
Invasive meningococcal disease on the workplaces:  
a systematic review
Matteo Riccò1, 2, Luigi Vezzosi3, Anna Odone4, 5, Carlo Signorelli4, 5

1 Provincial Agency for Health Services (APSS) of the Autonomous Province of Trento, Department of Prevention, Operative 
Unit for Health and Safety in the Workplaces, Trento (TN); 2 Local Health Unit of Reggio Emilia - Regional Health Service 
of Emilia Romagna, Department of Public Health, Service for Health and Safety in the Workplace, Reggio Emilia (RE);  
3 University of Campania “Luigi Vanvitelli”, Department of Experimental Medicine, Napoli (NA); 4 University “Vita-Salute San 
Raffaele”, Milan (MI); 5 University of Parma, Department of Medicine and Surgery, Parma (PR)

Summary. Background and aims of the work: Invasive Meningococcal Disease (IMD) represents a global health 
threat, and occupational settings have the potential to contribute to its spreading. Therefore, here we present 
the available evidences on the epidemiology of IMD on the workplaces. Methods: The following key words 
were used to explore PubMed: Neisseria meningitidis, meningococcus, meningococcal, invasive meningococ-
cal disease, epidemiology, outbreaks, profession(al), occupation(al). Results: We identified a total of 12 IMD 
cases among healthcare workers (HCW), 44 involving biological laboratory workers (BLW), 8 among school 
personnel, and eventually 27 from other settings, including 3 large industrial working populations. Eventual 
prognosis of BLW, particularly the case/fatality ratio, was dismal. As clustered in time and space, data about 
school cases as well as industrial cases seem to reflect community rather than occupational outbreaks. In gen-
eral, we identified a common pattern for HCW and BLW, i.e. the exposure to droplets or aerosol containing 
N meningitidis in absence of appropriate personal protective equipment (PPE) and/or microbiological safety 
devices (MSD) (e.g. cabinets). Post-exposure chemoprophylaxis (PEC) was rarely reported by HCW (16.7%) 
workers, and never by BLW. Data regarding vaccination status were available only for a case, who had failed 
requested boosters. Conclusions: The risk for occupational transmission of IMD appears relatively low, possibly 
as a consequence of significant reporting bias, with the exception of HCW and BLW. Improved preventive 
measures should be implemented in these occupational groups, in order to improve the strict use of PPE and 
MSD, and the appropriate implementation of PEC. (www.actabiomedica.it)
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Introduction

Neisseria meningitidis (meningococcus) is a com-
mon bacterial commensal of the human upper respira-
tory tract and, since the latter half of twentieth cen-
tury, the disappearance of many infectious competitors 
has presumptively increased the global prevalence of 
its asymptomatic carriers up to 35% reported among 
young-adults (1-5). For reasons that are still unclear, 

the carrier status can rarely but also rapidly evolve in 
a life-threatening invasive disease characterized by 
meningitis (37%-49% of cases), septicemia (18%-33% 
of cases), and less commonly pneumonia and arthritis, 
also known as invasive meningococcal disease (IMD) 
(2-5). Although 13 meningococcal serogroups have 
been identified on the basis of the capsular immuno-
chemistry, nearly all IMD around the world are caused 
by only six serogroups (A, B, C, W-135, Y and X), and 
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five of them (i.e. A, B, C, W-135, Y) may be prevented 
by modern and efficient conjugate vaccines (6).

Globally, IMD can occur as an endemic disease 
with sporadic cases or as epidemics with outbreaks, and 
its incidence therefore varies from less than 1 cases per 
100,000 population every year (the typical incidence in 
many Western Countries, such as Italy) to over 1,000 
cases (3, 6). With a death rate of 6% to 10% of cases, 
and sequelae reported in 4.4% to 11.2% of cases, IMD 
represents a leading cause of morbidity and mortality 
worldwide (3, 6-8), being a leading infectious cause of 
death in childhood, and the third most common cause 
of death in children outside infancy (7, 8).

Although usually associated with a high perceived 
risk among those who have had contact with a case, 
occupational transmission of IMD has been rarely re-
ported, even among professionals having strict contact 
with cases (2, 3, 7, 9-23): in this systematic review, 
available evidence about occupational epidemiology of 
IMD will be specifically described.

