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Publications on lab o ra to ry-associated in fec tions 
(LAIs) pro vi de crit i cal in for ma tion for pre ven tion 
strat e gies. The re view of ac tu al case stud ies il lus-

trates the im por tance of ad her ing to bio safe ty pro to cols 
and may trig ger chang es in lab o ra to ry pro ce dures. Singh 
has stat ed that it is time for a cen tral ized sys tem for re-
port ing, an a lyz ing, and com mu ni cat ing “les sons learned” 
about LAIs to be de vel oped (1). Surveys on some sub sets 
of lab o ra to ry work ers, and case re ports on in di vid u al 
LAIs, have been pub lished; how ev er, with out  a cen tral-
ized sys tem, it is im pos si ble to as sess the true in ci dence 
of LAIs. In ad di tion, the un der re port ing of such in fec-
tions is wide ly ac knowl edged due to fear of re pri sal and 
the stig ma as so ci at ed with such events (2).

To ad dress the need for col lect ing ad di tion al LAI da ta, 
ex perts have rec om mend ed that a “non pu ni tive sur-
veil lance and re port ing sys tem with the po ten tial for 
an o nym i ty” be im ple ment ed in the Unit ed States for 
di ag nos tic lab o ra to ries (3) and high-containment re-
search lab o ra to ries (4). This has not been im ple ment ed 
for all  LAIs; how ev er, man da to ry re port ing for in fec tions 
with Select Agents, a class of in fec tious agents that pose a 
se vere threat to hu man and an i mal health, has been in sti-

tut ed in the Unit ed States. Data are avail  able on the 
LAIs that oc curred with Select Agents in the Unit ed 
States for the years 2004–2012. Between 2004 and 2010, 
ap prox i ma te ly 10,000 re search ers had ac cess to Select 
Agents; eight pri ma ry LAIs oc curred, no sec ond ary LAIs, 
and no fa tal i ties. In ad di tion, three clin i cal lab o ra to ries 
re port ed LAI with Brucella, a Select Agent (5).

Systematic re port ing of LAI would sup port the as sess-
ment of con tain ment prac tices and the de vel op ment of 
ev i dence-based bio safe ty mea sures (6). Until mo re com-
pre hen sive da ta are avail  able, a lit er a ture re view such as 
this one pro vi des up dat ed in for ma tion about the types of 
mi cro or gan isms and ex po sures re spon si ble for LAIs and 
gen er ates aware ness that lab o ra to ry work ers con tin ue to 
be at risk of in fec tion.

EPIDEMIOLOGIC STUDIES OF LAI

In this chap ter, we re view the LAIs re port ed in the lit er a-
ture since 1979, com pare them to the da ta from the 1930–
1978 Pike and Sulkin sur veys, and pres ent a sum ma ry of 
the agents, routes of ex po sure, and types of ac tiv i ties, as 
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well as the host and en vi ron men tal fac tors avail  able on 
LAIs. Incidence da ta, when avail  able, are in clud ed. 
This sum ma ry was com piled to sup port the con tin ued 
de vel op ment of bio safe ty pro grams to min i mize the oc-
cu pa tion al risk of in fec tion from di ag nos tic, re search, 
teach ing, and pro duc tion ac tiv i ties. Information on haz-
ard as sess ment and pre ven tion strat e gies is avail  able in 
oth er chap ters.

Epidemiology is de fined as the study of the dis tri bu-
tion and de ter mi nants of dis eas es and in ju ries in hu man 
pop u la tions. That is, ep i de mi  ol ogy is con cerned with the 
ex tent and types of ill ness es and in ju ries in groups of 
peo ple and with the fac tors that in flu ence their dis tri bu-
tion. In the con text of this chap ter, the ill ness es are LAIs, 
and the fac tors an a lyzed in clude the in fec tious agent, the 
ac tiv i ties con duct ed when the ex po sure oc curred (clin i-
cal, re search, field, teach ing, an i mal work), and the routes 
of trans mis sion. Inherent in the defi  ni tion of ep i de mi  ol-
ogy is the ne ces si ty for mea sur ing the amount of dis ease 
in a pop u la tion or oc cu pa tion by re lat ing the num ber of 
cas es to a pop u la tion base. Cases or events that fit the case 
defi  ni tion are iden ti fied and count ed; the num ber of 
cas es in a po ten tial ly ex posed pop u la tion (at tack rates, 
or in ci dence) can then be cal cu lat ed and com pared to 
the rates of oc cur rence in oth er pop u la tions. Compari-
sons of the da ta from clin i cal, re search, and pro duc tion 
lab o ra to ries from pub lished case stud ies may be mis-
lead ing, be cause at tack rates for a giv en pop u la tion are 
rare ly avail  able.

Incidence

Estimates from the Pike da ta sug gest ed that the risk 
for re search ers was six to sev en times great er than that 
for hos pi tal and pub lic health lab o ra to ry work ers; the 
cal cu lat ed at tack rate for re search ers was 4.1 per 1,000 
(7). Reid, in 1957, re port ed that the in ci dence of tu ber-
cu lo sis among lab o ra to ry per son nel work ing with 
 Mycobacterium tu ber cu lo sis was three times high er 
than among those not work ing with the agent (8). Phil-
ips, in 1965, es ti mat ed that the fre quen cy of LAIs (us-
ing avail  able U.S. and Eu ro pe an da ta) re sult ed in the 
ex pect ed num ber of one to five in fec tions per mil li on 
work ing hours (9). A 1971 sur vey of lab o ra to ry-acquired 
cas es of tu ber cu lo sis, shig el lo sis, bru cel lo sis, and hep a-
ti tis in En gland and Wales re port ed an an nu al in ci-
dence rate of 43 in fec tions per 1,000 med i cal lab o ra to ry 
em ploy ees (10).

Since these ear ly stud ies, on ly a few sur veys, pri mar i ly 
in clin i cal lab o ra to ries, have pro vid ed in ci dence da ta. 
Grist (11, 12) re port ed that the in ci dence for clin i cal 
mi cro bi ol o gists was 9.4 in fec tions per 1,000 em ploy-
ees. Jacobson et al. sur veyed su per vi sors of 1,191 clin i cal 
lab o ra to ry work ers in Utah to de ter mine the LAIs that 

oc curred be tween 1978 and 1982. The an nu al in ci dence 
of LAIs in that pop u la tion was 3 per 1,000 em ploy ees (13). 
Further anal y sis of the da ta in di cat ed that the an nu al in-
ci dence in small lab o ra to ries (less than 25 em ploy ees) 
was great er than that in large lab o ra to ries (5.0 ver sus 1.5 
per 1,000) and that ap prox i ma te ly 1% of all  mi cro bi ol-
o gists re port ed an LAI. Vesley and Hartmann sur veyed 
LAIs among 4,202 pub lic health and 2,290 hos pi tal clin i-
cal lab o ra to ry em ploy ees (14). The an nu al in ci dence rate 
for all  full-time em ploy ees was cal cu lat ed at 1.4 in fec tions 
per 1,000 em ploy ees for pub lic health lab o ra to ries and 
3.5 in fec tions per 1,000 em ploy ees in hos pi tal lab o ra to-
ries. Incidence in mi cro bi ol o gy lab o ra to ries was high er, 
at 2.7 per 1,000 staff in pub lic health lab o ra to ries and 4.0 
per 1,000 em ploy ees in hos pi tal mi cro bi ol o gy labs. The 
rel a tive ly low in ci dence in the Vesley and Hartman study 
was at trib ut ed to safe ty aware ness and im prove ments 
in safe ty de vic es. A Jap a nese sur vey of clin i cal lab o ra to ry 
work ers in 306 hos pi tals cit ed an an nu al in ci dence rate of 
2.0 in fec tions per 1,000 per sons (15).

Baron and Mil ler con duct ed a vol un tary on line sur vey 
of clin i cal mi cro bi ol o gy lab o ra to ry di rec tors be tween 
2002 and 2004 (16). Forty-five LAIs were re port ed by 
di rec tors of 88 U.S. hos pi tal lab o ra to ries of var i ous siz es 
and three ref er ence lab o ra to ries. The cal cu lat ed in ci-
dence of LAIs was com pared with in ci dence of in fec tion 
in the gen er al pop u la tion aged 30–59. Clinical mi cro bi ol-
o gists were at high risk for Brucella in fec tions, with cal-
cu lat ed in ci dences of 641 cas es per 100,000 lab o ra to ry 
tech nol o gists, com pared to 0.08 cas es per 100,000 in the 
gen er al pop u la tion. The in ci dence of Neisseria meningiti
dis was 25.1 per 100,000 for mi cro bi ol o gists com pared to 
0.6 per 100,000 for the gen er al pop u la tion; for Esche
richia coli O157H7, it was 83 ver sus 0.96. The risk of Shi
gella in fec tion was the same in both pop u la tions (6 per 
100,000) and near ly the same for Coccidioides (13.6 per 
100,000 mi cro bi ol o gists versus 12 per 100,000 gen er al 
pop u la tion). The in ci dence of Salmonella and Clostridium 
dif  cile in fec tions was low er in mi cro bi ol o gists than in 
the gen er al pop u la tion. For Salmonella, the in ci dence for 
clin i cal lab o ra to ry staff was 1.5, com pared to the in ci-
dence in the gen er al pop u la tion of 17.9 per 100,000; for 
C. dif  cile the in ci dence was 0.2 com pared to 8 per 100,000 
in the gen er al pop u la tion (16).

Interventions Based on LAIs

Many re ports al so doc u ment re spon si ble in ter nal re view 
of the fac tors con trib ut ing to the LAI. An ex am ple would 
be the re port on a LAI that oc curred when a tech ni cian 
was sub cul tur ing a col lec tion of N. meningitidis iso lates. 
In com pli ance with the ex ist ing lab o ra to ry pro to cols, 
the in fect ed tech ni cian con duct ed the work on the open 
bench and used glass Pas teur pi pettes to re move col o nies 
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from the fro zen agar sur face. Analysis of the lab o ra to ry 
pro ce dures af ter the LAI was con firmed re sult ed in pro-
to col re vi sions to pre vent  recurrence. After the LAI, 
lab o ra to ry pro ce dures were up dat ed. Subculturing the N. 
meningitidis iso lates is con duct ed in the bio safe ty cab i-
net, soft cot ton swabs have re placed the glass Pas teur pi-
pettes, and the vac cine against N. meningitidis is off ered 
to staff (17). In an oth er in ci dent, a glass lyophilization 
vi al punc tured a re search er’s gloved hand, re sult ing in 
a buffalopox LAI. To pre vent recurrence, the freez ing 
tem per a ture for the vi als pri or to ly oph i li za tion was re-
duced to −60oC and a bet ter-quality glass vi al is now used 
(18). The “les sons learned” from these in ci dents were 
pub lished to pre vent ad di tion al LAIs in staff con duct ing 
sim i lar pro ce dures.

In 2011, the Centers for Disease Control and Preven-
tion (CDC) re port ed on 109 cas es linked to clin i cal and 
teach ing mi cro bi ol o gy lab o ra to ries. The cas es were iden-
ti fied through PulseNet, the elec tron ic mon i tor ing sys-
tem for foodborne out  breaks in the Unit ed States. Twelve 
per cent of the cas es re quired hos pi tal i za tion, and there 
was one fa tal i ty. Fifty-four cas es re spond ed to CDC sur-
veys, and 65% re port ed as so ci a tion with a uni ver si ty/col-
lege/community col le ge teach ing lab o ra to ry (19). An 
in ves ti ga tion re vealed that the fa cil i ties and safe ty pol i-
cies in all  of the teach ing lab o ra to ries were es sen tial ly 
equiv a lent. However, stu dents in lab o ra to ries with out  
LAIs were mo re fa mil iar with bio safe ty train ing and the 
symp toms of in fec tion as so ci at ed with the agents stud-
ied. This led to the de sign of a post er for the stu dent pop-
u la tion il lus trat ing that ob jects such pens, lab note books, 
and cell phones or per son al mu sic de vic es used in the lab 
can be a source of in fec tion. The post er al so pro mot ed ef-
fec tive pre ven tive mea sures such as hand wash ing to pre-
vent trans mis sion of LAI. In ad di tion to ad vi ce for 
stu dents, the CDC Salmonella out  break web site has a 
mes sage for teach ers and clin i cal su per vi sors on pre ven-
tion of LAI. Another out  break linked to clin i cal and 
teach ing mi cro bi ol o gy lab o ra to ries was re port ed in 2014, 
with 41 cas es, 36% hos pi tal i za tion, and no fa tal i ties (20). 
The post er has pro vid ed su per vi sors with an ex cel lent 
train ing tool; how ev er, it is an on go ing chal lenge to re in-
force ap pro pri ate work prac tices with each new class of 
in ex pe ri enced stu dents.

LAIs: THE CONTINUUM

LAIs were not a new phe nom e non in the 20th cen tu ry, 
as his tor i cal ac counts of ty phoid, Brucella, and tet a nus 
were re cord ed as ear ly as 1885, 1887, and 1893, re spec-
tive ly (21, 22). Reports from the 1930s and 1940s dem on-
strate that mi cro bi al agents were po ten tial ly haz ard ous 
to in di vid u als with in the lab o ra to ry and posed some risk 

to those work ing in close prox im i ty to the lab o ra to ries 
(23, 24).

LAIs are de fined as all  in fec tions ac quired through 
lab o ra to ry or lab o ra to ry-related ac tiv i ties re gard less of 
wheth er they are symp tom at ic (overt) or asymp tom at ic 
(sub clin i cal) in na ture. In 1950, Sulkin and Pike cir cu-
lat ed a ques tion naire to 5,000 lab o ra to ries in the Unit ed 
States, in clud ing those as so ci at ed with state and lo cal 
health de part ments, ac cred it ed hos pi tals, pri vate schools 
of med i cine and vet er i nary sci ence, un der grad u ate teach-
ing in sti tu tions, man u fac tur ers of bi o log ic prod ucts, and 
var i ous gov ern ment agen cies. The ques tion naire so lic-
it ed in for ma tion on un re port ed in fec tions re sult ing from 
lab o ra to ry work and slight ly mo re than half of those sur-
veyed re spond ed (23, 24). During the pe ri od 1930–1975, 
these au thors pub lished cu mu la tive da ta de scrib ing 3,921 
LAIs in the Unit ed States and oth er coun tries (25, 26). In 
1978, Pike add ed 158 new in fec tions, bring ing the to tal to 
4,079 doc u ment ed LAIs, 168 of which were fa tal (27). As 
an ap par ent re flec tion of the work be ing per formed in 
the re spond ing lab o ra to ries at that time, bac te ria ac-
count ed for 1,704 of the in fec tions, vi rus es for 1,179, rick-
ett sia for 598, fun gi for 354, chla myd ia for 128, and 
par a sites for 116. Bacteria or vi rus es were as so ci at ed with 
mo re than two-thirds of the le thal and non le thal in fec-
tions. Brucella, Coxiella burnetii, hep a ti tis B vi rus, Salmo
nella enterica serovar Typhi, Francisella tularensis, and 
M. tu ber cu lo sis, as shown in Table 1, were the infections 
re port ed most fre quent ly (28). While the risk of in fec tion 
with these agents re mained, Pike not ed that most (96%) 
Brucella and ty phoid fe ver cas es and 60% of hep a ti tis 
cas es were re port ed be fore 1955. Unfortunately, be tween 
1979 and 2015, Brucella spp., M. tu ber cu lo sis, C. burnetii, 
Salmonella spp., and hep a ti tis B vi rus have re mained 
among the top 10 caus es of re port ed LAIs (see Table 1).

