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Human Ribosomal RNA Genes: Orientation of the 
Tandem Array and Conservation of the 5' End 

The multiple copies of the human ribosomal RNA genes (rDNA) are arranged as 
tandem repeat clusters that map to the middle of the short arms of chromosomes 13, 
14, 15, 21, and 22. Concerted evolution of the gene family is thought to be mediated 
by interchromosomal recombination between rDNA repeat units, but such events 
would also result in conservation of the sequences distal to the rDNA on these five 
pairs of chromosomes. To test this possibility, a DNA fragment spanning the junction 
between rDNA and distal flanking sequence has been cloned and characterized. 
Restriction maps, sequence data, and gene mapping studies demonstrate that (i) the 
rRNA genes are transcribed in a telomere-to-centromere direction, (ii) the 5' end of 
the cluster and the adjacent non-rDNA sequences are conserved on the five pairs of 
chromosomes, and (iii) the 5' end of the cluster is positioned about 3.7 kb upstream 
from the transcription initiation site of the first repeat unit. The data support a model 
of concerted evolution by interchromosomal recombination. 

H UMAN DIPLOID CELLS CONTAIN 

300 to 400 copies of the genes 
encoding 18s and 28s ribosomal 

RNA (rRNA) ( I ) ,  occurring in blocks of 
tandemly repeated genes on the short arms 
of the five pairs (numbers 13, 14, 15, 21, 
and 22) of acrocentric chromosomes (2). 
Each rRNA gene block (rDNA) lies within 
the uniquely staining nucleolus organizer 
region (NOR) (3), flanked on the proximal 
(centromere) and distal (telomere) side by a 
region of non-rDNA. The 44-kb rDNA 
repeat unit (Fig. 1) contains a 13-kb tran- 

ranged in a head-to-tail fashion but the 
orientation of this cluster on the acrocentric 
chromosomes has not previously been deter- 
mined. Little information has been available 
on the borders of the cluster. In particular, 
the end unit and adjacent sequence have not 
been identified, and it is not known whether 
these end points are conserved among the 
five acrocentric chromosomes or among in- 
dividuals in the population. The identifica- 
tion of an X-autosome translocation involv- 
ing ribosomal RNA genes has allowed us to 
determine the orientation of the rDNA 

(p21;p12) (Fig. 1, inset) between the X 
chromosome and chromosome 21 was as- 
certained in a girl with X-linked muscular 
dystrophy (5). The exchange point in the X 
chromosome is at the muscular dystrophy 
locus in band Xp21 and the rearrangement 
is responsible for the disease (6). The ex- 
change point in chromosome 21 was 
mapped cytologically within the rDNA 
block at band 21p12 (5 )  and molecular 
analysis revealed that three to five copies of 
rDNA plus the distal end of chromosome 21 
were translocated to the X-derived transloca- 
tion chromosome, der(X), while 40 to 60 
copies of rDNA remained on the chromo- 
some 21-derived translocation chromo- 
some, der(21) (7). 

These studies were greatly facilitated by 
the availability of somatic cell hybrid lines 
containing the der(X) chromosome (hybrid 
A2) and the der(21) chromosome (hybrid 
B2), free of other human acrocentric chro- 
mosomes (7). The estimate of the number of 
copies of rDNA on der(X) came from quan- 
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titative Southern blot analysis of the A2 
hybrid line with the rDNA probe BES (7). 
The BES probe revealed not only three to 
five copies of the expected 6.3-kb Bam H I  
fragment (Fig. l ) ,  b i t  also revealed a weaker 
band corresponding to a 15-kb Bam H I  
fragment that was not a feature of the 
repeating rDNA series. This fragment was 
considered to be a candidate for a junction 
fragment spanning either the junction with 
the X chromosome (XJ in Fig. 1) or the 
junction of the rDNA block with distal 
(telomeric) DNA on chromosome 21 (DJ in 
Fig. 1). The X-junction possibility was ruled 
out by a number of criteria and the true X 
junction has since been cloned and se- 
quenced (6). The hypothesis that the 15-kb 
fragment might contain the distal junction 
from chromosome 21 was supported by 
auantitative Southern blot ana1;;is that re- 
vealed a signal intensity corresponding to 
one copy per cell in the A2 hybrid line, but 
about ten copies per cell in normal human 
DNA, the latter possibly corresponding to 
the ten acrocentric chromosomes per cell 
(7). The present study was designed to 
rigorously test this hypothesis by isolation 
and detailed characterization of the 15-kb 
fragment. 