Methods

Two authors independently performed a Litera-
ture search by means of the PubMed database during 
the month of June 2017 for the terms: Neisseria men-
ingitidis, meningococcus, meningococcal, invasive menin-
gococcal disease, epidemiology, outbreaks, profession(al), 
occupation(al). Only articles written in English were 
retrieved, without any chronological and/or geograph-
ical restrictions. Retrieved data included: 

-  Settings of the case/outbreaks: year and country 
where the case(s) occurred; number of cases re-
ported; occupational settings and jobs/tasks per-
formed by reported cases;

-  Data regarding the infection(s): identified 
serogroup(s); presumed or confirmed source(s) 
of infection, incubation (when multiple cases 
were reported, median and rage were calcu-
lated), outcome (i.e. recovery without sequelae; 
recovery with sequelae; death).

Workplaces were arbitrarily classified as follows: 
-  healthcare settings: all the activities whose pri-

mary purpose is to promote, restore or maintain 
health (24);

-  biological laboratories: facilities within which mi-
croorganisms, their components or their deriva-
tives are collected, handled and/or stored. Bio-
logical laboratories include clinical laboratories, 
diagnostic facilities, regional and national refer-
ence centers, public health laboratories, research 
centers (academic, pharmaceutical, environmen-
tal, etc.) and production facilities (manufactur-
ers of vaccine, pharmaceuticals, etc.) for human, 
veterinary and agricultural purposes (25);

-  school: any educational institution (including 
kindergarten, pre-school, first and second level 
schools, universities and colleges);

-  other: all activities not included in the aforemen-
tioned definitions.

For cases occurring in healthcare and biologi-
cal laboratory settings, data about biosafety and pre-
ventive measures (e.g. use of microbiological safety 
cabinets, MSC; use of respiratory personal protective 
equipment, PPE; post-exposure chemoprophylaxis, 
PEC; vaccination status of the reported cases, etc.) 
were also collected.

The results were then further screened for du-
plicate cases, reports regarding outbreaks occurring 
among military facilities, in college residences, pris-
ons and worker hostels, in order to retain only data 
regarding institutional employees (i.e. School teachers, 
School assistants; prison personnel, etc.).

Results

The detailed research identified a total of 157 
titles. After screening and assessment of eligibility, a 
total of 23 papers were identified as relevant to the re-
search question. Two additional articles were identified 
by analyzing the reference lists of the studies identified 
by the above strategy. Overall, the 25 papers included 
in this review were in 21 cases either case reports or 
case series, with 4 further descriptive studies about 
meningococcal outbreaks associated with the occupa-
tional settings (Figure 1). As shown in Table 1, a total 
of  91 cases were eventually included in the analysis: of 
them, 19.8% died following meningococcal infection, 
and 2.2% recovered reporting severe sequelae such as 
limb amputations. The majority of cases was associated 
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with serogroup C (42.9%), followed by B (19.8%), and 
A (15.4%).

Healthcare settings. Since 1972, a total of 12 
IMD cases occurring in healthcare workers (HCWs) 
have been described, with a median incubation of 5 
days (range: 3 to 16) (7, 15, 20, 26-31). Serological 
data were available for 8 patients, including 4 cases 
(33.3%) caused by serogroup B meningococci, 3 cases 
(25.0%) by serogroup C, and 1 (8.3%) case by sero-
group W-135. Unfortunately, patients’ outcome were 
described only in 4 cases (33.3%), all apparently re-
solved without sequelae (15, 27-29) (Table 2).

Regarding jobs and tasks involved, a third of cases 
were defined among “paramedic crew” (20, 28, 29, 32), 
with two cases in nurses (20, 26) and physicians (15, 
20) (16.7% for both categories), and a further case from 
a respiratory therapist. In 1972, Feldman reported 4 
cases among workers from a “medical staff” who had 
performed resuscitation procedures, but no informa-
tion was given about their actual qualification (30). In 
all cases, the contact was identified among the patients, 
and 10 out 12 followed close contact with airways of 
patients that were ultimately affected by N meningitid-
is/IMD (83.3%), either in the Emergency Room or 
in the ambulance. The reported interactions included 
airways management procedures (15, 20, 28, 30), and 
mouth-to-mouth resuscitation (27). In three cases, no 

close contacts with airways of index cases were report-
ed, but in two of them the index cases had coughed into 
the face of healthcare workers (20). In the third case, 
the Authors reported the previous worker’s involve-
ment in the management of two community patients, 
but because of the very long incubation (presumptively, 
16 days), and the lack of data about specific meningo-
coccal strains of index cases, it was impossible to de-
termine whether meningococcal infection was acquired 
on the workplace or in the community (29). 