In an at tempt to ex tend the Sulkin and Pike LAI da ta, 
475 ref er ences pub lished be tween 1979 and 2015 were re-
viewed to de ter mine the mi cro or gan isms as so ci at ed with 
lab o ra to ry in fec tions, the pri ma ry func tion of the fa cil i-
ties in which the in fec tions oc curred, and the type of 
work ac tiv i ty as so ci at ed with the event. To be in clud ed in 
this sur vey, an in fec tion had to re sult from lab o ra to ry 
work, and the in fect ed in di vid u al had to be a lab o ra to ry 
work er or an oth er per son who in ad ver tent ly was ex-
posed (by be ing in the ar ea) as a re sult of work with the 
in fec tious agents or in fect ed an i mals. Secondary in fec-
tions were al so not ed in this lit er a ture sur vey and are de-
fined here as LAIs trans mit ted by a lab o ra to ry work er to 
a per son not as so ci at ed with, or in the vi cin i ty of, the lab-
o ra to ry, such as a fam i ly mem ber or health care pro vid er. 
These sec ond ary in fec tions were not in clud ed in the pri-
ma ry LAI count un less they were re spon si ble for a fa tal-
i ty. A ter tia ry in fec tion re sults from trans mis sion from 
a sec ond ary in fec tion. During the pe ri od 1979–2015, 
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pub li ca tions de scribed 2,376–2,392 symp tom at ic in fec-
tions with 42 deaths, 19 sec ond ary in fec tions, and 8 ter-
tia ry in fec tions. The overt in fec tions were caused by 
bac te ria (51%), vi rus es (32%), rick ett sia (9%), par a sites 
(7%), and fun gi (<1%). This in for ma tion is sum ma rized in 
Table 2 by cat e go ry of agent and avail  able pub lished in-
for ma tion on asymp tom at ic, sec ond ary, and ter tia ry LAIs 
is al so in clud ed. If the rick ett si al in fec tions are in clud ed 
with bac te ria, as is the case to day, 60% of the LAIs are 
bac te ri al in or i gin.

Laboratory Function

The dis tri bu tion of the symp tom at ic in fec tions ac cord ing 
to type of work per formed in a fa cil i ty is shown in Table 
3. Clinical (di ag nos tic) and re search lab o ra to ries ac count 

for (17% and 59%, re spec tive ly) of the symp tom at ic in fec-
tions re port ed in the ear li er Sulkin and Pike sur veys and 
(42% and 36%, re spec tive ly) in the 1979–2015 sur vey. It 
ap pears that mo re LAIs from clin i cal lab o ra to ries are be-
ing re port ed in re cent years. The in creas es in re port ed 
clin i cal in fec tions may be due in part to a mo re ac tive em-
ploy ee health pro gram. Another ex pla na tion is that, dur-
ing the ear ly stag es of cul ture iden ti fi ca tion, per son nel 
are work ing with un knowns and may not be us ing ad e-
quate con tain ment pro ce dures. Clinical mi cro bi ol o gy 
staff re ly on phy si cian no ti fi ca tion that a sam ple is sus-
pect ed of con tain ing a path o gen trans mit ted by the aero-
sol route to avoid work ing on the open bench; 
un for tu nate ly, the pres ence of a Risk Group 3 path o gen is 
not al ways sus pect ed or the no ti fi ca tion does not al ways 
oc cur. For ex am ple, de spite a hos pi tal pol i cy re quir ing 

TABLE 1.

 Comparison of 10 most com mon ly re port ed LAIs

1930–1978a 1979–2015

Rank Agentb No. LAIs
No. 

deaths Rank Agentb No. LAIs No. deaths

1 Brucella spp. 426 5 1 Brucella spp. 378 4c

2 Coxiella burnetii 280 1 2 Mycobacterium tu ber cu lo sis 255 0

3 Hepatitis B 268 3 3 Arbovirusesd 222 3

4 Salmonella enterica serovar Typhi 258 20 4 Salmonella spp. 212 2e

5 Francisella tularensis 225 2 5 Coxiella burnetii 205 3

6 Mycobacterium tu ber cu lo sis 194 4 6 Hantavirus 189 1

7 Blastomyces dermatitidis 162 0 7 Hepatitis B virus 113 1

8 Ven e zu e lan equine  
en ceph a li tis vi rus

146 1 8 Shigella spp. 88 0

9 Chlamydia psittaci 116 9 9 Human immunodeficiency vi rus 48 Not known

10 Coccicioides immitis 93 10 10 Neisseria meningitidis 43 13

2,168 48 1,753 24
aAdapted from ref er ence 27.
bNot in clud ed are 113 cas es of hem or rhag ic fe ver con tract ed from wild ro dents in one lab o ra to ry in Rus sia in 1962 (486).
cAll deaths are abort ed fe tus es.
dTypical ar bo vi rus es and orbiviruses, rhab do vi rus es, and ar e na vi rus es that are as so ci at ed with ar thro pods or have zoo not ic cy cles (233), with additional arboviral 
re ports add ed.
eOne death was a sec ond ary ex po sure case (47).

TABLE 2.

 Total LAIs 1979–2015

Catgory of agent Symptomatic Asymptomatic Total pri ma ry LAIs Deaths
Secondary 
in fec tions

Tertiary 
in fec tions

Bacteria 1,212–1,226 142 1,354–1,368 21 12 3

Rickettsiae 205 269 474 1 0 0

Viruses 764–766 439 1,203–1,205 19 7 5

Parasites 170 4 174 0 0 0

Fungi 25–26 0 25 0 0 0

Total 2,376–2,392 854 3,230–3,246 41 19 8
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no ti fi ca tion, no pre cau tion ary state ments ac com pa nied 
the sam ples sub mit ted from a sus pect ed F. tularensis in-
fec tion. As a re sult of the miss ing no ti fi ca tion, 12 mi cro-
bi ol o gy staff and two au top sy staff re ceived an ti bi ot ic 
post ex po sure pro phy lax is (PEP) (29). In ad di tion, be-
cause no ti fi ca tions ad vis ing the need for bio safe ty lev el 
3 (BSL3) prac tices are in fre quent, clin i cal lab o ra to ry 
per son nel may be un aware of the pro ce dur al chang es 
re quired to safe ly han dle atyp i cal spec i mens (30).

Underreporting

Table 3 pro vi des da ta on the ac cu mu lat ed re ports of LAIs 
over the past 85 years and the set ting in which the LAIs 
oc curred. It is wide ly ac cept ed (24, 31) that the num bers 
rep re sent a sub stan tial un der es ti ma tion of the ex tent of 
LAIs. Many sci en tists (32) and safe ty pro fes sion als can re-
count nu mer ous un re cord ed cas es. With im prove ments 
in con tain ment prac tices and equip ment, and oc cu pa-
tion al health pro grams pro vid ing im mu ni za tion and post-
prophylaxis ther a py, one would ex pect that the num ber of 
in fec tions due to bac te ri al, rick ett si al, and fun gal agents 
would be de creas ing. This ap pears to have oc curred in the 
clin i cal lab o ra to ries of the United Kingdom, where the in-
ci dence of LAI was 62.7 cas es per 100,000 per son-years in 
1988–1989 sur veys (11) com pared to 16.2 cas es per 100,000 
per son-years re port ed in the 1994–1995 sur veys (33).

RECENT INFORMATION ON WORKPLACE 
EXPOSURES

Bacterial LAIs

Table 4 sum ma rizes in for ma tion on the bac te ri al in fec-
tions pub lished in the lit er a ture dur ing the pe ri od 1979–

2015. During the past 36 years, 1,212 symp tom at ic LAIs, 
142 asymp tom at ic in fec tions, 12 sec ond ary in fec tions, 
and 3 ter tia ry in fec tions due to bac te ria were re port ed. 
The most fre quent ly re port ed bac te ri al in fec tions were 
Brucella spp. (389–393 LAIs), M. tu ber cu lo sis (243–246 
LAIs), Salmonella (133–137 LAIs), Shigella (90 LAIs), 
N. meningitidis (43 LAIs), and Chlamydia (20 LAIs). A 
range is re port ed for a few spe cies to in clude the da ta 
con sol i dat ed from two sur veys con duct ed in Bel gium 
for the pe ri od 2007–2012 (34).

Twenty-two fa tal i ties due to bac te ri al LAIs oc curred; 
13 fa tal LAIs were due to N. meningitidis (33, 35–41); 
4  in volved preg nan cies that re sult ed in abort ed fe-
tus es as a con se quence of LAIs with Brucella melitensis 
(42–45); 3 were due to Salmonella spp., one of which 
was a sec ond ary in fec tion (19, 46, 47); and one each for 
the at ten u at ed (48) and wild-type strain of Yersinia 
pestis (49).

Secondary in fec tions, the trans mis sion of a LAI to 
an oth er per son out  side the work en vi ron ment, are rare. 
Between 1979 and 2015, 12 sec ond ary bac te ri al in fec-
tions and three ter tia ry bac te ri al in fec tions oc curred. A 
pri ma ry LAI with Shigella sonnei in a clin i cal lab o ra to ry 
re sult ed in the sec ond ary trans mis sion to a grand child, 
with ter tia ry in fec tions in three ad di tion al rel a tives (50). 
Four sec ond ary in fec tions in chil dren un der age 4 oc-
curred with Salmonella Typhimurium in a 2011 out  break 
as so ci at ed with teach ing or clin i cal lab o ra to ries (19). Two 
sep a rate in ci dents of sec ond ary Brucella in fec tions were 
at trib ut ed to sex u al trans mis sion (51, 52). A mi cro bi ol o-
gist pre pared din ner and trans mit ted Salmonella to his 
wife and son (47). A lac tat ing moth er with an LAI trans-
mit ted Leptospira interrogans to her in fant through breast 
milk (53). Two sec ond ary trans mis sions of Bordetella 
per tus sis oc curred (54).

TABLE 3.

 Number of LAIs as so ci at ed with in di cat ed pri ma ry work pur pose

Clinical Research Production Teaching Site not list ed Field Total

1930–
1975a

1979–
2015

1930–
1975

1979–
2015

1930–
1975

1979–
2015

1930–
1975

1979–
2015

1930–
1975

1979–
2015

1979–
2015

1930–
1975

1979–
2015

1930–
2015

Bacteria 396 783 914 122 40 81 69 181 378 45–59 1 1,797 1,212–
1,226

3,009–
3,023

Rickettsiae 27 1 455 204 18 0 0 0 73 0 573 205 778

Viruses 173 215 706 497 73 9 15 13 82 9–10 16 1,049 760–
761

1,809–
1,810

Parasites 18 5 70 77 0 0 4 81 23 6 1 115 170 285

Fungi 43 4 155 16 2 0 18 1 135 4–5 0 353 25–26 378–
379

Unspecified 20 — 7 0 1 0 0 6 34 — 34

 Total 677 1,008 2,307 916 134 90 106 276 697 58–74 18 3,921 2,372–
2,388

6,293–
6,309

aAdapted from ref er ence 26.
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64  |  HAZARD IDENTIFICATION

TABLE 4.

Bacterial LAI references 1979–2015

Agent

Number of LAI

ReferencesOvert Subclinical

Bacteria

Bacillus anthracis 1 1 88, 155

Bacillus Calmette-Guérin 2 0 34, 147

Bacillus ce re us 1 0 325

Bacteroides asaccharolyticus 1 326

Bartonella henselae 3 0 34, 158

Bordetella per tus sis 12 0 54, 327

Brucella spp. 389–393 24 5, 6, 16, 30, 34, 42–45, 51, 52, 56–62, 69, 75, 76, 93, 94, 96–124, 130, 
328–341; J. Suen, 32nd Biol. Safety Conf.,a 1989; D.T. Brayman, 32nd 
Biol. Safety Conf.,a 1989

Burkholderia pseudomallei and B. 
 mal lei

3 3 78, 318, 342

Campylobacter spp. 5–6 0 12, 15, 34, 343, 344

Chlamydia spp. 20 20 93, 142–145, 345–347; K. Pe ter son, 25th Biol. Safety Conf.,a 1982

Clostridium dif fi cile 3 0 16, 89

Corynebacterium diphtheriae 2 0 67, 68

Corynebacterium equi 1 0 348

Enterobacter aerogenes 1 0 349

Escherichia coli O157 and SP88,  
 Klebsiella

22 0 16, 33, 64–66, 148, 151, 152, 332, 350–356

Francisella tularensis 11 0 5, 86, 87, 357–361

Gastrospirillum hominis 1 0 90

Haemophilus ducreyi 2 0 13, 362

Helicobacter py lo ri 4 0 363–365

Leptospira interrogans 8 0 53, 93, 366–368

Listeria monocytogenes 2 0 6, 34

Mycobacterium bovis 1 0 369

Mycobacterium kansasii 1 0 370

Mycobacterium leprae 1 0 156

Mycobacterium tu ber cu lo sis 255–259 96 11–13, 15, 33, 34, 93, 125, 126, 129–137, 139, 371–378; D. Rob bins, 
40th Biol. Safety Conf.,a 1997; D. Vesley, 42nd Biol. Safety Conf.,a 1999

Mycoplasma pneumoniae 4 0 15, 34

Neisseria gonorrhoeae 7 0 379–383; R. Hackney, 28th Biol. Safety Conf.,a 1985

Neisseria meningitidis 43 1 16, 17, 35–41, 63, 80–84, 351, 384–388

Pasteurella multocida 2 0 146

Salmonella spp. 212 0 11, 12, 15–17, 19, 34, 46, 47, 70–73, 77, 93, 131, 132, 149, 332, 389–395

Shigella spp. 88 0 11–13, 16, 33, 34, 50, 130–132, 150, 248, 332, 351, 396–399; D. Vesley, 
30th Biol. Safety Conf.,a 1987; H. Mathews, 42nd Biol. Safety Conf.,a 1999

Staphylococcus spp. 18 0 13, 16, 33, 55, 332, 400, 401; D. Vesley, 30th Biol. Safety Conf.,a 1987

Streptobacillus moniliformis 2 0 74, 402

Streptococcus spp. 12 0 12, 13, 131, 403–406

Vibrio cholerae and V. 
parahaemolyticus

4 0 91, 131, 407, 408

Yersinia pestis 2 0 49, 85

Total bac te ria 1,212–1,226 142

(continued )
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The asymp tom at ic in fec tions in clud ed se ro log i cal ev i-
dence with out  clin i cal symp toms for or gan isms such as 
Brucella and Chlamydia as well as six in ci dences of na sal 
car riage of meth i cil lin-resistant Staphylococcus au re us 
(MRSA) with out  clin i cal symp toms. In one case, the same 
strain of MRSA worked with in the lab o ra to ry was iso-
lat ed from the na sal pas sag es of both a lab o ra to ry work er 
and the work er’s cat (55).