On the assumption that the 15-kb Bam 
H I  fragment contained the rDNA distal 
junction, the orientation of the putative 
junction was determined by probing double 
digests of human DNA and the A2 hybrid 
DNA with the BES probe. The 5' side of the 
BES probe is determined by an Eco RI site 
(Fig. 1) and a Kpn I site lies immediately on 
the 3' side of this probe. The double digests 
therefore included either Eco RI or Kpn I 
together with a second restriction endonu- 
clease. Double digests with Eco RI pro- 
duced bands that conformed to the pub- 
lished map of the rDNA repeat unit. Two 
bands were visualized in the double digests 
containing Kpn I and Hind 111, Xba I, Bam 
HI, or Bgl 11; there was an intense band 
corresponding to several hundred copies per 
cell of a size expected from the rDNA map 
and a much lighter band derived from frag- 
ments present about ten times per human 
diploid cell. The minor band was not due to 
a Kpn I polymorphism because the fragment 
size did not differ from the major band by a 
constant size differential. Since no further 
novel fragments were visualized after hy- 
bridization of A2 hybrid DNA with many 
rDNA probes and since the novel fragments 
visualized with the BES probe were present 

Flg. 1. (A) Schematic of the 1 8 s  2 8 s  

ribosomal gene repeat unit. A .. 
The stippled block repre- 
sents the 13-kb transcribed 
portion; the 18s and 28s 
sequences are shown as 
raised blocks. The smaller 

5' 
Band C subunits 5.8s seauence is not shown. 

The ripeat unit contains 
four Eco RI sites that release 
the four fragments labeled A '- 1 5  kb -----+ 
(7.3 kb), B (6.2 kb), C Flanking sequence ' E B 2 X  ~ 2 ~  B K  X B E  (11.7 kb,. and 119 kb,. .................................. hI.1 ............ 1 ........... !.I...// I 1 1  

 elo ow &; schematic is d e  P P 
restriction map of the B and 
C region (13,4). The probe B  E  B2 B2 X  P ~ E  B clone 

CBE is a Bam HI-Eco RI J l ' r  i D J l 5  

fragment of the C region, 
and BES is an Eco RI-Sal I 
fragment of the B region. 
The 6.3-kb Bam HI frag- 
ment revealed by BES is 
shown. (B) Restriction map B ~p AV HZ P E 
of the putative distal junc- " 'BE 

tion region as determined 
from genomic Southern 
blots. Ribosomal sequences are represented by a solid line and the adjacent sequences by a dashed line. 
To generate the map, human genomic DNA was digested with Kpn I plus one of the following: Pst I, 
Pvu 11, Xba I, Bgl 11, Bam HI, or Hind 111. The cleaved DNA was fractionated by electrophoresis on 
agarose gels, blotted to nitrocellulose, and probed with the rDNA probe BES. The Eco RI site was 
mapped by probing an Eco RI digest with probe CBE. Below this Southern blot map is the restriction 
map of XDJ15 isolated from a human genomic library (8). The map was obtained by a series of single 
and double digests of the Bam H I  released 15-kb insert. A more detailed map was constructed by 
subcloning each of the six Pst I fragments in a plasmid vector. The map determined for the 2.9-kb Pst I 
fragment is shown for detailed comparison with the map of the CBE segment shown below. Enzymes 
are abbreviated as: Ap, Apa I; Av, Ava I; B, Bam HI; B2, Bgl 11; E, Eco RI; H, Hind 111; H2, Hind 11; 
K, Kpn I; P, Pst I; P2, Pvu 11; X, Xba I. The inset shows a schematic of the t(X;21). The Duchenne 
muscular dystrophy locus is in band Xp21 (stippled area) and the block of tandernly repeated rDNA is 
in band 2 1 ~ 1 2  (horizontal stripes). The translocation junctions are marked XJ and XJ' and the natural 
junctions of rDNA with non-rDNA are labeled DJ (distal junction) and PJ (proximal junction). 

at about ten copies per diploid human cell, 
the simplest interpretation was that the mi- 
nor bands contained junction fragments 
from the distal end of the rDNA cluster on 
each of the ten acrocentric chromosomes. 
The size of the junction fragments allowed 
the construction of a restriction map for the 
putative distal sequences (Fig. 1) and pro- 
vided an orientation of the complex with the 
distal region on the 5' side of the rRNA 
gene cluster. 