Figure 1. Flow diagram of study selection

Table 1. Summary of papers included in the analysis

Papers eventually included in the analysis 25

Year range 1918 - 2015

Number of cases reported (n) 91

Occupational Settings (n, %) 
 Healthcare 12, 13.2%
 Biological laboratory 44, 48.4%
 School and education 8, 8.8%
 Other (industry, services, etc.) 27, 29.7%

Reporting countries (n, %) 
 Argentina 1, 1.1%
 Belgium 1, 1.1%
 Brazil 12, 13.2%
 Canada 1, 1.1%
 Czech Republich 1, 1.1%
 Denmark 1, 1.1%
 France 4, 4.4%
 Italy 1, 1.1%
 New Zealand 1, 1.1%
 South Africa 13, 14.3%
 Sweden 1, 1.1%
 United Kingdom 16, 17.6%
 United States 38, 41.8%

Serogroup (n, %) 
 A 14, 15.4%
 B 18, 19.8%
 C 39, 42.9%
 W135 2, 2.2%
 X 0, -
 Y 0, -
 N/A 18, 19.8%

Prognosis (n, %) 
 Recovery, without sequelae 37, 40.7%
 Recovery, with sequelae 2, 2.2%
 Death 18, 19.8%
 N/A 34, 37.4%
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Overall, no one among the aforementioned cases 
was apparently wearing PPE of any kind at the time 
of the suspected contagion, including also surgical face 
masks, and PEC was offered only to two cases (16.7%) 
(26, 29).

Laboratory settings. As shown in Table 3, a total 
of 44 cases of IMD were reported in biological labora-
tory workers (BLWs) since 1918, including one stu-
dent (2.3%), with a median incubation of 4 days (range 
1 to 10), 13 deaths (29.5%), and 2 cases (4.5%) where 
recovery was associated with significant sequelae, such 
as extensive upper/lower limb amputation. Apparently, 

none of the patient had received PEC, and a previ-
ous vaccination against meningococcus A and C was 
reported in only one subject (9, 13, 19, 21, 30, 31, 33-
40). 

Data about the supposed settings of the conta-
gion were available for 35 out of 41 cases (85.4%), and 
workers had recently managed specimens of N men-
ingitidis in order to perform procedures such as: plat-
ing, examining Petri solid medium plates, microscopic 
characterization of the samples, or serogroup identi-
fication. In nearly all cases in which data were made 
available (40/44, 90.2%), the contact between work-

Table 2. Published studies on occupational transmission of N meningitidis in the healthcare settings
 (N/A=data not available; PPE=personal protective equipment; PEC=post-exposure chemoprophylaxis)
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Table 3. Published studies on occupational transmission of N meningitidis in the laboratory settings
 (N/A=data not available; PPE=personal protective equipment; PEC=post-exposure chemoprophylaxis)

(continued)
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ers and pathogens supposedly occurred through res-
piratory airways, whereas in an early report from the 
‘30s some specimens were projected into the eye of the 
laboratory workers who was trying to inject an animal 
(33). 

Data about the use of PPE and biosafety meas-
ures were not homogenously available, as reported for 
20 (45.5%) and 35 (79.5%) cases, respectively. How-
ever, the majority of cases had performed procedures 
at risk either without PPE (38.6%), or MSC (72.7%). 
Interestingly enough, in one case the pathogens were 
appropriately handled in a safety cabinet by a laborato-
ry worker who had been vaccinated against serogroup 
A and C with a polyosidic vaccine, but further inves-
tigations identified a significant malfunctioning of the 
MSC that ultimately allowed worker’s contamination. 
Moreover, the patient had lacked recommended vac-
cination boosters in the previous five years (41). Simi-
larly, in two further cases – one death and one recovery 
with severe sequelae such as extensive amputations, 
follow-up investigations suggested some or even se-
vere malfunctioning in the biosafety measures (21, 39).