Infections in clinical laboratories
A ma jor i ty of the bac te ri al LAIs oc curred in clin i cal lab o-
ra to ries, and four of these oc curred in vet er i nary di ag-
nos tic lab o ra to ries. A sur vey of 88 hos pi tal mi cro bi ol o gy 
lab o ra to ries and three na tion al ref er ence lab o ra to ries was 
con duct ed for the years 2002–2004 (16). In that 2-year 
pe ri od, the bac te ri al LAIs re port ed were Shigella (15 
LAIs), Brucella (7 LAIs), Salmonella spp. (7 LAIs), S. au re us 
(6 LAIs, with 5 of these be ing meth i cil lin-resistant), 
N. meningitidis (4 LAIs), E. coli O157:H7 (2 LAIs), and 
C. dif  cile (1 LAI).

It should be not ed that a sin gle un ex pect ed iso la tion of 
Brucella can re sult in mul ti ple ex po sures. Analysis of two 
cas es of Brucella in clin i cal mi cro bi ol o gists re vealed that 
146 staff were po ten tial ly ex posed to the same sam ples; 
an ti bi ot ic PEP was off ered to those at high risk of ex po-
sure, and se rol o gy in di cat ed that no one oth er than the 
two pre vi ous ly iden ti fied LAIs had been in fect ed (56). 
Sufficient da ta have been col lect ed from Brucella LAIs to 
de fi ne cri te ria for staff at high risk of in fec tion and a strat-
e gy for off er ing an ti bi ot ics for PEP (56). This was im por-
tant for the prop er fol low-up to the clin i cal pro fi cien cy 
test of 2007 that in volved send ing an “un known” sam ple 
to 1,317 lab o ra to ries in the Unit ed States and Can a da. The 
lab o ra to ries were in formed that the sam ples should be 
han dled in a Class II bio safe ty cab i net us ing BSL3 prac-
tices to iden ti fy the sam ple. Unfortunately, 916 lab o ra to ry 
work ers were ex posed to the sam ple, iden ti fied as Bru
cella RB51, in clud ing 679 staff (74%) with high-risk ex po-
sures and 237 (26%) with low-risk ex po sures. PEP was 
off ered, and no cas es of bru cel lo sis were re port ed (30). 
Other case re ports doc u ment the var i able and some times 
long in cu ba tion pe ri od pri or to the de vel op ment of clin i-

cal symp toms of bru cel lo sis re sult ing from ex po sures in 
clin i cal lab o ra to ries (43, 57–61). Recurrent in fec tions are 
al so an is sue with Brucella; an ex am ple is a re cur rent case 
of acute hep a ti tis in a clin i cal mi cro bi ol o gist (62). The U.S. 
Select Agent pro gram doc u ment ed three Brucella in fec-
tions be tween 2004 and 2010 in clin i cal lab o ra to ries (5).

There are 43 pub lished LAIs of N. meningitidis in fec-
tion; 13 were fa tal. Thirty-seven LAIs from N. meningitidis 
oc curred in clin i cal lab o ra to ries; 11 were fa tal. Between 
1985 and 1999, five mi cro bi ol o gists in En gland and Wales 
were in fect ed (35). Sejvar re viewed 16 cas es of N. menin
gitidis LAIs be tween 1985 and 2000; 8 were fa tal (41). 
This prompt ed the CDC to rec om mend that sam ples 
drawn from ster ile sites (blood, ce re bro spi nal flu id, in ner 
ear flu id) be han dled on ly in the bio safe ty cab i net, even 
for the ini tial plat ing. The Sejvar ar ti cle was sub mit ted in 
a suc cess ful ap peal to the New Zea land Department of 
Labor to eval u ate wheth er a se ri ous case of N. meningiti
dis was oc cu pa tion al ly ac quired; ge net ic map ping in di-
cat ed that the in fec tion was an LAI (63).

E. coli O157:H7 and E. coli VTEC O117:K1:H7 have a 
low in fec tious dose, and in fec tions oc cur even when no 
lab o ra to ry er rors or in ci dents are iden ti fied (64, 65). 
However, one re port on four LAIs with O157 un der scores 
the im por tance of ad her ing to strict BSL2 prac tices and 
es tab lished lab o ra to ry pol i cies (66). A Corynebacterium 
diphtheriae LAI oc curred in an ex pe ri enced lab tech ni-
cian who took an ad vanced train ing course and, with out  
in ci dent, per formed a Gram stain and tox ic i ty tests (67); 
an oth er C. diphtheriae LAI oc curred dur ing a pro fi cien cy 
test ing ex er cise (68).

Infections in teaching laboratories
Teaching lab o ra to ries were the set ting for a num ber of 
bac te ri al in fec tions. Twenty-seven stu dents and their 
teach er were in fect ed with Brucella in a vet er i nary teach-
ing lab o ra to ry in China (69). Twenty-four stu dents in col-
le ge lab o ra to ries study ing clin i cal mi cro bi ol o gy in the 
Unit ed States were in fect ed with S. Typhimurium (19); 
some of the stu dents were al so work ing in a clin i cal 
lab o ra to ry (Gaines, per son al com mu ni ca tion). Two of the 
LAIs in this clus ter oc curred at a uni ver si ty that, 3 years 

Agent

Number of LAI

ReferencesOvert Subclinical

Rickettsia

Coxiella burnetii 195 267 121, 159, 160, 409–416

Rickettsia typhi and oth er ty phus 
groups

10 2 161–165, 417

Total Rickettsia 205 269
a  References for Biol. Safety Conf. are abstracts of meetings sponsored by the American Biological Safety Association International, Mundelein, IL.

TABLE 4.

(Continued)
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ear li er, had re moved S. Typhimurium from the cur ric u lum 
due to safe ty con cerns. During the out  break in ves ti ga tion, 
it was de ter mined that the stock cul ture of Citrobacter 
freundii used for stu dent iden ti fi ca tion of “un known spec-
i mens” was ac tu al ly a mislabeled S. Typhimurium cul ture 
(70). Two ad di tion al cas es were re port ed in 2013 (71). An-
other stu dent con tract ed S. Typhimurium en ter i tis as so ci-
at ed with er y the ma nodosum and re ac tive ar thri tis caused 
by the strain used in her mi cro bi ol o gy class (72). Typhoid 
fe ver with se ri ous com pli ca tions de vel oped 3 weeks af ter a 
stu dent par tic i pat ed in a class room iden ti fi ca tion ex er cise 
in volv ing S. enterica serovar Typhi (73). A sin gle case of 
Streptobacillus moniliformis oc curred when a psy chol o gy 
un der grad u ate stu dent was bit ten by a rat (74).

Infections in production laboratories
A to tal of 73 LAIs were as so ci at ed with pro duc tion of 
vac cines against B. per tus sis (R. Mc Kin ney et al., 28th 
Biol. Safety Conf., 1985) (54), Brucella (60, 75, 76), and 
Salmonella (77). The ma te ri als from a spill clean up in a 
Salmonella poul try vac cine plant in fect ed 21 staff (77). 
Fifteen work ers at a Brucella S19 plant had ac tive bru cel lo-
sis, and 6 had asymp tom at ic in fec tions (76). Twenty-two 
work ers at a Brucella rev-1 vac cine plant de vel oped bru cel-
lo sis, and 6 had asymp tom at ic in fec tions (60). One Burk
holderia pseudomallei in fec tion oc curred when a cul ture 
mis tak en ly be lieved to be Pseudomonas cepacia was son i-
cat ed on the open bench for en zyme prep a ra tion (78).

An out  break oc curred from the wind-borne spread of 
an thrax from a mil i tary mi cro bi ol o gy plant in Rus sia. The 
77 in di vid u als, 68 of whom died as a re sult of ex po sure to 
Bacilllus anthracis, were not in clud ed in this sur vey (79).

Infections in research laboratories
A to tal of 116 bac te ri al in fec tions were re port ed from re-
search fa cil i ties. Six cas es of N. meningitidis infection oc-
curred in re search lab o ra to ries (39, 80–84). Fatalities 
re sult ed from an LAI with N. meningitidis se ro type B (39) 
and from an LAI with an at ten u at ed strain of Y. pestis 
(85). The U.S. Select Agent pro gram re port ed three B. 
melitensis LAIs and four F. tularensis LAIs. Three re-
search ers in the same lab o ra to ry were in fect ed by han-
dling F. tularensis in cor rect ly as sumed to be the avir u lent 
strain (86). In an oth er case, vid eo sur veil lance tapes of 
work in the bio safe ty cab i net were an a lyzed af ter di ag-
no sis of an LAI with F. tularensis; the un vac ci nat ed re-
search er wore in suffi  cient re spi ra to ry pro tec tion and 
dis posed of con tam i nat ed waste ma te ri als out  side the 
bio safe ty cab i net (87). A re search er did not no tice that a 
pa per tow el was con tam i nat ed with spores be fore dis-
pos ing of it out  side the bio safe ty  cab i net; the fol low-up 
na sal cul ture was pos i tive for B. anthracis (88).

Case stud ies of grad u ate stu dents in fect ed while con-
duct ing re search ac tiv i ties in clude a Ph.D. stu dent in fect ed 

with C. dif  cile (89). An in fec tion with Gastrospirillum 
hominis was at trib ut ed to in ges tion (90). The in fect ed re-
search er did not wear gloves dur ing the dis sec tion of a 
cat stom ach and al so was splat tered on the face and glass es 
with ma te ri al from the tis sue bath (90). Another stu dent 
was in fect ed dur ing the su per vi sed clean up of a spilled 
shak er flask of Vibrio cholerae; this was the first case of 
in dig e nous chol era re port ed in Aus tria in 50 years (91).

Means of exposure for bacterial LAIs
Sniffing plates for iden ti fi ca tion pur pos es is fre quent ly 
cit ed as a route of aero sol ex po sure. An ex per i men tal 
eval u a tion of this risk was con duct ed us ing over night 
cul tures and an air sam pler (92). The high est num ber of 
or gan isms from a 4-minute air sam ple was from S. au re us 
(12.5 CFU/ml). Bacillus spp., B. pseudomallei, Pseudomo
nas aeruginosa, and non patho gen ic E. coli pro duced 6.25 
CFU/ml. The au thors con clude that the risk is low, be-
cause a sniff is es ti mat ed to in hale 50 to 200 ml of air; 
how ev er, the rec om men da tion is avoid ance if a path o gen 
trans mit ted by the air borne route is sus pect ed (3). Baron 
and Mil ler (16) state that the at tri bu tion of sniffi ng plates 
as a cause of LAI may be his tor i cal; sub cul tur ing, pre par-
ing smears, and per form ing cat a lase as says are mo re 
like ly sourc es of aero sol trans mis sion.

Brucella infections
Aerosol ex po sures to Brucella oc curred in clin i cal, pro-
duc tion, and re search lab o ra to ries, with in fec tions 
doc u ment ed in staff that were not work ing di rect ly with 
the or gan ism. Although mu cous mem brane ex po sures 
from splashed cul tures (42, 44, 45) and par en ter al ex po-
sures (42, 93) were re port ed, these cause less than 20% of 
the ex po sure in ci dents (94).

Brucella infections in clinical laboratories. In ad di-
tion to Brucella ex po sure in ci dents de scribed pre vi-
ous ly in this chap ter (56, 95), 31% of the staff in a large 
U.S. clin i cal lab o ra to ry were in fect ed when one slant 
was sub cul tured on the open bench (61). Brucella is an 
en dem ic zoo not ic in many coun tries, which in creas es 
the risk of in fec tion in the gen er al pop u la tion and in 
clin i cal lab o ra to ry staff. For ex am ple, 2.5% of the pos i-
tive aer o bic blood cul ture re sults from 2002–2009 in an 
ar ea of south ern Is ra el were pos i tive for B. melitensis. 
Because a sig nifi  cant amount of han dling oc curs pri or 
to iso late iden ti fi ca tion, it is rec om mend ed that, in 
coun tries where Brucella is en dem ic, all  pos i tive blood 
cul tures be ma nip u lat ed in the bio safe ty cab i net to pre-
vent ex po sures (96). Routine iden ti fi ca tion pro ce dures 
con duct ed on the open bench re sult ed in 7 LAIs in Sau-
dia Ara bia (97), 12 LAIs in Turkey (98), 7 LAIs in Is ra el 
(94), and 38 LAIs in Iran (99). An LAI in Aus tra lia re-
sult ed from a Brucella suis iso la tion; the sam ples were 
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from a hunt er of fe ral pigs (100). In Bei jing, a nonen-
demic ar ea of China, a lab o ra to ry tech ni cian was in-
fect ed by an iso late from an acute case of bru cel lo sis; 
the in dex case was a fur-maker from Inner Mon go lia 
(101). Travel-associated in fec tions in tour ists were the 
source of seven LAIs in clin i cal lab o ra to ry staff in Ger ma ny 
(102). LAIs with B. melitensis in clin i cal lab o ra to ries in 
France, Turkey, Can a da, and Sau di Ara bia (98, 103–109) 
were at trib ut ed to sniffi ng plates.

There are sev er al re ports of mis iden ti fi ca tion of Bru
cella from com mer cial bac te ri al iden ti fi ca tion kits; this 
re sult ed in ex po sures when an ti bi ot ic sen si tiv i ty test ing 
pro ce dures were con duct ed on the open bench (57, 109–
112). According to two re ports, the clin i cal lab o ra to ry 
work er was in fect ed while cul tur ing the blood of a lab 
work er with a LAI (110, 113). A sim i lar event oc curred 
when, fol low ing mis iden ti fi ca tion, in dex pa tient cul tures 
were for ward ed to ref er ence lab o ra to ries where two staff 
mem bers were ex posed and de vel oped bru cel lo sis (114, 
115). Bouza et al., in a ret ro spec tive study of Brucella in-
fec tions in clin i cal lab o ra to ry staff in Spain, an a lyzed 75 
LAIs; 62 oc curred be tween 1980 and 1999 and were in-
clud ed in this sur vey (116). These in ves ti ga tors found that 
the num ber of LAIs cor re lat ed with the num ber of Bru
cella iso la tions in the lab o ra to ry. Attack rates were: 6.4% 
in labs with less than five iso la tions of Brucella per year, 
13.9% for labs with 5–10 iso lates per year, 21.4% for labs 
with 11–20 iso lates per year, and 46% for labs with mo re 
than 20 iso la tions of Brucella spp. per year. The route of 
ex po sure was air borne in 68 cas es, con tact with skin in 
1 case, and un known in 6 cas es (116). A vet er i nar i an be-
came in fect ed while iso lat ing Brucella from drom e dary 
cam el milk (117). One of the nine tech ni cians iso lat ing 
Brucella from goats in a vet er i nary mi cro bi ol o gy lab o ra-
to ry in Ma lay sia was in fect ed (118).

A lit er a ture re view and anal y sis of En glish-language 
re ports of Brucella LAIs pro vid ed in for ma tion on ex po-
sure risk and PEP (119). Routine iden ti fi ca tion ac tiv i ties 
re sult ed in 88% of the in fec tions. Staff iden ti fied as hav-
ing had high-risk ex po sures were 9.3 times mo re like ly to 
de vel op an LAI as staff in the low-risk ex po sure group. 
The CDC has re vi sed the risk clas si fi ca tions for Brucella 
ex po sures as fol lows: “High—All per sons ma nip u lat ing a 
Brucella iso la tion in a class II bio safe ty cab i net with out  
us ing bio safe ty lev el 3 pre cau tions or on an open bench 
and any per son pres ent with in a 5-ft. ra di us of these ac-
tiv i ties; all  per sons pres ent in a lab o ra to ry room dur ing 
wide spread aero sol-generating pro ce dures. Low—All 
per sons pres ent in a lab o ra to ry room at a dis tance great er 
than 5 ft. from ma nip u la tion of a Brucella iso late but 
with out  high-risk ex po sures as de fined above. None—
if all  han dling and test ing of a Brucella iso late was done 
in a Class II bio safe ty cab i net us ing bio safe ty lev el 3 
pre cau tions” (120).