To confirm and extend these observa- 
tions, the 15-kb Bam H I  fragment (Fig. 1) 
was cloned from hybrid A2 and from nor- 
mal human cells. Two clones (XDJ3 and 
XDJ15) were obtained from a normal hu- 
man library (8), and two clones (hDJ21-1 
and XDJ21-2) were isolated from a similar 
library constructed from A2 hybrid cell 
DNA. The 15-kb insert sequences from the 
clones XDJ3 and XDJ15 were restriction 
mapped and found to be nearly identical. 
The map of XDJ15 is shown in Fig. 1 and 
contains all the sites expected from the 
Southern analysis plus others not revealed 
by Southern blot analysis. The order of the 
six Pst I fragments was determined from 
double digests and from the fact that the 
2.7-kb fragment hybridized with the BES 
rDNA probe while the adjacent 2.9-kb frag- 
ment hybridized with the CBE rDNA probe 
(Fig. 1). The remaining four Pst I fragments 
did not hybridize with any rDNA probe, 
consistent with a switch from rDNA to the 
distal flanking sequences in the 2.9-kb frag- 
ment. The XDJ3 clone differed from hDJ15 
in that it had a 2.8-kb fragment instead of a 
2.9-kb fragment, consistent with known se- 
quence variability in this region of the C 
fragment. 

The hDJ21-1 and XDJ21-2 clones, de- 
rived from the der(X) translocation chromo- 
some, have not been characterized in detail, 
but yield six Pst I fragments of the same size 
as hDJ15. Because hDJ3 and hDJ15 were 
obtained from a library of normal human 
DNA they could be derived from any of the 
five pairs of acrocentric chromosomes, 
whereas XDJ21-1 and hDJ21-2 must be 
derived from the distal region of chromo- 
some 2 1. 

To further characterize the junction re- 
gion, each of the six Pst I fragments from 
XDJ15 and XDJ3 was subcloned into a 
plasmid vector. The detailed restriction map 
of the 2.9-kb fragment was compared to the 
equivalent region of the CBE clone of rDNA 
and was found to match over a 2.5-kb 
stretch (Fig. l ) ,  thus narrowing the putative 
junction to a 0.4-kb region at the 5' side of 
the 2.9-kb fragment. The 5' end of this 
fragment was sequenced and compared to 
the CBE clone of rDNA. The sequence 
change indicative of the junction occurs 
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within the 2.9-kb Pst I fragment 155 bp 
from the 5 '  Pst I site (Fig. 2). This Pst I site 
is approximately 3350 bp from the Eco RI 
site separating the B and C subunit (Fig. 1). 
The transcription initiation site is 513 bp 
downstream from this Eco RI site. Thus the 
ribosomal gene cluster begins approximately 
3.7 kb upstream from the transcription initi- 
ation site of the first member of the tandem 
series. 

The rDNA sequence adjacent to the junc- 
tion (Fig. 2, nucleotides 1 to 138) contains 
eight poly d(A) tracts (2 to 7 A's in length) 
interspersed with one to three other nucleo- 
tides. This basic pattern is repeated twice 
(nucleotides 1 to 39 and 54 to 97). This 
region of rDNA (nucleotides 1 to 97  3' to 
the junction) contains more than 60% dA 
residues, in sharp contrast to the remainder 
of the ribosomal gene, which tends to be 
very GC-rich. The poly dA tracts do not 
continue into the adjacent flanking sequence 
(Fig. 2, upper tract) nor into the region of 
CBE that abuts the poly &-rich segment in 

the internal repeat units (Fig. 2, lower 
tract). This latter region of CBE does con- 
tain a typical Alu repeat element (9) that 
ends precisely at the junction nucleotide. 
There are several copies of the Alu repeat in 
the C region, three of these in CBE. One of 
these is the one discussed above, and two 
others occur between the junction and the 
initiation site. The significance of these se- 
quences remains to be determined. 