School settings. Whereas there is an extensive 
base of evidence regarding IMD outbreaks in students 
(23, 42-46), only two studies in English written litera-

ture have described outbreaks among school personnel 
(i.e. School teachers and/or School assistant) (Table 
4) (8,47). Overall, 8 cases were reported, including 5 
teachers (62.5%), 2 school employees (25.0%) and 1 
school assistant (12.5%). In all cases, infections were 
caused by a serogroup C meningococcus, and pre-
sumptively found in the contact with students the 
original source of infection. Unfortunately, no detailed 
information was available regarding the incubation pe-
riod, as well as the actual activities performed by work-
ers at the time of presumptive contact, as well as work-
ers’ outcomes: only in one case Authors reported that 
prompt treatment eventually avoided meningococcal 
disease (47).

Other settings (Table 5). Three significant work-
place outbreaks have been described, two of them from 
South America (16, 17, 48). The latter included large 
working populations from a food processing plant 
(17), and an oil refinery (16) that eventually resided 
in nearby factory towns. In each of South American 
reports, 6 meningococcal infections were reported, all 
from serogroup C. Data about incubation period were 
not available, whereas the outcome included 3 deaths 
and 9 recoveries without sequelae, with an estimated 
lethality of 25.0%.

Table 3 (continued). Published studies on occupational transmission of N meningitidis in the laboratory settings 
(N/A=data not available; PPE=personal protective equipment; PEC=post-exposure chemoprophylaxis)

Notes:
1 handling of specimens in microbiological safety cabinet;
2 the patient had extensive rhinorrhea before performing specimens’ handling, and it is therefore doubtful that she actually used 
respiratory PPE 
3 patients had received a non-specific antibiotic therapy following the suspicion of sore throats;
4 two case included in CDC 2002. 
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A third large report included incident cases from 
gold mines in South Africa (48): although the analyzed 
time frame spanned from 1972 to the early 2000’s, re-
ported data were fragmentary, with 588 diagnoses be-
tween 1972 and 1976, and “less than 5 cases per year” 

since 1978. Briefly, some further details were available 
only for the 1996 outbreak that included 13 subjects 
with 9 confirmed IMD, all from serogroup A, with one 
fatal case and 12 further recoveries of unknown extent, 
and a presumptive incubation period of 6 days. 

Table 4. Published studies on occupational transmission of N meningitidis in the School and education settings
 (N/A = data not available).

Table 5. Published studies on occupational transmission of N meningitidis in other than healthcare, laboratories or schools and 
education (N/A = data not available) 
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In all three reports, Authors stated that the out-
breaks were timely associated with simultaneous out-
breaks spreading in the communities in which the 
workers actually resided, either permanently or tem-
porarily (16, 17, 48). Interestingly, a common pattern 
was reported by Liphaus et al and Sonneberg et al (16, 
48), as in both cases the reported outbreaks rapidly fol-
lowed transient swelling of the workforce and/or its 
turnover, with higher rates in newcomer workers. Au-
thors ultimately speculated that, in these large popula-
tions, crowding associated with transitory increase in 
the workforce may have accelerated the diffusion of 
pathological strains, suggesting that the contacts oc-
curred rather in the original communities of the work-
ers or in their temporary residing places (hostels, etc.) 
than in the workplaces.

Another case of occupational transmission of 
IMD disease was described in an American policeman 
from a crew of 4 police officers that had a contact with 
the index case, a man aged 36 years found unconscious 
at home. In the following hours, contagious occurred 
also in the healthcare workers caring for the index case, 
and have been detailed previously (27). Although the 
worker had no significant interaction with airways of 
index case, he ultimately developed clinical symptoms 
in the following 2 days: after hospitalization, he fully 
recovered without sequelae.

Eventually, a case of fatal IMD was recently re-
ported by Stefanelli et al. in a cultural mediator work-
ing in an immigrants’ reception center (49). The worker 
did not have any exposure outside the workplace and 
did not travel outside Italy in the previous year: as the 
involved serogroup was of North-African origin (W/
ST-11), Authors suggested an occupational exposure.