Brucella Infections in Production Laboratories. Analy-
sis of 22 symp tom at ic and 6 asymp tom at ic LAIs from the 
pro duc tion of live B. melitensis Rev-1 vet er i nary vac cine 
re vealed a 17.1% at tack rate for all  staff and a 39.5% at tack 
rate for staff work ing in ar eas with open win dows above 
the ex haust from a pro duc tion ar ea (60). Fifteen symp-
tom at ic and 5 asymp tom at ic in fec tions re sult ed from 
work ing in a Brucella S19 plant; aero sol is as sumed to be 
the ma jor route of ex po sure be cause on ly 5 in di vid u als 
re called ex po sure in ci dents (76).

Brucella infections in research laboratories
When one po ly sty rene cen tri fuge tube con tain ing Bru
cella abortus shat tered dur ing trans port, 11 re search ers 
and 1 ad min is tra tive staff mem ber were in fect ed (58). 
In the Unit ed States, re search with Brucella is con duct ed 
un der strict reg u la tions be cause it is a po ten tial agent for 
bioterrorism; three of the re port ed six in fec tions with 
Brucella oc curred in re search lab o ra to ries. One LAI re-
sult ed from con junc ti val ex po sure while de con tam i nat ing 
an aero sol cham ber used for ro dent ex per i ments with 
aero sol ized Brucella (121). Brucella iso lat ed from a ma rine 
mam mal caused an LAI de spite ap pro pri ate use of BSL3 
pro ce dures (122). Antigen pro duc tion from the M-strain 
of Brucella canis, which is avir u lent in dogs, al so caused an 
LAI (123). A post grad u ate stu dent be came in fect ed from 
cul tures col lect ed for study of bo vine mis car riage (124).

Mycobacterium tu ber cu lo sis infections
Mycobacterium tu ber cu lo sis infections in clinical set-
tings. Twenty-three per cent of the bac te ri al in fec tions 
were due to M. tu ber cu lo sis. Workers were ex posed to in-
fec tious aero sols from de fec tive or im prop er ly cer ti fied 
bio safe ty cab i nets (125–127), the ab sence of bio safe ty cab-
i nets (128), a de fec tive ven ti la tion sys tem (11), au top sies, 
and pre par ing tis sue sec tions (11, 12, 129–135). Analysis of 
28 LAIs with M. tu ber cu lo sis in Japan in di cat ed that 25 
oc curred in lab o ra to ries that did not have a bio safe ty cab-
i net (128). One lab o ra to ry re port ed that lo cat ing com-
mon ly used lab o ra to ry equip ment in a mycobacteriology 
lab o ra to ry al so re sult ed in ex po sure of per son nel not 
work ing with M. tu ber cu lo sis (136); this was al so a fac tor 
in some clin i cal lab o ra to ries in Japan (128). The aero sols 
gen er at ed in post mor tem anal y sis of a dog (134) and by 
the use of pres sur ized re frig er ant for cryosectioning hu-
man spec i mens (129) re sult ed in LAIs for staff in volved in 
those pro ce dures, but not for staff in volved in clin i cal 
care of the un sus pect ed ca nine or hu man case of tu ber cu-
lo sis. One LAI was traced to the in ad e qua cy of the heat-
inactivation step (20 min utes at 80oC) for the large 
in oc u lum re quired for phe nol-chloroform ex trac tion 
used for IS6110 re stric tion frag ment length po ly mor-
phism (RFLP) typ ing anal y sis of sam ples (137). Three 
work ers in a med i cal waste pro cess ing fa cil i ty were 
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in fect ed with M. tu ber cu lo sis; in one case, the strain was 
matched to a pa tient in a hos pi tal that sent waste to the 
fa cil i ty (138).

A study of se ro con ver sion rates in 17 Ca na di an hos pi-
tals re port ed an over all an nu al risk of tu ber cu lin con ver-
sion at 1% per year for lab o ra to ry tech ni cians. Included in 
this study were mea sure ments of room air-exchange 
rates for the mi cro bi ol o gy and pa thol o gy lab o ra to ries, 
as well the length of time re quired for di ag no sis of tu-
ber cu lo sis. Men zies found that the risk of se ro con ver-
sion was high er for staff work ing in lab o ra to ries with 
low air-exchange rates and in hos pi tals with de layed 
di ag no sis of tu ber cu lo sis in ad mit ted pa tients (133). 
Parenteral ex po sures to M. tu ber cu lo sis have al so been 
doc u ment ed (136, 139). While trans fer ring a sam ple of 
M. tu ber cu lo sis for drug sus cep ti bil i ty test ing, a mi cro-
bi ol o gy lab o ra to ry tech ni cian sus tained a nee dle stick 
and de vel oped a cu ta ne ous in fec tion at the site (140).

Mycobacterium tu ber cu lo sis infections in research. A 
leak ing pres sure valve on an aero sol ex po sure cham ber 
for in fect ing ro dents with M. tu ber cu lo sis re sult ed in 
three sub clin i cal in fec tions (141). In an oth er in ci dent, 
two of the three re search ers work ing with drug-resistant 
M. tu ber cu lo sis be came in fect ed; the third be came tu ber-
cu lin pu ri fied pro tein de riv a tive (PPD) pos i tive. This was 
con sid ered an aero sol ex po sure be cause res pi ra tors were 
re moved with in the an i mal room af ter cage chang ing 
(D. Rob bins, 40th Biol. Safety Conf., 1997).

Neisseria meningitidis infections
Neisseria meningitidis infections in clinical laborato-
ries. Sejvar et al. re viewed 16 in fec tions with N. meningiti
dis that oc curred in clin i cal mi cro bi ol o gy lab o ra to ries; 9 
were serogroup B, and 7 were serogroup C (41). Fourteen 
of the staff had made sus pen sions of the or gan isms on the 
open bench; 2 had done the pro ce dure be hind a splash 
shield. In con trast to most of the Brucella ex po sures, on ly 
the staff mem ber who worked with the spec i men be came 
in fect ed. The mi cro bi ol o gists who be came in fect ed with 
N. meningitidis had all  con duct ed rou tine pro ce dures, 
such as mak ing a sus pen sion or do ing a cat a lase test. This 
in di cates trans mis sion by drop let, not aero sol. Unfortu-
nately, eight cas es, or 50%, were fa tal (41). One tech ni cian 
in a bac te ri  ol o gy lab o ra to ry had N. meningitidis group C 
cul tured from her right el bow and Salmonella enterica 
serovar Enteritidis cul tured from her right knee (17).

Neisseria meningitidis in research laboratories. Work 
on the open bench re sult ed in a fa tal i ty to a re search er 
work ing with serogroup B (39). An un vac ci nat ed un der-
grad u ate stu dent con duct ing a sum mer re search pro ject 
han dled cul tures on the open bench and be came in fect ed 
(81). Treatment of an LAI re quired that a re search er 

un der go am pu ta tion of her legs, left arm, and the dig its of 
her right hand. Initially, the in fec tion was con sid ered to 
be com mu ni ty ac quired by the Department of Labor, but 
sub se quent anal y sis con firmed the work place or i gin of 
the in fec tion (63, 82). The Sejvar et al. ar ti cle (41) was the 
ba sis for the suc cess ful ap peal to the Department of 
Labor (63). A re search er be came in fect ed with Z5463, 
N. meningitidis group A strain, as a re sult of work in a de-
fec tive bio safe ty cab i net (83).

Aerosol exposures to Chlamydia
Sonication of Chlamydia trachomatis cul tures on the open 
bench caused sev en LAIs (142; K. Pe ter son, 25th Biol. 
Safety Conf., 1982). Aerosolized C. trachomatis L/34/bu 
serovar caused atyp i cal pneu mo nia in two mem bers of 
the same lab o ra to ry; one han dled the or gan ism di rect ly, 
but the oth er did not (143). In a teach ing lab o ra to ry, the 
aero sols from the con tam i nat ed plum age of a fly ing pi-
geon in fect ed the in struc tor with C. psittaci (144). In prep-
a ra tion for an avi an in flu en za study in 3-week-old 
tur keys, 1-day-old tur keys were placed in a neg a tive-
pressure cham ber and cared for by a vet er i nary sci en tist. At 
2 weeks of age, the tur keys de vel oped a re spi ra to ry in fec-
tion, and, si mul ta neous ly, the re search er was in fect ed with 
C. psittaci ge no types D, F and E/B (145).

Other routes of transmission for bacterial LAIs
Parenteral exposures. A nee dle used to al i quot Pasteu
rella multocida iso lat ed from a fowl chol era ep i dem ic 
caused a se vere in flam ma tion in fec tion of hand and arm; 
a nee dle stick from the Clemson strain of P. multocida 
pro duced on ly a very mild lo cal in fec tion (146). A punc-
ture from a Pas teur pi pette con tam i nat ed with bacillus 
Calmette-Guérin (BCG) re sult ed in a car pal tun nel syn-
drome in a lab o ra to ry tech ni cian (147).

Ingestion. Contamination of the hands re sult ing in sub se-
quent in ges tion is the prob a ble mode of trans mis sion for 
en ter ic path o gens. LAIs as so ci at ed with this route of 
trans mis sion were Salmonella (124 LAIs), Shigella (85 
LAIs), path o gen ic E. coli (18 LAIs), Vibrio spp. (6 LAIs), 
C. dif  cile (3 LAIs), and Listeria monocytogenes (1 LAI). 
Shigella was the most com mon ly re port ed LAI in sur veys 
of clin i cal lab o ra to ries in the Unit ed States and the 
United Kingdom (13, 16, 33). Many en ter ic path o gens have 
a low in fec tious dose, and hand-washing pro ce dures may 
not re move all  path o gens. In one in ci dent, a child vis it ing 
the lab o ra to ry touched a cul ture of E. coli O157. The child’s 
hands were im me di ate ly washed by her par ent; how ev er, 
a se ri ous in fec tion oc curred (148). A food-borne out  break 
can re sult in a large num ber of cul tures sub mit ted to a lab-
o ra to ry, which in creas es the risk of in fec tion for staff. This 
was a fac tor in an LAI with E. coli O157 (66) and three Shi
gella in fec tions (33). Strict com pli ance with lab o ra to ry 
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pol i cies for wear ing and re mov ing gloves, as well as hand 
wash ing af ter glove re mov al, must be re quired of all  staff 
to pre vent con tam i na tion of phones, com put er key boards, 
etc. (66).

The dis tri bu tion of S. Typhi as a pro fi cien cy test ing ex-
er cise re sult ed in a num ber of S. Typhi LAIs as so ci at ed 
with poor work prac tices, such as mouth pi pett ing, smok-
ing, and eat ing in the lab (46, 149). The im por tance of au-
to mat ic fau cets or foot ped als is il lus trat ed by the 19 S. 
Typhi LAIs that oc curred when a stu dent in a clin i cal lab-
o ra to ry con tam i nat ed the hand-washing sink fau cets (150) 
and by an out  break of three si mul ta neous S. sonnei in fec-
tions when on ly one staff mem ber had han dled the cul ture 
(16). Cleaning a bio safe ty cab i net was the on ly po ten tial 
ex po sure to S. sonnei for one LAI (16). Twelve in fec tions 
oc curred when a dis grun tled em ploy ee con tam i nat ed pas-
tries in the staff break room us ing a stock strain of Shigella 
(16). E. coli O157 ex po sures caused 17 LAIs; 13 were in clin-
i cal lab o ra to ries set tings. Five E.  coli O157 LAIs oc curred 
in re search set tings (151–153). Needlesticks re sult ed in 
cu ta ne ous in fec tions with M. tu ber cu lo sis (140) and Neis
seria gon or rhea (154). A cu ta ne ous case of B. anthracis 
re sult ed from trans port of con tam i nat ed vi als with out  
wear ing gloves (155). A cu ta ne ous in fec tion with Bacillus 
ce re us (325) and a pos si ble Mycobacterium leprae cu ta ne-
ous in fec tion were al so re port ed (156).

Rickettsial LAIs

For the sa ke of con sis ten cy with the Sulkin and Pike LAI 
sur veys, rick ett sia is con sid ered as a sep a rate cat e go ry of 
agents rath er than be ing in clud ed with bac te ria as is cur-
rent prac tice. Between 1979 and 2015, there were lit er a-
ture re ports of 205 symp tom at ic rick ett si al in fec tions 
with one death. During this pe ri od, C. burnetii, the eti o-
log ic agent of Q fe ver, was the fifth most com mon cause 
of all  LAIs and ac count ed for 195 symp tom at ic rick ett si al 
in fec tions and one fa tal i ty (see Table 4 for ref er ences). 
When asymp tom at ic in fec tions are add ed, the to tal be-
comes 405. Eleven rick ett si al in fec tions were iden ti fied 
as be long ing to the Typhus Group—Rickettsia typhi (8 
LAIs), Rickettsia conorii (2 LAIs), and Rickettsia tsu tsu ga
mu shi (1 LAI). No sec ond ary in fec tions were not ed from 
rick ett si al in fec tions.

Research in volv ing the use of sheep in hos pi tals and 
med i cal school lab o ra to ries con tin ues to ex pose lab o ra-
to ry and nonlaboratory per son nel to C. burnetii. Antibody 
ti ters against C. burnetii in three re search staff were re-
port ed in 2009 and are re cord ed in Table 4; how ev er, the 
in ter pre ta tion of the ti ters is in dis pute (121).

Means of exposure for rickettsial LAIs
When pub li ca tions iden ti fy the mode of trans mis sion, Q 
fe ver in fec tions were at trib ut ed to in ha la tion. A to tal of 

189 C. burnetii LAIs were as so ci at ed with zoo not ic trans-
mis sion from nat u ral ly in fect ed asymp tom at ic sheep. 
The in fect ed per son nel ei ther worked with the sheep or 
were in some prox im i ty to sheep dur ing their work day. 
Sheep may car ry the or gan ism in their blood, urine, fe ces, 
tis sue, and milk. It has been es ti mat ed that the pla cen ta 
of in fect ed sheep may con tain 109 or gan isms per gram of 
tis sue and 105 or gan isms per gram of milk (157). Wedum 
et al. (22) not ed that the in fec tious dose for 25–50% of 
hu man vol un teers for C. burnetii by in ha la tion is on ly 10 
or gan isms (22). This knowl edge may have pos i tive ly 
im pact ed hus band ry prac tices for sheep used in re search 
in the Unit ed States. A sur vey of U.S. mem bers of the As-
sociation for Assessment and Accreditation of Labora-
tory Animal Care, International (AAALAC) who worked 
with re search an i mals be tween 1999 and 2004 in di cat ed 
on ly one con firmed case of Q fe ver (158). One case of Q 
fe ver re sult ed from nec rop sy of abort ed fe tus es of cat tle, 
sheep, goats, pigs, and hors es (T. Gra ham, Am. Biol. Safety 
Conf., 2014). The two nonzoonotic C. burnetii in fec tions 
were at trib ut ed to ex po sure to a hu man placenta (159) 
and a leak ing bio safe ty cab i net fil ter (160). The re main ing 
rick ett si al in fec tions were as so ci at ed with par en ter al (161, 
162), mu cous mem brane (163), and in ha la tion or un known 
trans mis sions. The known sourc es of the ex po sures were 
an eye and lip splash from open ing a microcentrifuge tube 
(163), son i ca tion of in fect ed cells on the open bench (164), 
and nee dle sticks. Other sourc es were not iden ti fied ex-
cept that the agent was be ing worked with (165).