To verie that the 5' end of the 15-kb 
Bam HI  clone is derived from distal flanking 
sequences, and to determine whether or not 
the sequence is common to all five acrocen- 
tric pairs, the 1.6-kb Pst I fragment of 
XDJ15 (Fig. 1) was used as a probe (hence- 
forth referred to as ACR1) for mapping to a 
somatic cell hybrid panel and for in situ 
hybridization to human chromosomes. All 
cell hybrids containing an acrocentric chro- 
mosome scored positive for hybridization to 
ACRl while those not containing an acro- 
centric chromosome tested negative (Table 
1). The presence of ACRl sequence was 

Fig. 2. The comparison of - I3*  D J ~ S  
TG AAGCGATTCT CCAGTCTCAT CCTCCTGAGT GGCCGGATTA 

CBE CC CTGTGCTCCC NTCCTCTGTG AGGCCGAGCT GAGGCAGGAG 
sequences within DJ15 and 
CBE. Sequencing the 2.9-kb -90 CAGTCTCACC GCCATAATAG CCCTGCTAAT TTTTGAACCA ATTAGTAGAA GAAGGGGTAT 

Pst I fragment (Fig. 1B) re- AATCGCTTGA ACCTGGAGGC GGAGTTGCAG TGAGCCGAGA TCGCGCCACT GCAACCCAGC 

L 
a region of near iden- -30 TGCCATGCTT GCGACGCTGG ACTTGAAGGC AAATGAAATG AAAATGAAAC GCAACAAAAT +30 

tity to CBE and divergence CTGGGCGACA GACCGAGACT CCGTCTCCAA " . " . . " .  """"" 

at the 5' end' The point of AATTAAAAAG TGCGTTTCTG GGGARAAAGA AGAAAAGAAA A A A G W A  ACAACAAAAC 190 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  divergence is designated the 

distal junction in ADJ15. 
The figure gives the se- AGAACAACCC CACCGTGACG TACAC-TACG CCTCTCGCCT TTCGAGGG 

+13R 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . .  .........A . .  ...G.... 
quence of 270 bp surround- 
ing this distal junction. The upper line is that of XDJ15, the lower is CBE; the numbers at the side of the 
sequence represent the number of nucleotides from the junction. Standard Sanger dideoxy chain 
termination sequencing was performed on M13 single strand phage recombinants with DJ15- and CBE- 
derived restriction fragments. The presence of a dot in CBE indicates homology to DJ15. The 5' Pst I 
site in ADJ15 is at base pair -155. 

Table 1. Hybrid panel mapping of the distal region fragment ACRl .. - 

Acrocentric Nonacrocentric Hybridization Hybrid chromosomes chromosomes signal* 

A60-2A 21,22 2, 4, 5, 7, 17, X + 
W4-3A 14 4, 7, 19, X + 
A23-2E1 13, 14 2, 3, 12, 17, 20, X + 
A48-1G 21 5, 7, 10, 11, 18, 20, X + 
A60- 11 5, 10, 12, X - 

t-60-la 3, 6, 7, 16, 17, X - 

W4-3A-AZ ~1.2-5 4 - 

A60-10 22 4, 12, X + 
A60-8 14 4, 7, 10, 17, 18, X + 
A23-1A c l  a231 
t60-2 
A60-7 
FA9-B2 
A2 
B2 
AHA-1 la 
mA9 (mouse) 

'Hvbridization was determined by digestion of DNA from each hybrid cell line with Pst I, electrophoresis on an 
ag&ose el, and Southern blottin to n~trocellulose filters. Filters were hybridized to the 1.6-kb Pst I fragment, ACR1, 
that hafbeen radiolabeled with% by nick translation. Hybridization was detected by exposure to x-ray film for 
several hours (Fig. 3). Negative tracks remained negative after prolonged exposure. Isolation and characterization of 
somatic cell hybrids used in the mapping panel have been described (21). 
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confirmed on chromosomes 14, 15,21, and 
22, and can be ruled out on chromosomes 3, 
4, 5, 6, 7, 10, 12, 16, 17, and X. Further- 
more, the hybrid cell line A2 carrying der(X) 
scored positive whereas the hybrid-line B2 
carrying der(2l) scored negative despite the 
presence of 40 to 60 copies of rDNA on that 
chromosome. This confirms that ACRl is 
not part of the ribosomal gene repeat unit 
and that it is specific for sequences distal to 
the rDNA complex on der(X). 