Discussion

Even though occupational settings can potentially 
contribute to a rapid spread of meningococcal infection 
among unvaccinated workers (11, 20, 23, 44), we iden-
tified relatively few reports detailing IMD in which 
occupational risk factors actually induced exposure 
and following contagion of patients. More specifically, 
available reports underscore that only some profession-
als, such biological laboratory and healthcare workers, 

habitually face a significantly increased risk for work-
related IMD, as during their duties they may be delib-
erately but also unconsciously exposed to cases of IMD 
(7, 9, 20). In case of higher endemic rates, as in ‘90s in 
the United Kingdom, also occupational settings char-
acterized by close social interaction of workers with 
high risk groups may be associated with an increased 
spreading of IMD (8, 50): this is apparently the case of 
school employees. In cases of outbreaks or larger epi-
demics, high rates of IMD may be found also in other 
working populations, but the actual contribution of the 
occupational environment to the spreading of menin-
gococcal infection still remains more doubtful.

However, some remarks should be addressed. 
First at all, it should be stressed that available evidence 
is based on relatively few reports, mainly from rela-
tively few geographical areas (i.e. United States and 
United Kingdom), and the epidemiology of IMD is 
significantly heterogeneous (2, 3, 51, 52). Moreover, as 
conjugate vaccines are able to interfere with the carrier 
status of N meningitidis also in the healthy population, 
new vaccine schedules have eventually put in motion 
significant changes in global epidemiology of IMD (2-
5, 11, 18, 23, 43, 44, 51, 53-68).

School data in particular are substantially drawn 
from reports collected in the Cheshire (United King-
dom) in the late ‘90s, that is before immunization cam-
paigns against meningococcus C had been put in place 
(8, 46, 50, 51, 69). Moreover, available data should sug-
gest an even more critical assessment, as 3 out of the 7 
reported cases of occupational meningococcal disease 
transmission actually involved either School assistants 
or School employees, whose actual interaction with 
high risk groups represented by students and children 
may be reasonably questioned (8, 47). In other words, 
despite some Authors have documented very high at-
tack rates for educational workforce (8, 46, 50), avail-
able evidence suggests that occupational contagion of 
school employees is possible but eventually unlikely. 
Even though guidelines about PEC on the school set-
tings have been recently issued (52, 70-72), these fig-
ures were somehow unexpected for several reasons. 

Firstly, the carrier status for N meningitidis still 
peaks in school-age subjects, and not coincidentally 
even large outbreaks have been and are still repeti-
tively reported in pre-schools, schools, and colleges. 
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Moreover, global diffusion of new vaccines in younger 
age groups is too recent and too heterogeneous to have 
per se significantly reduced the exposure risk in occu-
pationally exposed adults to such extent (2, 6, 11, 22, 
23, 44, 45, 54, 56, 61, 73-76). 

Eventually, schools environments are well-known 
potential outbreak centres for infectious diseases be-
cause of the frequent and prolonged personal contact 
among students, faculty and staff, their interface with 
the community, and nonetheless their large population 
(77-81). In fact, school employees represent a signifi-
cant occupational group: recent estimates suggest that 
in Italy alone around 1 million people (i.e. 1.7% of to-
tal population and 2.6% of adults 18-67 years-old) are 
employed either as school teachers (STs) or school as-
sistants (SAs). However, this very same remark offers 
a possible explanation for the low reporting of IMD 
in the school settings. In other words, is possible that 
available data may have been significantly flawed by 
reporting bias, with cases accounted as community-
acquired rather than as work-related ones (82), with 
subsequent underestimation of actual rates of occupa-
tional IMD.

Data regarding occupational transmission of 
meningococcal disease in HCWs are similarly tanta-
lizing. Analysis of available data shows a common pat-
tern in nearly all reported cases, as unprotected, close 
contact exposures to the airways of patients affected by 
IMD were ultimately identified, either during mouth-
to-mouth ventilation or airway management (15, 20, 
26-31, 83). In this regard, also the use of the oxygen 
face mask during emergency procedures on IMD pa-
tients apparently increases the risk for disease trans-
mission, even without close contact with index cases, 
as turbulent fluxes of aerosols may spread infectious 
droplets at larger distances (14). However, not only 
such exposures are quite a daily experience for a large 
number of professionals, in particular for ambulance 
paramedic and for healthcare workers (i.e. physicians, 
nurses, etc.) from emergency departments (83-85), but 
also a large share of IMD usually requires extensive 
airway management, including intubation procedures, 
and nowadays only few secondary IMD cases among 
HCWs have been globally reported. 