Viral LAIs

A to tal of 764 overt vi ral in fec tions with 19 fa tal i ties were 
re port ed be tween 1979 and 2015; ref er ences are list ed in 
Table 5. The fa tal i ties re sult ed from ar bo vi rus es (3 LAIs), 
han ta vi rus (2 LAIs), fi lo vi rus (1 LAI), Macacine her pes vi
rus 1 (for mer ly called cercopithecine her pes vi rus, CHV-1, 
or her pes B vi rus) (5 LAIs), hep a ti tis B vi rus (1 LAI), hep-
a ti tis C vi rus (1 LAI), Ebo la vi rus (2 LAIs), Mar burg vi rus 
(2 LAIs), se vere acute re spi ra to ry syn drome co ro na vi rus 
(SARS-CoV) (1 LAI), and one fe tal abor tion caused by a 
ma ter nal par vo vi rus in fec tion. The fa tal han ta vi rus in fec-
tions re sult ed from field stud ies with bank voles in Fin-
land (166) and with ro dents in West Vir gin ia (167).

A ground break ing ge no mic map ping study of Ebo la 
vi rus con tains a state ment hon or ing the con tri bu tion of 
five au thors who suc cumbed to the dis ease pri or to the 
pub li ca tion (168). In ad di tion to sam ple col lec tion, these 
au thors were ac tive ly in volved in Ebo la pa tient care, and 
the fifth was al so car ing for an in fect ed fam i ly mem ber 
(169). Due to the diffi  cul ty of as sess ing ex po sure dur ing 
the chal leng ing field con di tions of the 2014 Ebo la ep i-
dem ic, these in fec tions are not ed here but not in clud ed in 
the fi nal to tal of vi ral LAI.
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The sev en sec ond ary in fec tions were due to a nov el 
ad e no vi rus ti ti mon key ad e no vi rus (TMAdV) (1 LAI), 
Macacine her pes vi rus 1 (1 LAI), Mar burg vi rus (1 LAI), a 
vac cine strain of po lio vi rus (1 LAI), SARS (2 LAIs), and 
Zika vi rus (1 LAI). Two of the 19 LAI fa tal i ties list ed were 
sec ond ary in fec tions re sult ing from the au top sy of a Mar-
burg vi rus LAI and a moth er pro vid ing care for a SARS 
LAI. The sec ond ary po lio in fec tion oc curred in the im-
mu nized child of a work er ac ci den tal ly ex posed to Ma-
honey pro to type vac cine of po lio vi rus in a vac cine 
pro duc tion fa cil i ty. The stool iso late from the in fect ed 
child dem on strat ed com plete nu cle o tide se quence iden-
ti ty with the vi rus strain used for vac cine pro duc tion 
(170). The Zika vi rus sec ond ary in fec tion oc curred in the 
wife of a field vi rol o gist who col lect ed mos qui toes in Sen-
e gal and de vel oped symp toms af ter re turn to the Unit ed 
States. This case, and the in fec tions of the two field vi rol-
o gists on this study, were the first iden ti fi ca tion of Zika 
vi rus in the Western world (171). An out  break of a nov el 
ad e no vi rus (TMadV) in a ti ti mon key col o ny caused a re-
spi ra to ry ill ness in a re search er and a sec ond ary in fec tion 
in a house hold mem ber (172). It is no ta ble that one pri-
ma ry SARS LAI led to two sec ond ary in fec tions (moth er 
and nurse); this led to five ter tia ry in fec tions that re sult ed 
from con tact with a nurse who be came a sec ond ary case 
while car ing for a pri ma ry LAI (173).

Of the 759 vi ral LAIs, 497 (65%) oc curred in re search 
lab o ra to ries, 215 (28%) in clin i cal lab o ra to ries, 16 (2%) in 
field work, and 9 (1%) in pro duc tion lab o ra to ries. A to tal 
of 460 asymp tom at ic in fec tions were al so re port ed be-
tween 1979 and 2015. Refer to Table 5 for ci ta tions for 
these vi ral in fec tions. It should be not ed that “re search” 
ac tiv i ties in clude lab o ra to ry stud ies with an i mal mod els 
and field stud ies.

Retroviruses
LAIs with ret ro vi rus es were first de scribed in 1988. 
Retroviral in fec tions as so ci at ed with hu man im mu no-
de fi cien cy vi rus (HIV), sim i an im mu no de fi cien cy vi rus 
(SIV), sim i an foamy vi rus (SFV), and sim i an D ret ro vi rus 
(SDR) have been re port ed since then. In the Unit ed 
States, be tween 1985 and 2015, there were 17 con firmed 
oc cu pa tion al ly ac quired cas es of HIV in clin i cal lab o ra to ry 
tech ni cians and 21 pos si ble cas es; in ad di tion, 4 re search ers 
were in fect ed han dling HIV cul tures (174). The Ippolito 
re view pro vi des de tails on oc cu pa tion al ly ac quired cas es 
through 1997 (175). An HIV LAI is list ed in the Bel gian 
sur vey (34), and a se ro con ver sion to HIV in a clin i cal lab-
o ra to ry work er was al so re port ed in the lit er a ture (176).

Two tech ni cians se ro con vert ed to SIV while han dling 
sam ples from non hu man pri ma tes (NHPs), and one of 
the SIV-infected in di vid u als may have been per sis tent ly 
in fect ed (177). Seroconversions to spumavirus have been 
doc u ment ed in staff oc cu pa tion al ly ex posed to NHPs. 

Details are pro vid ed in the dis cus sion of zoo not ic in fec-
tions as so ci at ed with NHP stud ies.

Poxviruses
Twenty-seven LAIs re sult ed from re search ac tiv i ties with 
pox vi rus es be tween 1986 and 2015, and 23 were due to 
vac cin ia vi rus. Recombinant vi rus es con struct ed from the 
Western Reserve strain of vac cin ia vi rus caused nine LAIs 
(178–182); one LAI was caused by re com bi nant New York 
City Board of Health (NYCBOH) strain (183) and one by 
re com bi nant racoonpox vi rus (184). Immune re sponses 
to the in sert in the vac cin ia vi rus con struct were dem on-
strat ed in three of the LAIs (180, 184, 185). Although thy-
mi dine ki nase de le tion mu tants are less path o gen ic in 
mice than the par ent vac cin ia vi rus strain, nine LAIs were 
caused by these de le tion mu tants (180–183, 186, 187).

Sixteen ex po sures to vac cin ia vi rus were re port ed to 
the CDC Poxvirus Team in a 3-year pe ri od (183). Five of 
the ex po sures re port ed to the CDC were from eye splash, 
seven were from nee dle sticks, two oc curred in an an i mal 
care fa cil i ty, one oc curred as a re sult of tube leak age, and 
one was un known. Ten ex po sures did not re sult in in fec-
tion; how ev er, 5 LAIs oc curred and 4 of these re quired 
hos pi tal i za tion. All of the in fect ed staff mem bers had not 
com plied with the re quire ment of small pox vac ci na tion 
with in 10 years (183). A case re port that pro vi des mo re 
de tail on one of the nee dle stick ex po sures list ed in the 
CDC re port is avail  able (188). Two in di vid u als were work-
ing on im mu niz ing mice in the small space of a 1.2-meter 
bio safe ty cab i net. After plac ing an im mu nized mouse 
in its cage, the hand of one in di vid u al was scratched by 
the nee dle be ing held by the oth er in di vid u al. The 
scrape went through the glove and skin, and, al though 
the plung er of the sy ringe was not de pressed, the in di vid-
u al de vel oped an LAI that re quired hos pi tal i za tion. Pro-
cedures were re vi sed, and now, when sharps are used, 
on ly one per son may work in a bio safe ty cab i net. Double 
gloves are al so re quired, and Occupational Health re-
quires vac ci na tion or a signed dec li na tion form (188). In 
2015, a nee dle stick with wild-type Western Reserve 
strain re sult ed in an LAI in a re cent ly im mu nized in di-
vid u al (179). In ad di tion, two LAIs from cow pox vi rus 
(189, 190) and one each from raccoonpox vi rus (184) and 
buffalopox vi rus (18) were re port ed.

Zoonotic viral infections
Analysis of the vi ral LAIs as so ci at ed with an i mal ac tiv i-
ties dem on strates how crit i cal it is for lab o ra to ry staff to 
un der stand the po ten tial for zoo not ic in fec tions in an i-
mal mod els. Between 1979 and 2015, there were 219 overt 
in fec tions, 2 fa tal i ties, and 180 se ro con ver sions as so ci at ed 
with zoo not ic vi ral in fec tions that were not ex per i men-
tal ly in tro duced to the re search mod el. The overt zoo not ic 
LAIs were caused by han ta vi rus (188 LAIs), Macacine 
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TABLE 5.

 Viral LAI references 1979–2015

Microorganism

Number of LAIs

ReferencesaOvert Subclinical

Adenovirus, nov el
  TMAdV

2 2 172

Adenovirus, nov el
  BaAdV-1

0 5 214

 BaAdV-2 0 6 214

Adenovirus type 5 and adeno-associated vi rus 1 0 351

Af ri can horsesickness vi rus 4 5 232

Arboviruses and oth er vi rus es in SALS sur veyb 192 122 418

Bovine pap u lar sto ma ti tis vi rus 5 0 419

Buffalopox virus 1 0 18

Calcivirus 2 0 220

Chikungunya vi rusc 3 2 160, 234

Cox sack ie type A24 vi rus 2 0 259, 420

Cowpox vi rus 2 0 189, 190

Creutz feldt-Jakob vi rus 3 0 371, 421, 422

Dengue vi rus 7 0 226, 234, 247, 248, 423, 424

Dhori vi rus 5 0 236

Dugbe vi rusc 1 0 234

Ebo la vi rus 9 0 216, 217, 425

Ebo la-related vi rus 0 42 206–208

Echo vi rus 3 0 426–428

Ganjam vi rusc 5 0 429, 430

Hantavirusc 189 74 166, 167, 192–203, 237, 431–433

Hepatitis A vi rus 5 0 15

Hepatitis B vi rus 113–114 147 12, 13, 15, 34, 130, 131, 222, 225, 434–436

Hepatitis C vi rus (for mer ly non-A, non-B) 34 0 13, 15, 33, 130, 132, 225, 255, 267, 434–436; D. Vesley, 30th 
Biol. Safety Conf., 1987 

Herpesvirus in clud ing zos ter 6 0 12, 34, 130; D. Vesley, 30th Biol. Safety Conf., 1987 

Human im mu no de fi cien cy vi rus 48 0 34, 174–176, 257

Influenza A vi rus 6 0 34, 261

Influenza B vi rus 1 0 260

Ju nin vi rusc 1 0 437

Kyanasur Forest dis ease vi rus 1 0 236

Lymphochoriomeningitis vi rusc 6 0 204, 256; A. Braun, 47th Biol. Safety Conf., 2004

Macacine her pes vi rus 1 (CHV-1, B vi rus) 11 0 205, 240–246, 438

Machupo vi rusc 1 0 238

Mar burg vi rus 2 0 215, 439, 440

Mayaro vi rus 1 0 441

Mimivirus 1 0 231

New cas tle dis ease vi rus 1 0 442

Nor walk vi rus 1 0 443

Orf vi rus 2 0 249

Orungo vi rus 0 3 234

Parvovirus 10–11 1 34, 444, 445

Poliovirus 1 0 170

(continued )
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her pes vi rus 1 (10 LAIs), lymphochoriomeningitis vi rus 
(LCMV) (6 LAIs), in flu en za A vi rus (5 LAIs), West Nile 
vi rus (5 LAIs), orf vi rus (2 LAIs), Ebo la vi rus (1 LAI), and 
a nov el ad e no vi rus in ti ti mon keys, TMAdV (1 LAI). The 
fa tal i ties were caused by han ta vi rus in a grad u ate stu dent 
do ing field re search in West Vir gin ia (167) and West Nile 
vi rus in a vet er i nary stu dent do ing a post mor tem on a 
horse (191).

Zoonotic infections from rodents in animal colonies
The 189 han ta vi rus trans mis sions and 36 sub clin i cal in-
fec tions oc curred among re search ers who thought they 
were work ing with un in fect ed ro dents. Rodent col o nies 
may be in fect ed by fe ral an i mals, and this may ex plain 
han ta vi rus in fec tions in Ar gen ti na (192), Bel gium (193), 
China (194–196), France (197), Japan (198, 199), Ko rea 
(200), the United Kingdom (201, 202), and Sin ga pore 
(203). This as so ci a tion was con firmed when Seoul vi rus 
was iden ti fied in the wild rat pop u la tion of Yun nan, China, 

and iden ti fied as the cause of a hem or rhag ic fe ver with 
re nal syn drome (HFRS) out  break in stu dents us ing rats 
for re search (195). One lot of rats pro duced by a com mer-
cial ven dor and sup plied to three col le ges in Yun nan, 
China, in fect ed a re search er with a reassortant of Hantaan 
vi rus that had not been pre vi ous ly de scribed; sub clin i cal 
in fec tions with the same reassortant were al so de tect ed in 
5 stu dents who had been bit ten and 11 an i mal care staff 
(196). Another ex am ple of zoo not ic in fec tion in volved 
eight an i mal han dlers and ju nior sci en tists who were 
ex posed to LCMV while work ing with nude mice (204). 
In this in ci dent, the mice were in ad ver tent ly in fect ed by 
an LCMV-contaminated tu mor cell line. The se ro log i cal 
mon i tor ing pro gram for sen ti nel an i mals in the fa cil i ty 
had lapsed for 6 months. An an i mal care tech ni cian was 
di ag nosed with LCMV 3 months af ter he be came ill, when 
the sen ti nel mice in the an i mal room se ro con vert ed. The 
source of in fec tion was traced to an LCMV-contaminated 
cell line (A. Braun, 47th Biol. Safety Conf., 2004).