If there is one copy of the ACRl sequence 
per acrocentric chromosome, one should 
expect a hybridization signal corresponding 
to ten copies per human cell. That this is the 
case can be seen from Fig. 3A by comparing 
lanes 1, 2, 5, and 9. Lanes 1 and 2 were 
loaded with 0.5 pg of human DNA whereas 
lanes 5 and 9 contain approximately 5 pg of 
DNA from a hybrid line carrying one acro- 
centric chromosome per cell. The intensities 
are similar, consistent with ten copies per 
cell in lanes 1 and 2. The remaining lanes are 
not comparable as the amount O ~ D N A  per 
lane was not carehlly controlled and the 
number of acrocentric chromosomes per 
hybrid cell was variable. The simplest inter- 
pretation is that there are ten copies of the 
ACRl sequence in human DNA and the 
seauence distribution on the chromosorncs 
strongly favors a model with one copy of the 
ACRl sequence on each of the ten acrocen- 
tric chromosomes. 

The results with in situ hybridization 
(Fig. 3, B and C) confirmed these findings 
as grains were found to be clustered over the 
t i p  of all the acrocentric chromosomes. 
None of the nonacrocentric chromosomes 
showed a significant cluster of grains, sug- 
gesting that the ACRl probe is specific for 
the distal region of the acrocentric chromo- 
somes. 

Three conclusions can be drawn. First, 
the rDNA cluster on der(X) is oriented with 
transcription occurring in a telomere to 
centromere direction. This is in agreement 
with the orientation predicted from our 
previous characterization of the X:  2 1 junc- 
tion (Fig. 1, XJ) (6). Second, the sequences 
immediately upstream of the rDNA cluster 
on der(X) appear to be present on all five 
pairs of acrocentric chromosomes. This con- 
servation of the 5' end of the rDNA cluster, 
together with the consistent mapping of the 
flanking sequence probe ACRl to the acro- 
centric short arms strongly suggests that the 
orientation as well as the sequence are con- 
served over the five pairs of acrocentric short 
arms. Third, the rDNA cluster begins ap- 
proximately 3.7 kb upstream of the tran- 
scription initiation site of the first repeat 
unit, and the consistency of the restriction 
map strongly suggests that this is a constant 
feature of the acrocentric chromosomes. 
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The conservation of the rDNA telomeric 
junction among the acrocentric chromo- 
somes is of interest in relation to models of 
chromosome evolution. It has been suggest- 
ed that the concerted evolution of the rDNA 
genes relies on homologous recombination 
between rDNA blocks on nonhomologous 
acrocenmc chromosomes (1 0). This would 
result in exchange of the distal ends between 
different acrocenmc chromosomes and 
would, over the course of evolution, result 
in homogenization of the distal flanking 
sequences as well as rDNA repeat units (1 1 ). 
Our results confirm this prediction. The fact 
that the more distal "satellite regionn of the 
acrocentric chromosomes is highly variable 
in size and staining characteristics might 
well be the result of further recombination 
events between repeat elements distal to the 
rDNA that result in a highly variable copy 
number for the repeat elements. It would be 
of interest therefore to determine how far 
into the distal region the sequence homolo- 
gy between acrocentric chromosomes is 
strictly preserved before running into multi- 
ple repeat elements. Probe ACRl provides a 
useful starting point for chromosome walk- 
ing into the more distal region of the acro- 
centric short arms. 

