
, , and  are the most com-
mon causes of acute bacterial gastroenteritis, especially 

among children [1].
The young age group is highly exposed to food borne dis-

eases due to high exposure of preschool and school-aged chil-
dren to outsourced food services, where guidelines for proper 
hand washing, adequate cooking or avoidance of cross-contam-

ination, and keeping foods at at safe temperatures might be in-
appropriately followed. However, in-house infection may also 
occur due to lack of good hygiene habits at home. The immune 
system of very young children is vulnerable in the first years 
of life and matures following exposure to different pathogens 
throughout the years, thus developing the ability to generate an-
tibodies against different pathogens.

Risk factors for infection with one bacteria have been de-
scribed previously globally [2-4] and in Israel [5-7] but reports 
on patients infected non-simultaneously with all three patho-
gens are scarce. Identifying risk factors for multiple infections 
with these bacteria can help authorities to focus on specific pop-
ulation groups, which may be highly susceptible and apply ap-
propriate and specific control measures to prevent further cases.

We identified risk factors for infection with 
, and , which occurred between January 

1999 and December 2020 in the same person compared to infec-
tion with only one bacteria over the same period.

We conducted a retrospective observational case-case–control 
study using data from the Israel Sentinel Laboratory-Based 
Surveillance Network (ISLBSN), an ongoing laboratory-based 
surveillance network established in 1997 in the Israel Center for 
Disease Control (ICDC). Eight laboratories are included in the 
ISLBSN. From northern Israel: Clalit Health Services in Haifa 
and Emek Medical Center in Afula; from central Israel: Mac-
cabi Healthcare Services in the Dan district, Clalit Health Ser-
vices in Petah Tikva, and Sheba Medical Center in Tel Hasho-
mer; from Jerusalem: Hadassah Medical Centers and Meuhedet 
Health Services; and from southern Israel: Soroka University 
Medical Center in Beer Sheva. These laboratories covered 
50.4% of the 2019 Israeli population. , , and 

reports from the ISLBSN laboratories were sent 
on monthly basis to the ICDC, and were integrated into the da-
tabase and used for our analysis. 



A case was defined as a patient infected with all three bac-
teria:  and , and at any time 
point or order between January 1999 and December 2020. A 
control was defined as a patient infected with only one of these 
enteropathogens and only once during the same period.

Each case participant was classified by age at the last obser-
vation into the following categories: 0–4 and 5–9 years. Con-
trol participants were classified by age at the time of isolation. 
Additional variables collected were sex (male vs. female), birth 
country (Israel vs. other), nationality (Jewish or other vs. Arab), 
district of residence (Jerusalem, north, Haifa, central, Tel Aviv, 
south, and Judea and Samaria), and residential socioeconomic 
rank (high [6–10] vs. low [1–5]). The socioeconomic rank is 
an index obtained from the Israeli Central Bureau of Statistics, 
ranging between 1 (low) and 10 (high), assigned for each sta-
tistical-geographical unit, and based on the following factors: 
demographic composition, level of schooling and education, 
standard of living, employment and benefits [8].

Data analysis

Patient demographics were compared using Pearson's chi-square 
test for categorical variables. Univariable logistic regression mod-
els were performed to identify risk factors associated with infec-
tion with the three bacteria. Odds ratios (OR) and 95% confidence 
intervals (95%CI) were calculated. Next, a multivariable model 

was generated using statistically significant variables identified 
in the univariable regression model to assess the independent risk 
factors for multiple infection. A -value < 0.05 was considered 
significant. Statistical analyses were performed using SAS Enter-
prise Guide (Version 7.12, SAS Institute Inc., Cary, NC, USA).

During the study period, we identified 109 children (cases) (0.1%) 
infected with , , and  and 86,511 
children infected with only one bacteria (controls) (99.9%).

The demographic characteristics of cases and controls are 
shown in Table 1. Cases and controls presented with significant 
difference in nationality distribution: 87.0% were Jewish or oth-
er in the case group, while among controls only 78.6% were 
Jewish or other ( -value = 0.0334). 