Microorganism

Number of LAIs

ReferencesaOvert Subclinical

Rabies vi rus 1 0 34

Rabbitpox virus 1 0 183

Raccoon pox vi rus (re com bi nant) 1 0 184

Rift Valley fe ver vi rusc 0 2 234

Rocio vi rusa 1 0 R. Gershon, 27th Biol. Safety Conf., 1984 

Rubella vi rus 6 0 15

Sabia vi rus 2 0 235, 446

SARS-CoV 6 0 173, 227–229

Semliki Forest vi rusc 1 0 447

Simian foamy vi rus 2 20 210–213, 448–450

Simian im mu no de fi cien cy virus 0 4 177, 251, 258, 451

Simian type D ret ro vi rus 0 2 209

SPH114202 1 0 452

Swine in flu en za vi rus 2 0 239

Tacaribe virus 1 0 453

Tick-borne me nin go en ceph a li tis vi rusc 1 0 454

Vaccinia vi rus 23 2 160, 178, 183, 185–188, 254, 262–264, 455

Varicella vi rus 1 0 15

Ven e zu e lan equine en ceph a li tis vi rusc 4 0 160, 234, 456

Vesicular sto ma ti tis vi rus 1 0 457

Vesivirus 2 0 219

Wesselsbron vi rusc 3 0 234

West Nile vi rusc 6 0 191, 218, 253, 458

Zika vi rus 2 0 171

 Total vi ral LAIs 759–760 460
aReferences for Biological Safety Conference are meet ings spon sored by the Amer i can Biological Safety Association, Mundelien, IL.
bTypical ar bo vi rus es, orbiviruses, rhab do vi rus es, and ar e na vi rus es as so ci at ed with ar thro pods or that have zoo not ic cy cles.
cAdditional in fec tions with this vi rus list ed in the SALS re port (233).

TABLE 5.

 Viral LAI references 1979–2015 (Continued)
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Zoonotic infections associated with nonhuman  
primate studies
Macacine her pes vi rus 1, for mer ly CHV-1 or her pes B vi rus, 
was trans mit ted from NHPs to 11 care tak ers or re search ers, 
re sult ing in a fa tal i ty and a sec ond ary in fec tion (see Table 5 
for ref er ences). One fa tal i ty re sult ed from an eyesplash 
ex po sure to urine and fe ces from a caged NHP; eye pro-
tec tion was not worn and rins ing the eye was not at tempt ed 
for 45 min utes be cause ob ser va tion was con sid ered a low-
risk ac tiv i ty (205). A re search er dis sect ing op tic nerve from 
a sam ple of NHP tis sue was hos pi tal ized to re ceive treat-
ment with in tra ve nous, high-dose gan ci clo vir and then dis-
charged with a life-long pre scrip tion for oral valacyclovir 
to keep the la tent vi rus in check (K. John son and T. Win-
ters, Har vard School of Public Health Grand Rounds, 2012).

Asymptomatic in fec tions with an Ebo la-related fi lo-
vi rus were re port ed in 42 an i mal han dlers (206–208). 
Two se ro con ver sions to the zoo not ic SDV have al so 
been re port ed in an i mal han dlers; one of the in di vid u als 
was al so in fect ed with spumavirus from a bite in a sep a-
rate in ci dent (209). Seroconversions to the zoo not ic 
spumavirus, or SFV, were doc u ment ed in 20 an i mal han-
dlers or per sons work ing with NHPs (210). The sig nifi -
cance of these se ro con ver sions to sim i an ret ro vi rus es is 
not well un der stood. The vi rus caus es a la tent in fec tion, 
and se ro pos i tiv i ty has been doc u ment ed 10 years af ter a 
bite from a man drill and 22 years af ter a ma caque bite 
(211). In one case, SFV was iso lat ed from a cul ture of pe-
riph er al blood mono cytes ob tained from a healthy an i-
mal care tak er who se ro con vert ed to SFV 20 years pri or 
to the vi rus iso la tion (212). Swit zer et al. com ment ed 
“al though SFV is non patho gen ic in nat u ral ly in fect ed 
NHPs, the sig nifi  cance of SFV in fec tion in hu mans is 
poor ly de fined. The in tro duc tion of SFV in fec tions is of 
con cern be cause chang es in the path o ge nic i ty of sim i an 
ret ro vi rus es fol low ing cross-species in fec tion are well 
doc u ment ed, since both HIV-1 and HIV-2 emerged from 
be nign SIV in fec tions in the nat u ral pri ma te hosts. To 
date in for ma tion on this sub ject is in ad e quate to come to 
any con clu sions; how ev er, the im por tance of long term 
fol low-up on these ex po sures has been rec og nized and 
has been ini ti at ed by the Centers for Disease Control and 
Prevention” (213). Novel zoo not ic ad e no vi rus es have al so 
been iden ti fied in ti ti mon key (TMAdV) and ba boon col-
o nies (BaAdV-1 and BaAdV-2). TMAdV caused a pri ma ry 
in fec tion and a sec ond ary in a house hold mem ber (172). 
Eleven se ro con ver sions to BaAdV-1 and BaAdV-2 oc-
curred in staff who worked with a ba boon col o ny (214).

Experimentally infected animals
In com par i son, there were re ports of on ly 20 symp tom-
at ic in fec tions, and no asymp tom at ic in fec tions, from 
work with ex per i men tal ly in fect ed an i mals. The LAIs 
from ex per i men tal ly in fect ed an i mals were caused by 

cow pox vi rus (1 LAI), Ebo la vi rus (1 LAI), LCMV (3 LAIs), 
Mar burg vi rus (1 LAI), swine in flu en za (2 LAIs), vac cin ia 
vi rus (7 LAIs), Ven e zu e lan equine en ceph a li tis vi rus (3 
LAIs), and West Nile vi rus (2 LAIs). The in oc u la tion of 
guin ea pigs with Mar burg vi rus and Ebo la vi rus each re-
sult ed in a fa tal LAI (215, 216).

Viral LAIs in field work
One overt in fec tion with a new strain of Ebo la vi rus was 
re port ed in a re search work er who au top sied a wild chim-
pan zee to de ter mine the cause of death (217). Fortunately, 
that in fec tion did not re sult in the fa tal hem or rhag ic dis-
ease as so ci at ed with oth er fi lo vi rus in fec tions (Mar burg 
vi rus and Ebo la vi rus) in Eu rope and Af ri ca. Transmission 
of West Nile vi rus oc curred dur ing field col lec tion of blue 
jays (218) and horse au top sy (191); five in ves ti ga tors were 
in fect ed with in flu en za A vi rus dur ing an in ves ti ga tion of 
seal deaths (219). A field re search er ex am in ing seals (220) 
and one ex am in ing sea li ons were pain ful ly in fect ed with 
ma rine calciviruses that cause le sions (220). Two cas es of 
hantaviral in fec tion oc curred in field stud ies. A grad u ate 
stu dent eval u at ing the im pact of for est ry prac tices on 
small mam mals was fa tal ly in fect ed in West Vir gin ia; a 
tech ni cian work ing on a sim i lar study in Cal i for nia was 
al so in fect ed (221). In eff ort to eval u ate the oc cu pa tion al 
risk for field stud ies, 995 mammology con fer ence at tend-
ees who had ex po sure to ro dents in North Amer i ca pro-
vid ed sam ples for a sur vey of an ti body lev els. Antibodies 
against Sin Nombre vi rus were found in four per sons, and 
two had an ti bod ies to Ar ro yo or Guanarito vi rus (221). 
None of the se ro pos i tive in di vid u als had worn any per son al 
pro tec tive equip ment pri or to the U.S. han ta vi rus out  break.

Viral LAIs in research and clinical activities
Sixty-seven per cent of the vi ral LAIs oc curred in re-
search fa cil i ties. Arboviruses and oth er vec tor-borne vi-
rus es in both re search and field set tings ac count ed for 223 
of the LAIs with three fa tal i ties (see Table 5 for arbovi-
rus ref er ences). A to tal of 215 vi ral in fec tions oc curred 
in clin i cal lab o ra to ries be tween 1979 and 2015. The 114 
hep a ti tis B vi rus LAIs re port ed in the sci en tifi c lit er a ture 
are un doubt ed ly the tip of the ice berg, be cause one study 
cal cu lat ed the at tack rates for clin i cal lab o ra to ry tech ni-
cians at 70% pri or to the sys tem at ic in tro duc tion of hep a-
ti tis B vi rus vac cine (222). Following the im ple men ta tion 
of the Occupational Safety and Health Administration 
(OSHA) Bloodborne Pathogen Standard in the Unit ed 
States (223), sig nifi  cant re duc tions in work place trans mis-
sion of hep a ti tis B vi rus have re sult ed from the avail abil i ty 
of hep a ti tis B vi rus im mu ni za tion, the use of “uni ver sal 
pre cau tions,” or con sis tent BSL2 con tain ment prac tices, 
nee dles with safe ty de vic es, and im proved sharps dis pos al 
(224). This ex pe ri ence is mir rored in the re port from the 
Wro claw re gion of Po land, where 323 health care work ers 
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were in fect ed with hep a ti tis B vi rus be tween 1990 and 
2002; 30 of the 323 cas es were clin i cal lab o ra to ry staff. 
Since 2002, the num ber of cas es re port ed an nu al ly in that 
re gion de creased due to the in creas ing num ber of vac ci-
nat ed staff. However, the num ber of hep a ti tis C vi rus in-
fec tions was in creas ing (225). In the ab sence of a hep a ti tis 
C vi rus vac cine or a rec om mend ed PEP reg i men, strict 
ad her ence to safe ty prac tices is the most eff ec tive de fense 
against in fec tion with hep a ti tis C vi rus.

Means of exposure for viral LAIs
It is of ten not pos si ble to de ter mine the ex act cause of a 
LAI; on ly that it has oc curred and the in for ma tion avail  able 
is that the in di vid u al “worked with” the agent. One ex am-
ple would be a re search er in a nonendemic ar ea who per-
formed the ini tial in fec tion of a mos qui to col o ny by feed ing 
den gue-infected blood un der an ar ti fi cial mem brane. The 
re search er was bit ten by an es caped, but unengorged, mos-
qui to. The vi rus lat er iso lat ed from the in fect ed re search er 
was 98.9% ho mol o gous with the lab o ra to ry strain. The 
au thors of the case study did not rule out  per cu ta ne ous 
ex po sure from the mouth parts of a mos qui to; how ev er, 
mu co cu ta ne ous in fec tion from in fec tious blood drop lets 
was al so con sid ered a pos si ble route of ex po sure (226). In 
an oth er ex am ple, the San Mi guel sea li on vi rus se ro type 
5 (SMSV-5) in fect ed a lab o ra to ry work er who col lect ed 
oro pha ryn geal se cre tions from the mouths and teeth of 
dis eased seals, iso lat ed the vi rus from cell cul tures, and 
did gra di ent pu ri fi ca tions to con cen trate the vi rus (220). 
The ac tiv i ty that re sult ed in ex po sure and clin i cal in fec-
tion with SMSV-5 is not known; how ev er, this LAI is con-
sid ered the first doc u ment ed case of a new hu man dis ease.

Aerosol exposures
Many of the vi ral LAIs re sult ed from in ha la tion of in fec-
tious vi rus. SARS was trans mit ted to four re search ers in 
China when in com plete ly in ac ti vat ed in fec tious ma te ri-
als were re moved from the BSL3 lab o ra to ry for fur ther 
anal y sis at BSL2 (173, 227). In Sin ga pore, an oth er SARS 
in fec tion oc curred due to cross-contamination of a cul-
ture of West Nile vi rus with SARS, and sub se quent han-
dling of the SARS-infected West Nile prep a ra tion at BSL2 
(228). One SARS LAI oc curred in Tai wan when liq uid 
waste leak ing from a bio haz ard bag in a BSL4 lab was 
cleaned up; the re search er wore in ad e quate per son al pro-
tec tive equip ment and did not use a dis in fec tant eff ec-
tive against the vi rus (229). Exposure to aero sol ized Mayaro 
vi rus oc curred dur ing a su crose-acetone an ti gen ex trac-
tion pro ce dure that in volved de hy dra tion of the prod-
uct with a vac u um pump (230). A tech ni cian per form ing 
Western blots with pa tient sam ples from a pneu mo nia 
out  break un for tu nate ly be came the first doc u ment ed 
in fec tion with Mimivirus, which is a vi rus iso lat ed from 
amoebae in a cool ing tow er (231).

Four se ri ous LAIs and five se ro con ver sions to Af ri can 
horsesickness vi rus were the first in di ca tion that this vi-
rus could in fect hu mans. In this case, in di vid u als were ex-
posed to a aero sols from a dried pow der vac cine that were 
re leased when vi als broke as they were be ing filled (232). 
Historically, about 20% of ar bo vi rus in fec tions are at trib-
ut ed to in ha la tion ex po sures (233). Some of the in ha la tion 
trans mis sions from ar bo vi rus es in clud ed in fec tions due 
to the spread of Wesselbron vi rus from work in an oth er 
room, to open ing a blend er con tain ing Dugbe vi rus-
infected mouse brains with out  pre cau tions (234), and to a 
cen tri fuge bot tle con tain ing Sabia vi rus crack ing dur ing a 
run (235). Five in fec tions with Dhori vi rus re sult ed from 
in ha la tion of aero sols gen er at ed when open ing flasks 
(236). Enteropathica endemica was trans mit ted, pre sum-
ably by aero sol, from close con tact with bank voles (237). 
The han ta vi rus LAIs were at trib ut ed to aero sol ex po sure 
from han dling mice and pre par ing tu mor sam ples from 
mice that may have been in fect ed by fe ral an i mals. The 
LCMV in fec tions oc curred when per son nel han dled mice 
that had been in ad ver tent ly in fect ed by a con tam i nat ed 
cell line (204). A clin i cal lab o ra to ry work er was ex posed 
to Machupo vi rus aero sols when a blood tube broke in 
the cen tri fuge (238); that tech ni cian de vel oped Bo liv i an 
hem or rhag ic fe ver. The wear ing of dust masks in stead of 
res pi ra tors re sult ed in two LAIs with swine in flu en za in 
staff col lect ing na sal cul tures from in fect ed pigs (239).

Parenteral exposures
Laboratory and wild an i mals were the source of many of 
the vi ral LAIs, with par en ter al ex po sures due to bites, 
scratch es, and ac ci dents with sharps re sult ing in in fec-
tions. Monkey bites and/or scratch es trans mit ted Spuma
virus (SFV) to 23 NHP han dlers; that route of ex po sure 
al so trans mit ted Macacine her pes vi rus 1, for mer ly CHV-1 
or her pes B vi rus, to 10 an i mal han dlers and re search ers 
re sult ing in 4 deaths (205, 240–246, R. Rebar, per son al 
com mu ni ca tion). The bite of in fect ed mos qui toes trans-
mit ted den gue vi rus (247, 248), Zika vi rus (171), and chi-
kungunya vi rus (234). Another case of chikungunya vi rus 
was trans mit ted by nee dle stick (160), and bit ing shrews 
trans mit ted Mokola vi rus (234). During a pro ce dure to 
in sert ga vage tubes, two re search ers were bit ten by sheep 
and in fect ed with orf vi rus (249). Six NHP an i mal han-
dlers de vel oped an ti bod ies to fi lo vi rus an ti gens; four had 
ev i dence of re cent in fec tion, and one of these sus tained a 
scal pel cut dur ing the au top sy of an in fect ed NHP (208).