Whiie recombination between ribosomal 
genes can explain concerted evolution of the 
ribosomal genes themselves and of the distal 
sequences on the chromosome, it would not 
be expected to give rise to concerted evolu- 

Fig. 3. (A) Southern blot analysis with probe 
ACR1. In each lane genomic DNA was digested 
with Pst I, separated by electrophoresis on agar- 
ose, blotted to nitrocellulose, and hybridized with 
probe ACRl. The hybridizing band is of size 1.6 
kb confirming that the 1.6-kb ACRl probe is 
recognizing itself in the genomic DNA. Lanes 1 
and 2 contain 0.5 pg of human DNA. Lanes 3 
through 13 contain DNA from somatic cell hy- 
brids in the order B2, AHA-1 la, A2, A60-11, 
t60-la, W4-3A-Azcl2.5, A60-10, A60-8, A23- 
lAdAz31, t60-2, and A60-7. The human chro- 
mosome content of these hybrid lines is provided 
in Table 1. For convenience, the acrocentric chro- 
mosomes present in each lane are given below. 
The number in parentheses gives the approximate 
copy number of the acrocentric chromosome per 
hybrid cell as follows: lanes 3 to 8, no acrocen- 
trics; lane 5, der(X) (1.0); lane 9, 22 (0.9); lane 
10,14 (0.8); lane 11,15 (0.3); lane 12,14 (1.0); 
lane 13, 14 (1.5); and 22 (1.0). Lanes 10 to 13 
were loaded with approximately twice as much 
DNA (10 pg) as lanes 3 to 9. (B) Distribution of 
silver grains on chromosome spreads of human 
lymphocytes after in situ hybridization with the 
ACRl probe. The probe insert was labeled with 
['Hlthymidine by nick translation and hybridized 
with metaphase chromosomes as described (20). 
After 11 days of exposure 216 silver grains were 
scored on 114 metaphase spreads. Accumulations 
of grains were seen only over the short arms of the 
acrocentric chromosomes. (C) Examples of silver 
grains over the short arms of each of the five pairs 
of acmennic chromosomes. 

tion of the sequences between the rDNA 
block and the centromere. Kurnit et al. have 
described a moderately repetitive sequence, 
pUNC724, that hybridizes preferentially to 
the pericentromeric region of the acrocen- 
mc chromosomes and shows conservation 
of neighboring restriction sites on these 
chromosomes (12). This suggests that se- 
auences on the ~roximal side of the ribo- 
somal genes may also be subject to concert- 
ed evolution, and if this is the case, the 
proximal junction (Fig. 1, PJ) of the rDNA 
cluster should also be conserved over the 
acrocentric chromosomes. That junction 
could also be cloned and the hybrid B2 
carrying the der(21) would be useful for 
mapping the junction within the rDNA 
repeat unit prior to cloning. Studies of the 
sequences in this region of the 
acrocenmc short arms may shed further 
light on the mechanisms responsible for the 
concerted evolution of thi's chromosomal 
region. 

The ribosomal genes themselves are 
somewhat variable, &splaying polymorphic 
resmction sites (13) and variable numbers of 
short internal repeat units (14). One of the 
variant patterns previously reported was an 
8.5-kb Eco RI fragment extending into the 
C region from the Eco RI site separating the 
B and C regions (15). The distal flanking 
region contains an Eco RI site approximate- 
ly 8.5 kb from the B-C Eco RI site (Fig. 1). 
This suggests that the 8.5-kb variant clone 
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reported by Mottes et al. (15) is unlikely to 
be due to genetic polymorphism, but is 
probably derjved from the distal junction of 
one of the acrocentric chromosomes. This 
possible misinterpretation illustrates the 
considerable difficulty in distinguishing 
polymorphism from the unique patterns ex- 
pected at the edges of tandemly repeated 
blocks of genes. 

It is particularly interesting that the 5' 
junction of the rDNA cluster should lie a 
short distance in front of the first transcrip- 
tion initiation site. The region upstream of 
the initiation site contains the promoter core 
at nucleotides -45 to +20 ( + 1  is the 
initiation site) and an upstream control ele- 
ment at - 156 to - 107 (16). A transcrip- 
tional enhancer has also been found in the 
rat at - 1018 to - 186 (17) while enhancer 
activity has also been described approxi- 
mately 2 kb upstream of the transcription 
start site in yeast (18). In principle, the 
junction at the 5' end of the ribosomal gene 
duster could have been expected anywhere 
in the first repeat unit since the transcription 
product of the first gene is presumably not 
required for cell survival. It is esthetically 
pleasing, however, to find that the junction 
is located just upstream from the promoter- 
enhancer machinery so that the first gene in 
the block is presumably as functional as the 
rest. Indeed, it is possible that transcription 
of the first gene is necessary for transcription 
to proceed to the remainder of the repeat 
units as recently suggested (19). 
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Risk of Human Immunodeficiency Virus (HIV- 1) 
Infection Among Laboratory Workers 