Table 2 presents the univariable and multivariable analy-
ses for prediction of diagnosis with , , and 

within the same child during the study period 
in Israel. In the multivariable analysis, the odds ratio for in-
fection with the three bacteria was significantly higher among 
Jewish or other compared to Arabs (OR 2.4, 95%CI 1.3–4.4, 

-value = 0.0032). We also observed a significantly higher odds 
ratio for infection with the three bacteria among residents of 
Jerusalem district (OR 3.2, 95%CI 1.3–7.7, -value = 0.0115) 



and the southern district (OR 3.7, 95%CI 1.5–8.8, -value = 
0.0034) compared to the central district. The distribution of 
nationality (Jewish or other vs. Arabs) among the seven dis-
tricts in Israel was significantly different ( -value < 0.0001); 
however, the interaction between the two variables was not 
statistically significant ( -value = 0.9999).

In this study, we demonstrated that infection with , 
, and  in a single individual over a des-

ignated period of time is rare among Israeli children. We have 
shown an association between nationality and infection with the 
three bacteria, in which the odds ratio for infection was signifi-
cantly higher among the Jewish population and others compared 
to the Arab population. The Arab population accounts for 21% 
of the Israel population and on average have lower socioeco-
nomic status than Jews [9], which may be associated with higher 
likelihood of infectious diseases incidence [10]. Thus, we ex-
pected that multiple infections would be more common among 
Arabs. Possible explanation for our opposite findings might be 
a higher tendency of Jews to utilize healthcare services, even in 
mild cases like diarrhea, compared to Arabs. Notwithstanding, 

the National Health Insurance Law of 1994 covers all Israeli 
citizens; thus, accessibility and usage of the healthcare system 
are not expected to differ between population groups. 

We have also found a positive association between infection 
with the three bacteria and residency in Jerusalem and southern 
districts. The spread of infectious diseases varies by geographic 
region and population [11]. Geographic difference is influenced 
by multiple factors, including genetics and immunity of the 
human population, demographic factors, social and behavior-
al factors, food preparation habits, local traditions, high quality 
housing, sanitation, public health infrastructure, good surveil-
lance, high standards of living, good nutrition, lack of crowding, 
access to good medical care, and biologic characteristics of the 
microbiome [11]. 

The association between multiple infections and residen-
cy in Jerusalem and southern districts may be explained by 
the characteristics of the specific populations. The residents 
of Jerusalem and southern districts were at the lowest socio-
economic status (97.4% and 95.6%, respectively, were from 
the lower 1–5 socieconomic scale). It has already been demon-
strated that low socioeconomic status populations experience 
greater rates of multiple food borne illness due to persistent 
patterns of food handling or acquisition among these popula-



tions [10]. Akil et al. [12] suggested that high levels of food 
borne infections caused by , , and 

 may be the result of cultural food handling practices 
or socioeconomic factors.

The benefit of our study is the ability of the ISLBSN to 
identify cases that were isolated with , , and 

over a long period of time and using the same 
data collection methods.

The limitations of our study are as follows: 

healthy population as they were also infected with one of the 
enteropathogens. However, this bias strengthens our findings 
because the ratio between the odds is underestimated and the 
actual association is expected to be even stronger 

considered, thus changes in age and residency are expected

Although very rare, non-simultaneous infection with multiple 
enteric bacteria does occur in Israel and culture-adjusted pro-
grams to promote proper hygiene practices should be applied, 
especially by the local authorities of Jerusalem and the southern 
districts.

AZD7442 is a combination of two fully human SARS-

CoV-2–neutralizing monoclonal antibodies (tixagevimab 

from B cells obtained from individuals infected with SARS-

CoV-2. A total of 5197 participants underwent randomization 

and received one dose of AZD7442 or placebo (3460 in the 

analysis, initiated by Levin et al., was conducted after 30% 

of the participants had become aware of their randomized 

in the placebo group reported having at least one adverse 
event, most of which were mild or moderate in severity. 
Symptomatic COVID-19 occurred in 8 of 3441 participants 

95% confidence interval [95%CI] 46.0–90.0, 
Extended follow-up at a median of 6 months showed a 

cases of severe or critical COVID-19 and two COVID-19–
related deaths occurred, all in the placebo group.