In ad di tion to phle bot o my, par en ter al ex po sures to 
HIV in clin i cal set tings were as so ci at ed with han dling bro-
ken blood tubes and a bro ken cap il lary tube (175). A par-
en ter al ex po sure in a lab o ra to ry pro duc ing large quan ti ties 
of con cen trat ed HIV oc curred when a blunt can nu la was 
used to clean a cen tri fuge ro tor (250). An HIV re search er 
was in fect ed with the vi rus by nee dle stick (174). The first 
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re port of SIV in fec tion in a hu man be ing re sult ed from a 
deep punc ture wound (251). West Nile vi rus LAIs were 
caused by nee dle stick (252); par en ter al ex po sures were 
re ceived dur ing nec rop sy of an in fect ed bird and prep a ra-
tion of an in fect ed mouse brain (253). A nee dle stick dur ing 
a vi ral pu ri fi ca tion pro ce dure (254) or an i mal in oc u la tion 
(182, 188) each caused a vac cin ia LAI; a nee dle stick al so 
caused the raccoonpox vi rus in fec tion (184). A punc ture 
from a glass ly oph i li za tion vi al trans mit ted buffalopox vi-
rus (18). Hepatitis C vi rus was trans mit ted when a sam ple 
tube con tain ing in fect ed blood broke and cut two fin gers 
(255). The bite of a rat in fect ed with cow pox vi rus trans-
mit ted the vi rus (189). LCMV in fec tion was con firmed by 
se rol o gy on blood drawn 5–7 years af ter ex po sure to Arm-
strong clone 53b (1 case) and clone 13 (3 cas es) (256).

Mucocutaneous exposures
Mucocutaneous ex po sures to HIV in clin i cal set tings 
were the re sult of splat ter from an apher e sis ma chine, 
sink dis pos al of blood sam ples (175), a blood an a lyz er ap-
pa ra tus (257), and open ing a Vacutainer tube (176). In pro-
duc tion lab o ra to ries, mucocutanous ex po sures to HIV 
oc curred when con cen trat ed vi rus splashed a work er in 
the face or seeped through gloves in con tact with leak age 
from a cen tri fuge (250). A nonintact skin ex po sure to SIV 
was al so re port ed (258). One work er con tract ed con junc-
ti vi tis due to an eye splash while pi pett ing di lu tions of 
coxsackie vi rus (259). Despite im me di ate la vage, con junc-
ti vi tis oc curred in a re search er who sus tained splat ter in 
the eye while in ject ing mice with in flu en za B vi rus (260). 
A con junc ti val in fec tion with in flu en za A vi rus oc curred 
when a seal sneezed in the face of a re search er; four oth er 
field work ers were al so in fect ed with in flu en za A vi rus 
while do ing au top sies to in ves ti ga te seal deaths (261). A 
vet er i nary stu dent who re moved the brain and spi nal 
cord of a po ny in fect ed with West Nile vi rus neuroinva-
sive strain 2 be came in fect ed; mu cous mem brane in fec-
tion by drop let is sus pect ed (191). The sec ond ary case of 
Macacine her pes vi rus 1 oc curred when the wife of an 

in fect ed work er ap plied his con tam i nat ed cor ti sone 
cream to her nonintact skin (244). Three of the vac cin ia 
LAIs were the re sult of fail ure to wear gloves (160, 180, 
262). An in ves ti ga tor was in fect ed with a strain of vac cin ia 
vi rus that was a con tam i nant of the vi ral stock he was 
work ing with (178). Two vac cin ia vi rus LAIs were caused 
by in ad ver tent con tact with con tam i nat ed sur fac es (181, 
263). The ex act cause of an eye in fec tion could not be 
de ter mined; how ev er, plates were opened for anal y sis on 
the bench, eye pro tec tion was not worn, and glove use 
may not have been con sis tent (264). Similarly, an in fec tion 
with cow pox is at trib ut ed to han dling con tam i nat ed re-
agents or touch ing con tam i nat ed sur fac es; cow pox vi rus 
DNA was found on many lab sur fac es and as a con tam i-
nant in oth er vi ral stocks. The in fect ed per son was not 
work ing di rect ly with the vi rus and, for this rea son, had 
not cho sen to be come vac ci nat ed (190). In four in stanc es, 
staff mem bers seek ing med i cal at ten tion for in fec tions did 
not ini tial ly dis close the fact that their re search may have 
ex posed them to with vac cin ia (186, 187, 262, 263). Fortu-
nately, there were no nos o co mi al trans mis sions.

Parasitic LAIs

A to tal of 170 symp tom at ic, 4 asymp tom at ic, and 2 sec-
ond ary par a sit ic in fec tions rep re sent ing 6 diff er ent gen-
era and 20 spe cies were re port ed dur ing this pe ri od. The 
ac tiv i ties re sult ing in LAI were re search (76 LAIs) vet er i-
nary teach ing (81 LAIs), di ag nos tic in a clin i cal lab o ra-
to ry (3 LAIs), field stud ies (1 LAI), and not spec i fied (9 
LAIs). The agents re spon si ble for the in fec tions were 
Cryptosporidium (96 LAIs), Leishmania (15 LAIs), Try
panosoma (26 LAIs), Toxoplasma (15 LAIs), Plasmodium 
(17 LAIs), and Schistosoma (1 LAI) (see Table 6 for spe-
cifi c ref er ences). In ad di tion, Brener re port ed per son al 
knowl edge of 50 cas es of lab o ra to ry-associated Trypano
soma cruzi, with one fa tal i ty; how ev er, de tails on dates 
and types of ex po sure were not avail  able so these were 
not in clud ed in this sur vey (32).

TABLE 6.

 Parasitic LAI references 1979–2015

Agent LAI overt LAI sub clin i cal References

Cryptosporidium spp. 96 2 265–269, 287, 459–465

Leishmania spp. 15 0 270, 276, 284–286, 289, 292, 294, 466, 467

Plasmodium cynomolgi 4 0 280, 468

Plasmodium fal cip a rum 9 0 270–273, 288, 293, 469, 470

Plasmodium vi vax 4 0 272, 280

Schistosoma mansoni 1 0 277

Toxoplasma gondii 15 2 34, 279–283, 291, 471–475

Trypanosoma spp. 26 0 34, 270, 275, 280, 290, 476–479

 Total 170 4
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Means of exposure to parasitic infections
The most com mon means of ac quir ing the re port ed par a-
sit ic LAIs were in ges tion and par en ter al ex po sure, gen er-
al ly nee dle sticks as so ci at ed with an i mal in oc u la tion. 
With one ex cep tion, an air borne in fec tion (265), all  of the 
Cryptosporidium in fec tions were as so ci at ed with in ges-
tion of the in fec tious mi cro or gan isms. The Cryptosporid
ium in fec tions oc curred in vet er i nary stu dents and were 
zoo not ic trans mis sions through con tact with in fect ed 
calves. Two sec ond ary in fec tions oc curred in spous es 
who washed the vet er i nary stu dent’s con tam i nat ed cloth-
ing (266, 267). Two sep a rate out  breaks were from vet er i-
nary lab o ra to ry ex er cises in volv ing the re mov al of calves 
from ar ti fi cial wombs (268, 269). The vet er i nary med i cal 
schools where the out  breaks oc curred adopt ed pre ven-
tive mea sures such as re quir ing test ing of calves used for 
teach ing, on-site doffi ng of per son al pro tec tive equip ment, 
and pro vid ing fa cil i ties for hand washing and chang ing 
cloth ing (268).

Until the LAIs were di ag nosed, re search ers had as-
sumed that Plasmodium cynomolgi on ly in fect ed mon keys; 
how ev er, mos qui to bites in the in fect ed mon key col o ny 
trans mit ted the par a site to hu mans (270). Mosquito bites 
in insectories al so trans mit ted Plasmodium fal cip a rum 
and Plasmodium vi vax (271–274).

The most com mon source of the ex po sure to par a sit ic 
agents was work ing with in fect ed an i mals, in sects, or ec-
to par a sites, and ac ci dents re lat ed to sharps and spills or 
splash es ac count ed for the re main der. Some of the ac tiv i-
ties as so ci at ed with the trans mis sion of par a sit ic in fec tion 
in clude work ing with out  gloves (275–278) or eye pro tec-
tion (279–283), in ject ing an i mals (284, 285), re cap ping 

nee dles (286), smell ing or be ing sprayed with stom ach 
con tents (265, 287), be ing bit ten by in fect ed mos qui toes 
(271–274, 288; H. Mathews, 42nd Biol. Safety Conf., 1999), 
and nu mer ous nee dle sticks (283, 289, 290). Unique ex po-
sures were as so ci at ed with as sum ing that the strain be ing 
han dled was avir u lent (291), be ing on im mu no sup pres-
sive ther a py while work ing with in fec tious ma te ri als 
(292), and punc tur ing a thumb while press ing a glass he-
mat o crit tube in to clay seal ant (293). One in fec tion was 
con tract ed dur ing an un re lat ed field study of birds (294).

Fungal LAIs

Only 25 fun gal LAIs were found in the lit er a ture re-
view; the ref er ences are list ed in Table 7. There were 
sev en cas es of Trichophyton mentagrophytes, and four 
to five ad di tion al der ma to phyte in fec tions, in clud ing 
Trichophyton verrucosum and Microsporum canis, were 
re port ed (34). Three cas es each of Blastomyces derma
tiditis (295, 296) and Coccidioides immitis (5, 16) (H. 
Mathews, 42nd Biol. Safety Conf., 1999) were re port ed. 
Sporothrix schenckii caused two LAIs (297, 298); one LAI 
each were caused by Arthroderma benhamiae (299), En
cephalitozoon cuniculi (300), Penicillium marneffei (301), 
and Trichophyton simii (302). Three in fec tions oc curred 
in clin i cal or pub lic health lab o ra to ries (16, 295), while 18 
oc curred dur ing re search ac tiv i ties and 4 to 5 cas es in an 
un spec i fied lo ca tion.

Means of exposure to fungal infections
Fungal LAIs re sult ed from cu ta ne ous, par en ter al, in ha la-
tion, and mu cous mem brane ex po sures. Handling lab rats 

TABLE 7.

 Fungal LAI references 1979–2015

Fungus Overt Subclinical References

Arthroderma benhamiae 1 0 299

Blastomyces dermatiditis 3 0 295, 296

Coccidioides immitis 3 0 5, 16
H. Mathews, 42nd Biol. 
Safety Conf.,a 1999

Dermatophytes, in clud ing
Trichophyton verrucosum, Microsporum canis

4–5 0 34

Encephalitozoon cuniculi 1 0 300

Histoplasma capsulatum 1 0 480

Paracoccidioides brasiliensis 1 0 481

Penicillium marneffei 1 0 301

Sporothrix schenckii 2 0 297, 298

Trichophyton mentagrophytes 7 0 303, 304

Trichophyton simii 1 0 302

 Total 25–26 0
a  References for Biol. Safety Conf. are abstracts of meetings sponsored by the American Biological Safety Association International, Mundelein, IL.
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or guin ea pigs that were not ex per i men tal ly in fect ed re-
sult ed in seven zoo not ic LAIs (303, 304). Cutaneous in fec-
tions oc curred when two drops of liq uid cul ture spilled 
on the ban dage over a cut (298) and when one drop of 
cul ture fell on the skin while fil ter ing a fun gal mat (302). 
Two LAIs re sult ed from cuts ac quired dur ing tis sue sec-
tion ing in pa thol o gy (295). An im mu no sup pressed stu-
dent vis it ed a my col o gy lab o ra to ry where the agent was 
han dled (301) and be came in fect ed with P. marneffei. 
Failure to wear gloves or use cor rect work prac tices (297; 
H. Mathews, 42nd Biol. Safety Conf., 1999) re sult ed in 
LAI. Contaminated hands rub bing the eye prob a bly in oc-
u lat ed the mu cous mem brane of the low er eye lid (299). 
Culture su per na tant con tain ing spores of E. cuniculi 
splashed in to the eyes of a lab o ra to ry work er; this in ci-
dent re sult ed in a se vere eye dis ease with one cor nea still 
cloud ed a year lat er (300).

Allergic re ac tions should al so be an oc cu pa tion al con-
cern for those work ing with fun gal agents. Aerosol ex po-
sure dur ing re lease of a pres sur ized can is ter used in the 
iso la tion of ly so som al en zymes from slime mold re sult ed 
in rhinoconjunctivitis and asth ma in a re search mi cro bi-
ol o gist (487). Ten staff re quired med i cal at ten tion for al-
ler gic re sponses to Penicillium citrinum af ter work ing for 
1 day on pro duc tion of aden o si ne tri phos phate (ATP) (305).

Role of Infectious Aerosols in LAIs

Laboratory stud ies on po ten tial sourc es of in fec tion have 
fo cused on haz ards pro duced from rou tine mi cro bi o log i-
cal tech niques. Table 8 lists da ta from sev er al stud ies on 

the num ber of vi a ble par ti cles re cov ered with in 2 feet of a 
work ar ea, on the ba sis of an ex ten sive se ries of air sam-
pling de ter mi na tions. Aerosols pres ent two means of 
work er ex po sure—through min ute re spi ra ble air borne 
par ti cles and by the dis po si tion of larg er heavy drop lets 
on to sur fac es, equip ment, and per son nel. The da ta in 
Table 9 in di cate that stan dard lab o ra to ry pro ce dures can 
gen er ate aero sol ized par ti cles that are re spi ra ble and, 
there fore, po ten tial ly haz ard ous to the lab o ra to ry work-
ers and to oth ers in the vi cin i ty. However, the mere pres-
ence of or gan isms in the air is in suffi  cient to cause 
dis ease. For in fec tion to be ini ti at ed, the in fec tious dose, 
a means of ex po sure, and a sus cep ti ble host are all  re-
quired. The FDA cau tions that pub lished in fec tious dos es 
do not take in to ac count the wide var i abil i ty in the vir u-
lence of the strain and host sus cep ti bil i ty. For ex am ple, 
the pub lished in fec tious dose for E. coli O157 is as low as 
10 or gan isms (306); how ev er, oth er strains of E. coli re-
quire an in fec tious dose of 108 (22) to ini ti ate in fec tion.

Occupational Health Programs

The con tin ued de vel op ment of oc cu pa tion al health pro-
grams will re sult in a min i mi za tion or re duc tion of LAIs 
through in creased ac cess to pre em ploy ment coun sel ing 
on host fac tors, im mu ni za tion, and time ly PEP. In the 
Unit ed States, oc cu pa tion al health pro grams pro vi de vac-
ci na tion against hep a ti tis B vi rus and PEP for hep a ti tis B 
vi rus and hu man im mu no de fi cien cy vi rus (HIV); this is 
re quired for com pli ance with the OSHA Bloodborne 
Pathogen Standard.

TABLE 8.

 Concentration and par ti cle size of aero sols cre at ed dur ing rep re sen ta tive lab o ra to ry tech niquesa

Operation No. of vi a ble col o niesb Particle sizec (μm)

Mixing cul ture with:

 Pipette 6.6 2.3 ± 1.0

  Vortex mix er used with 5 ml of cul ture in capped tube for 
15 sec onds

0.0 0.0

  Vortex mix er used with 10 ml of cul ture in capped tube un til 
cul ture over flow hit ro tat ing head

9.4 4.8 ± 1.9

Use of blend er:

 Top on 119.6 1.9 ± 0.7

 Top off 1,500.0 1.7 ± 0.5

Use of a sonicator: 6.3 4.8 ± 1.6

Lyophilized cul tures:

 Opened care ful ly 134.0 10.0 ± 4.3

 Dropped and bro ken 4,838.0 10.0 ± 4.8
aAdapted from ref er ence 482.
bMean num ber of vi a ble col o nies per cu bic foot of air sam pled.
cCount me di an di am e ter of par ti cle.
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Vaccination programs
When avail  able for the agents stud ied, vac ci na tion pro-
grams are very eff ec tive in pre vent ing or min i miz ing the 
se ver i ty of LAIs. An anal y sis of 16 vac cin ia vi rus ex po sure 
in ci dents re port ed to the CDC be tween 2005 and 2008 
re vealed that on ly four in di vid u als had re ceived the rec-
om mend ed small pox vac ci na tion with in the pre vi ous 
10 years (183). Prior to an LAI with vac cin ia vi rus, the oc-
cu pa tion al health ser vi ce at an ac a dem ic in sti tu tion of-
fered coun sel ing on ly to in di vid u als seek ing vac ci na tion. 
After an LAI oc curred, the pol i cy was amend ed. Now all  
staff work ing with vac cin ia vi rus are re quired to re ceive 
vac ci na tion coun sel ing, the vac cine is off ered to all  staff 
with out  con tra in di ca tions, and dec li na tions must be doc-
u ment ed (178).