In a prospective cohort study of 265 laboratory and m a t e d  workers, one individual 
with no recognized risk factors for human immunodeficiency virus type 1 (HIV-1) 
infection was HIV-1 seropositive at the time of entry into the study. Molecular 
analyses of two HIV- 1 isolates derived in two independent laboratories from a blood 
sample from this worker showed that the isolates were indistinguishable from a 
genotypic form of HIV-1 present in the H9fHTLV-IIIB cell line. Exposure to this 
strain of virus most probably occurred during work with concentrated virus or culture 
fluids from virus-producing cell lines under standard Biosafety Level 3 containment. 
Although no specific incident leading to this infection has been identilied, undetected 
skin contact with virus culture supernatant might have occurred. This worker was the 
only one found to be positive among the subgroup of 99 workers who shared a work 
environment involving exposure to concentrated virus. The incidence rate of 0.48 per 
100 person-years exposure indicates that prolonged laboratory exposure to concen- 
trated virus is associated with some risk of HIV-1 infection, which is comparable to the 
risk for health care workers experiencing a needle stick exposure. While none of the ten 
workers with parenteral exposure to HIV-1 in this cohort became infected, a worker in 
another laboratory did seroconvert following an injury with a potentially contaminat- 
ed needle. Strict Biosafety Level 3 containment and practices should be followed when 
working with concentrated HIV-1 preparations, and further refinement of the 
procedures may be necessary. 

UMAN IMMUNODEFICIENCY VI- 

rus type 1 (HIV-l) ,  the etiologic 
agent of the acquired irnmunode- 

ficiency syndrome (AIDS), can be transmit- 
ted by sexual intercourse, by parenteral in- 
oculation including accidental needle stick, 
by transfusion of infected blood, or from 
mother to offspring probably in utero, but 
not by casual exposure (1-3). A few case 
reports suggest that direct exposure of the 
skin or mucous membranes to infected 
blood may result in the development of 
antibodies to HIV- 1 (seroconversion), par- 
ticularly if the integrity of the skin has been 
compromised by a dermatologic condition 
such as eczema (4). 

For more than 100 years infections have 
been recognized as occupational hazards 
among laboratory workers (5). Safety guide- 
lines and approaches have been adopted, 
including the current standards of contain- 
ment for-biologic agents (6). Biosafety Level 
3 practices are generally recommended for 
handling concentrated preparations of HIV- 
1, and Biosafety Level 2 for routine clinical 
specimens (7). 

Between 1985 and 1987, invitations to 
participate in a prospective cohort study to 
assess laboratory risk were extended to 
workers from 6 states in 15 laboratory facili- 
ties where there was a risk of possible expo- 
sure to HIV-1. Each subject signed an in- 

formed consent form and completed a two- 
part questionnaire. Blood samples were ana- 
lyzed for antibody to HIV-l and HTLV-I 
with standard commerciallv available en- 
zyme-linked immunosorbent assays 
(ELISA) . Follow-up blood samples and 
questionnaires were obtained every 8 to 12 
months. All specimens reactive in ELISA 
(including those with borderline reactiv- 
ities) were further evaluated by immuno- 
blots with disrupted HIV-1 and HTLV-I, 
by radioimmune precipitation assays with 
labeled HIV-1-producing H 9  cells, and by 
radioimmune assay for specific reactivity to 
HIV-1 or HTLV-I core (p24) or HIV-1 
envelope (gp120) proteins. Consent forms 
were held by a private physician, an expert in 
infectious diseases (F.A.G.), who informed 
each subject about test results. For any 
subject with a positive or borderline result, 
the physician provided counseling, per- 
formed a standardized physical examination 
for signs or symptoms of HIV-related con- 
ditions, and obtained additional blood spec- 
imens for HIV- 1 serology and viral isolation 
(8). The first part of the questionnaire fo- 
cused on occupational exposure to human 
retroviruses, accidents in the laboratory or 
elsewhere, and use of biosafety precautions 
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