Some explanations of such figures have been oth-
erwise suggested (83). First at all, all available reports 

underscore that involved HCWs did not wear PPE at 
time of the presumed contact, even for close interac-
tions (15, 20, 26-31). As N meningitidis is only trans-
mitted from person to person, and dies quickly outside 
the host, successful transmission of meningococcal 
infection is unlikely beyond a distance of one meter, 
and may be successfully impaired by wearing simple 
respiratory PPE (3, 11, 15, 20, 44, 54, 58, 83-88). 

Such remarks may explain as absolutely few cases 
of secondary IMD have been accounted also in per-
sonnel that may share some exposure to ambulance 
workers, such as policemen (27), and a reasonable in-
ference it that our data eventually reflect the incidence 
in subjects who failed to apply even basic preventive 
measures. Moreover, scant information is available re-
garding PEC and the immunization status of involved 
HCWs. Actually, not only efficacy of PEC has been 
repetitively proven, but specific recommendations 
have been issued for all HCWs whose mouth or nose 
is directly exposed to infectious respiratory droplets 
within a distance of less than 1 meter from a probable 
or confirmed case of IMD (72, 83). Despite the high 
risk perception usually associated with IMD (89-92), 
HCWs may fail to adhere to these recommendations, 
in particular as they may did not perform any airway 
management procedure on the index patient, being 
then unconscious of his/her actual state at the time of 
the exposures, as it was reported in some of the afore-
mentioned cases (20, 29). Nonetheless, antibiotics may 
cause adverse reactions in some patients (93), and some 
workers may deliberately avoid chemoprophylaxis in 
more doubtful cases. In other words, the limited num-
ber of secondary cases in healthcare workers may be 
interpreted as combined failure of PPE use and PEC. 

On the contrary, it is reasonable that vaccination 
status had only a limited effect on the reported data. 
Despite polysaccharide vaccines became available in 
the 1970s, only sporadically specific recommendations 
have been issued promoting vaccination of HCWs, 
even for personnel potentially exposed to IMD cases 
such as professionals from emergency departments or 
laboratories, ambulance workers, pediatricians (83, 94, 
95). Also the recently issued Italian National Vaccine 
Prevention Plan 2017-2019 did not include any spe-
cific recommendation regarding meningococcal vacci-
nation in healthcare settings (96-98).
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More extensive evidence details IMD cases ac-
quired in the biological laboratories, as such reports 
have appeared in the literature for many years, being 
previously summarized (9, 21). Collectively, available 
data suggest that BLWs would be at a significantly 
higher risk both for contracting IMD and for develop-
ing a more severe disease, with a relatively high preva-
lence of severe sequelae in surviving cases. 

Such results may be somehow explained. Firstly, 
even though immunization data are not homogenously 
available in all cases, only one among the 41 report-
ed cases was vaccinated, but failed to perform period 
boosters, and such results are consistent with reports 
suggesting low rates for meningococcal vaccination in 
BLWs (9, 19, 21). This is particularly frustrating, as 
most of available recommendations and guidelines are 
aimed to improve vaccination rates for all meningo-
coccal serogroups (83, 94-98), and conjugate vaccines 
have been proven as efficient in eliciting a sustained 
immune response in BLWs (12).

Second, a large share of reported cases occurred 
in BLWs who did not use MSC when manipulating 
microbiological specimens and/or viable cultures (9, 13, 
19, 34-37), and even when appropriate biosafety meas-
ures were apparently applied, follow-up investigations 
have sometimes identified violations and/or malfunc-
tioning that increased the extent of exposures (19, 21, 
39, 41). Such reports are somewhat worrisome, as mal-
functioning MSC may give to the laboratory personnel 
a false sense of security, with potential detrimental ef-
fect especially when BLWs are asked to manage speci-
mens from more aggressive strains, with subsequent 
higher risk for a more severe disease in case of infection.

In BLWs, unnoticed or underestimate exposures 
are even more worrisome, as some Authors have re-
ported a diffuse lack of accurate training on the early 
signs and symptoms of IMD: their management may 
be therefore affected by significant delays in diagno-
sis and treatment, with only late access to appropri-
ate PEC, and these remarks may collectively explain 
their often dismal prognosis. Actually, none of cases 
we analyzed had apparently received any PEC (9, 19, 
21, 39, 41).