Vaccination is al so rec om mend ed for mi cro bi ol o gists 
at risk of ex po sure to N. meningitidis (307). Previously, 
vac ci na tions against serogroup B were not avail  able in 
the Unit ed States. However, as of Au gust 15, 2015, the 
CDC rec om mends an ad di tion al vac ci na tion against se-
rogroup B for mi cro bi ol o gists han dling N. meningitidis 
cul tures (see http:// www. cdc. gov/ vaccines/ hcp/ vis/ vis- 
statements/ mening- serogroup. html). To pro vi de ap pro-

pri ate im mu ni za tions, staff with po ten tial lab o ra to ry 
ex po sure must be re ferred to an oc cu pa tion al health ser-
vi ce. The im mu ni za tion sta tus of an un der grad u ate sum-
mer stu dent was not con firmed pri or to work with N. 
meningitidis; the stu dent as sured the prin ci pal in ves ti ga-
tor, and ad mit ting hos pi tal phy si cians when he be came 
ill, that he had been im mu nized. However, the stu dent 
was mis in formed; he had not been vac ci nat ed and PCR 
re sults on ce re bro spi nal flu id were pos i tive for N. menin
gitidis serogroup A (81). Vaccination is al so rec om mend ed 
for lab o ra to ry staff rou tine ly ex posed to S. Typhi.

Vaccination is an im por tant tool in the pre ven tion of 
in fec tious agents with a low in fec tious dose by the aero-
sol route. A his tor i cal re view of LAI at the Unit ed States 
Army Medical Research Institute of Infectious Diseases 
(USAMRIID) be tween 1943 and 1969 in di cates that the 
in tro duc tion of bio safe ty cab i nets re duced the risk of in-
fec tion with an thrax, glan ders, and plague. However, 
even af ter the in tro duc tion of bio safe ty cab i nets, in fec-
tions with F. tularensis con tin ued at the av er age rate of 
15 per year, for Ven e zu e lan equine en ceph a li tis at 1.9 per 
year, and Q fe ver at 3.4 per year. In con trast, be tween 
1989 and 2002, on ly 5 LAIs re sult ed from 289 re port ed 
ex po sures. The LAIs were glan ders, Q fe ver, vac cin ia, chi-
kungunya, and Ven e zu e lan equine en ceph a li tis. The Ven-
e zu e lan equine en ceph a li tis, vac cin ia, and Q fe ver LAIs 
were in stanc es where in fec tion oc curred in vac ci nat ed 
staff; how ev er, the Q fe ver symp toms were mild. Also, 
vac ci na tion sta tus was con sid ered in the eval u a tion for 
PEP for low-risk ex po sures (159).

Specialized pro grams are re quired for high-contain-
ment lab o ra to ries and in clude phys i cal and men tal fit ness 
for du ty, as well as the ca pac i ty to quar an tine ex posed 
staff. Guidance is avail  able on man age ment of ex po sures 
to some Ebo la vi rus (308).

Postexposure prophylaxis
Guidelines for PEP af ter oc cu pa tion al ex po sures to hep a-
ti tis B and C vi rus es and HIV are avail  able and em pha size 
that such ex po sures should be con sid ered med i cal emer-
gen cies re quir ing prompt eval u a tion and re sponse (309, 
310). Several pub li ca tions re port ed in ci dents where PEP 
prob a bly min i mized or elim i nat ed acute lab o ra to ry in-
fec tions with B. abortus (58, 75), B. melitensis (109, 311), B. 
pseudomallei (312, 313), F. tularensis (29), and M. tu ber cu
lo sis (488). However, pre ven tion of ex po sures should be 
em pha sized; side eff ects that in hib it com ple tion of the 
pro phy lac tic an ti bi ot ic treat ment for B. melitensis (311, 
314) and for B. pseudomallei (313) have been re port ed. In 
2013, CDC pub lished re vi sed guide lines for PEP af ter 
Brucella ex po sures (120). All po ten tial ly ex posed staff 
should re ceive se ro log i cal mon i tor ing, symp tom sur veil-
lance, and dai ly tem per a ture self-checks; staff with 
high-risk ex po sures should re ceive PEP (120). The CDC 

TABLE 9.

 Infectious dose for hu mansa

Disease or Agent Doseb

Route of 
Inoculation

Cox sack ie A21 vi rus ≤18c Inhalation

Escherichia coli 108 Ingestion

Francisella tularensis 10 Inhalation

Giardia lamblia 10–100 cystsd Ingestion

Influenza A2 vi rus ≤790c Inhalation

Malaria 10 Intravenous

Measles 0.2c,e Inhalation

Mycobacterium tu ber cu lo sis <10f Inhalation

Poliovirus 1 2c,e,g Ingestion

Q fe ver 10 Inhalation

Salmonella Typhi 105 Ingestion

Scrub ty phus 3 Intradermal

Shigella flexneri 180 Ingestion

Shigellosis 109 Ingestion

Treponema pallidum 57 Intradermal

Ven e zu e lan en ceph a li tis vi rus 1c,h Subcutaneous

Vibrio cholerae 108 Ingestion
aAdapted from ref er ence 22.
bDose in num ber of or gan isms un less oth er wise in di cat ed.
cMedian in fec tious tis sue cul ture dose.
dAdapted from ref er ence 483.
eIn chil dren.
fAdapted from references 484 and 485.
gPlaque-forming units.
hGuinea pig in fec tive unit.
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re viewed 153 in ci dents that re sult ed in 1,724 ex po sures to 
Brucella be tween 2008 and 2011; 839 were high-risk ex-
po sures (see risk clas si fi ca tion in sec tion on Brucella in 
Clinical Laboratories). Only five LAIs oc curred; four of 
the in fect ed mi cro bi ol o gists had not tak en PEP and the 
fifth work er start ed the an ti bi ot ic 21 days af ter the ex po-
sure in ci dent (120).

Rusnak et al. de scribe a pro ac tive oc cu pa tion al health 
re sponse to an in ci dent that was con sid ered a low risk 
of ex po sure to B. anthracis spores in im mu nized staff 
(88). A staff mem ber re moved a rack of an thrax cul tures 
from the in cu ba tor and trans port ed it on a cart to a co-
work er seat ed at the bio safe ty cab i net. The pa per tow el 
cov er ing the top of flasks was con tam i nat ed with spores; 
this was not ed on ly af ter the tow el had been dis card ed 
out  side of the bio safe ty cab i net. The oc cu pa tion al health 
ser vi ce ob tained nose and throat swabs from both po ten-
tial ly ex posed staff mem bers and ini ti at ed a short course 
of an ti bi ot ic ther a py. The next day, 6 CFU of B. anthracis 
grew from the na sal pas sage sam ple from one re search er, 
so both were pre scribed the full 1-month course of an ti bi-
ot ic ther a py for PEP (88).

Guidance on PEP for many agents is avail  able on the 
CDC web site (www. cdc. gov). References on PEP for high-
consequence ex po sures in clude ad vi ce for B. pseudomal
lei (160, 308, 315, 316).

Host factors
Another crit i cal func tion of oc cu pa tion al health pro grams 
in volves ad vis ing staff of pre ex ist ing med i cal con di tions 
that may put them at great er risk for se ri ous con se quences 
from ex po sure to an in fec tious agent. The risk and se ver-
i ty of in fec tion may be influ enced by con cur rent dis eas es, 
med i cal con di tions, drugs that al ter the host de fense, al ler-
gic hy per sen si tiv i ty, in abil i ty to re ceive a cer tain vac cine, 
and re pro duc tive is sues. These risk fac tors need to be 
rec og nized and ad dressed be fore ini ti at ing work with 
in fec tious agents (317).

Some work ers may face in creased risks for cer tain in-
fec tions that al ter or im pair nor mal host de fense mech a-
nisms. For ex am ple, host de fenses pro vid ed by healthy 
in tact skin can be dis rupt ed by dis eas es such as chron ic 
der ma ti tis, ec ze ma, and pso ri a sis, thus pro vid ing a por tal 
of en try in the ab sence of per son al pro tec tive cloth ing. 
Achlorhydric in di vid u als are mo re sus cep ti ble to Vibrio 
in fec tions (306), and in di vid u als with heart valve prob-
lems should not be ex posed to C. burnetii. Antibiotic ther-
a py may sup press gas tro in tes ti nal flo ra, in creas ing the 
pos si bil i ty of col o ni za tion by a for eign or re sis tant pop u-
la tion of mi cro or gan isms. Deficiencies in the im mune 
sys tem func tion can place work ers at a high er risk of oc-
cu pa tion al in fec tion. Immunodeficiency may re sult from 
cer tain con nec tive tis sue dis eas es, can cer che mo ther a py, 
or HIV in fec tion (317). Other caus es of im mu no de fi-

cien cy in clude ste roid treat ment for med i cal con di tions 
such as asth ma, in flam ma to ry bow el dis ease, and acute 
vi ral in fec tion. Pregnancy brings the po ten tial for mild 
im mu no de fi cien cy, es pe cial ly for the de vel op ing fe tus. 
The risk of in fec tion is al so in creased with di a be tes; this 
was con sid ered a fac tor in the first glan ders in fec tion in 
the Unit ed States since 1945, an LAI with B. mal lei (318). 
Diabetes may al so have been a fac tor in the un ex pect ed 
fa tal i ty due to an at ten u at ed, pig ment-negative strain of 
Y. pestis, KIMD27, as well as un di ag nosed he red i tary he-
mo chro ma to sis. The at ten u a tion of KIMD27 is based on 
the strain’s in abil i ty to ac quire iron; it is thought that the 
iron over load in the sci en tist’s blood may have pro vid ed 
the strain with the suffi  cient iron to re cov er vir u lence 
(85). It is known that in di vid u als with he mo chro ma to sis 
are mo re sus cep ti ble to in fec tion with at least 32 or gan-
isms, in clud ing Gram-negative or gan isms, Gram-positive, 
or ac id-fast bac te ria, fun gi, and par a sites (319). Occupa-
tional risks as so ci at ed with the re pro duc tive sys tem may 
in volve ex po sures dur ing preg nan cy that re sult in ad verse 
out  comes such as spon ta ne ous abor tion and birth de fects. 
Infertility can oc cur in ei ther sex. Ma le ex po sures can 
cause dam age to sperm, trans mis sion of tox ic agents in 
sem i nal flu id, or in fec tion of the preg nant wom an from 
her part ner’s con tam i nat ed cloth ing. Breast-feeding may 
al so be a source of in fec tion. Mo re com mon ly, con cerns 
are di rect ed to the po ten tial con gen i tal in fec tion of a fe tus, 
in utero or dur ing de liv ery, as a re sult of a preg nant 
wom an ac quir ing a work-related in fec tion. Exposure to 
mi cro or gan isms known to cause con gen i tal or neo na tal 
in fec tions, such as Brucella, Cytomegalovirus, hep a ti tis B 
vi rus, her pes sim plex vi rus, HIV, LCMV, par vo vi rus, 
L. monocytogenes, ru bel la vi rus, Treponema pallidum, and 
toxo plas mas, is a dis tinct pos si bil i ty in lab o ra to ry work 
(320). There is al so a link be tween Zika vi rus and mi cro-
ceph a ly (http:// wwwnc. cdc. gov/ travel/ notices / alert / zika 
-  virus- central- america).

In mi cro bi o log i cal and bio med i cal lab o ra to ries, work-
ers can al so de vel op al ler gies to pro teins (bi o log i cal prod-
ucts de rived from raw ma te ri als, fer men ta tion prod ucts, 
or en zymes), chem i cals, and the dan der or aero sol ized 
urine prod ucts of an i mals (321, 322).

Behavioral factors
Regarding oc cu pa tion al ex po sures to path o gen ic mi cro-
or gan isms, the work er is key in con trol ling the safe out -
come of any op er a tion. He or she han dles the agent, 
per forms ex per i ments, op er ates equip ment, han dles an i-
mals, dis pos es of in fec tious waste, and, when nec es sary, 
cleans up spills. The work er must come to the work place 
pre pared to func tion suc cess ful ly. This means hav ing 
ad e quate ed u ca tion, tech ni cal ex pe ri ence, and safe ty 
train ing to un der stand a task or pro ject and per form it 
safe ly; be ing  able to fo cus on the work so that in at ten tion 
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or ran dom dis trac tions do not lead to ac ci dents; and be-
ing mo ti vat ed to ad here to safe work prac tices. Philipps 
(323) and Martin (324) both dis cussed be hav ior al fac tors 
as so ci at ed with lab o ra to ry safe ty. In a study con duct ed at 
Fort Detrick in a large mi cro bi o log i cal re search lab o ra-
to ry, Phil lips de scribed var i ous char ac ter is tics as so ci at ed 
with ac ci dent-prone and ac ci dent-free in di vid u als. The 
study found that in di vid u als in the 20- to 29-year age group 
had an ab nor mal ly high ac ci dent rate and that wom en 
had slight ly few er ac ci dents than men. Unfortunately, 
the bio med i cal workforce is usu al ly young and in no-
va tive and falls in to the high er ac ci dent group. Sixty-
five per cent of all  ac ci dents in Phil lips’ study were due 
to hu man er ror, and 20% were due to equip ment prob-
lems. The re main ing 15% were ul ti mate ly at trib ut ed to 
“un safe acts,” which could al so be con sid ered hu man 
er ror. Although not al ways ac knowl edged as hav ing a 
role in LAIs, be hav ior al fac tors need to be tak en in to 
con sid er ation.

CONCLUSION

This re view was writ ten to sup port bio safe ty pro grams 
by height en ing aware ness that LAIs con tin ue to oc cur 
and by pro vid ing da ta for re in force ment of bio safe ty 
prac tices in dai ly op er a tions. The au thors of pub li ca tions 
cit ed in this chap ter have made an im por tant con tri bu tion 
to the ob jec tive risk as sess ment and the de vel op ment 
of im proved bio safe ty prac tices. The safe ty cul ture in a 
work place must en cour age the re port ing of ex po sure 
in ci dents to de ter mine wheth er steps can be tak en to 
pre vent re cur rence. The risk of LAIs can be min i mized 
if lab o ra to ry staff are aware of the po ten tial for ex po-
sure to in fec tious agents and work con tin u ous ly with 
bio safe ty and oc cu pa tion al health pro fes sion als to ac-
com plish this goal.
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