dilution	of	a	CHIKV	in	vitro	synthetized	transcript. 
‡Dilutions were performed in defribrinated, pooled plasma, passed through a 0.2-μm filter, dialyzed to approximate a human serum profile, delipidated for 
clarity/stability,	and	prescreened	as	nonreactive	for	CHIKV. 
§CHIKV-positive	donor retrospectively reported postdonation	fever	and	joint	pain	at	2	d	postdonation. 
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disease surveillance (9). The availability of a high-through-
put TMA assay will facilitate screening for CHIKV and 
more precisely establish the risk of transfusion-associated 
transmission. Panviral microarrays are useful for broad 
surveillance of bloodborne pathogens (9), yet rigorous in-
dividual probe validation across multiple targets is needed 
because of potential cross-hybridization artifacts. Metage-
nomic NGS (9,10) is an unbiased diagnostic method that 
identifies all potential pathogens simultaneously on the ba-
sis of uniquely identifying DNA sequences. In our study, 
metagenomic NGS and SURPI analysis facilitated rapid 
identification and whole-genome recovery of 3 Puerto Rican  

CHIKV strains directly from primary samples without the 
need for viral culture. 

Recovery from CHIKV infection appears to confer life-
long immunity, and thus an unknown but potentially large 
fraction of the population of the Puerto Rico may be immune. 
However, the ongoing threat to returning travelers and spread 
of the mosquito vector to immunologically naive populations 
(e.g., in United States and Mexico) underscore the need for 
continual donor surveillance (15). Increased use of microar-
rays and NGS in the future would be anticipated, given its suit-
ability for detecting threats from multiple emerging vector-
borne diseases such as chikungunya and dengue (2).

Figure 1. New	genomic	tests	for	chikungunya	(CHIKV)	infection	in	blood	donors.	A)	Epidemic	curve	of	reported	cases	in	Puerto	Rico,	April	
2014–February	2015.	For	2014,	30,983	presumptive	cases	and	4,275	laboratory-confirmed	cases	were	reported	to	the	Secretary	of	Health	
in	Puerto	Rico.	Three	CHIKV-positive	case-patients	(asterisks)	of	557	tested	were	identified	by	transcription-mediated	amplification	(TMA)	
screening	of	plasma	samples	during	the	study	period.	B)	Heat	map	(cluster	analysis)	of	6	ViroChip	(University	of	California	San	Francisco,	
San	Francisco,	CA,	USA)	microarrays	corresponding	to	6	donor	plasma	samples,	3	CHIKV	positive	and	3	CHIKV	negative.	Only	
microarray	probes	derived	from	CHIKV	are	plotted	because	signatures	for	other	bloodborne	viral	pathogens	were	absent	(data	not	shown).	
A	sample	is	called	ViroChip	positive	for	CHIKV	if	at	least	10%	of	the	CHIKV	probes	on	the	heat	map	have	a	normalized	probe	intensity	
of	>10%	by	cluster	analysis	(5)	and/or	if	>1	probe	is	detected	within	the	top	50	by	z	score	analysis	(6).	Red	bar	denotes	the	magnitude	of	
hybridization	intensity	normalized	across	the	45	CHIKV	probes	on	the	microarray.	ViroChip	microarray	data	have	been	submitted	to	the	
Gene	Expression	Omnibus	database	repository	(accession	no.	GSE67234).	C)	Reverse	transcription	PCR	(RT-PCR)	testing	for	CHIKV	
and	visualization	of	the	PCR	amplicon	by	2%	agarose	gel	electrophoresis	confirm	the	transcription-mediated	and	ViroChip	microarray	
results	(7).	A	complete	version	of	this	figure,	including	panel	D,	showing	coverage	plots	of	mapped	NGS	reads	to	the	“best	hit”	viral	
genome,	is	found	online	at	http://wwwnc.cdc.gov/EID/article/21/8/15-0458-F1.htm.	The	consensus	whole-genome	sequences	obtained	
from	the	coverage	plots	are	used	for	the	subsequent	phylogenetic	and	molecular	clock	analyses	(Figure	2).	NGS	reads	with	human	
sequences	removed	have	been	deposited	in	the	Sequence	Read	Archive	(BioProject	accession	no.	PRJNA282046;	SRP	accession	no.	
SRP057614).	The	3	CHIKV	genome	sequences	have	been	deposited	in	GenBank	(accession	nos.	KR264949–KR264951).
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