The evidences we collected regarding work-relat-
ed secondary cases in occupational sectors other than 
healthcare, laboratory and schools are even more con-

flicting. Some workplaces may expose workers to sig-
nificant crowding in enclosed spaces, with subsequent 
increased risk for prolonged close contact (e.g. hotel 
industry, large industrial plants, activities associated 
with the reception of mass gathering, etc.), and subse-
quent transmission of the pathogens. Similarly, some 
reports have identified bars, restaurants, discotheques 
as environments at high risk for meningococcal conta-
gion, in particular in age groups characterized by high-
er carrier status (1, 4, 57, 73, 99-104). Again, there are 
some hints that airborne factors that may potentially 
damage the epithelium of the upper airways (e.g. ac-
tive and passive smoking, dusts, irritating vapors, etc.) 
may contribute to the early phases of meningococcal 
invasion of the bloodstream, in turn increasing the 
risk for developing IMD (16, 17, 48). However, our 
research identified only three work-related outbreaks 
in the industrial sectors (16, 17, 48), and all the afore-
mentioned reports require a cautious assessment. 

First at all, South American reports included large 
populations that resided in nearby communities that 
may be defined as “factory town”: working populations 
and communities were therefore largely coincident, and 
even large community outbreaks occurred simultane-
ously or nearly simultaneously with reported occupa-
tional IMD cases, whose contagion may therefore be 
accounted to community rather than to the occupation-
al settings (16, 17). Second, the Authors also pointed 
out that the outbreaks were at least partially consequent 
temporary swelling of the working population: as most 
of temporary workers shared recoveries and hostels, 
again it is possible that a significant share of cases were 
rather from the community than secondary to work-
place exposures (16, 48). In this regard, Sonnenberg et 
al were able to identify an interesting historical trend, 
with a significant reduction in incident cases following 
extensive interventions aimed to improve the quality of 
temporary dwelling sites for the workforce (48). 

The single case reported from the migration re-
ception center deserve some further reflection. Despite 
the ever increasing flow of migrants from high-risk 
countries, and the significant number of workers in-
volved in migrants’ reception, no other cases have to 
date been reported (49). Before accepting a relatively 
low risk for such occupational settings, it is possible 
that the reported case eventually represents an early 
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warning, suggesting the importance of adopting more 
stringent public health measures. First at all, inter-
ventions on migrants’ reception centers are required 
in order to improve housing conditions and allowing 
access to health services even in irregular situations 
(105-108). Eventually, as the staff of migrants’ recep-
tion centers eventually interact with people from high 
risk countries where vaccination campaigns are usually 
enforced (2-7, 49), it is reasonable suggesting the ac-
tive offer of meningococcal vaccines also for this oc-
cupational group (92, 105). 

Conclusions

In conclusion, despite several occupational set-
tings have the potential to expose workers to an in-
creased risk for N meningitidis infections and ultimate-
ly IMD, available reports  suggest that only in HCWs 
and BLWs increased preventive measures may found 
some base of evidence. Such interventions should 
include educative interventions aimed to improve 
knowledge of IMD, and in particular its risk factors 
and the recommendations for PEC. Both HCWs and 
BLWs must be made aware that PPE must be regu-
larly worn, in particular when managing the airways of 
unconscious patients not apparently involved in ma-
jor trauma, or during the handling of viable biologi-
cal specimens from even suspected IMD cases. Again, 
BLWs should avoid to manage biological specimens 
without appropriate biosafety measures.

Data regarding vaccination policies appear more 
conflicting: whereas higher incidence and lethality of 
IMD in BLWs stress the importance for improve their 
vaccination rates, the cost-effectiveness in HCWs 
seems doubtful. However, in cases of increased IMD 
rates in the reference population, vaccination cam-
paigns may found some rationale not only in BLWs 
and then in HCWs, but also for certain occupational 
groups such as school personnel and staff of reception 
centers.

Note: This article is based on previously conducted studies and 
does not involve any new studies of human or animal subjects 
performed by any of the authors. Ethics approval was not re-
quired for this narrative review.
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