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What have we learned about the role of intermittent shedding and 

environmental persistence in transmission of infectious diseases? 

Research focus was on the ecology of pathogens 

characterized by two traits: intermittent shedding 

and environmental persistence. Through modeling 

& experimental approaches (Fig. 1) we aimed to:  

• elucidate the evolutionary ecology of the two 

traits and their effects on pathogen 

transmissibility and control.  

• propose a general organizing principle for 

transmissibility of pathogens based on their 

aptitude for replication and survival within and 

outside the host.  
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We used mathematical modeling to study infectious 

agents characterized by intermittent shedding 

and/or free-living stage persisting in the 

environment (e.g., E. coli O157:H7, Salmonella, 

Vibrio cholera, Coccidioides immitis, & avian 

influenza viruses) [1,2,4,6,7,10,11,12,13,14]. 

Major findings:  

• In [1] we showed that decontamination of the 

environment can effectively control disease 

outbreaks, but disease elimination is possible 

only when the duration of infectiousness is in a 

certain range. This helps determine the control 

effort needed to push the duration of 

infectiousness into the specific range in order 

to eliminate the infection. 

• In [2] we showed that ambient temperature has 

a considerable effect on the prevalence of an 

infection with a free-living stage. As a model 

system we used E. coli O157:H7 in cattle. The 

model identified manipulation of the turnover 

rate of drinking water as a potential strategy to 

control the infection. A field study [11] was 

conducted to determine the distribution of 

water turnover rates in feedlots. The study 

revealed that water-troughs with lower 

turnover rate (i.e., higher amount of water at 

any time available to cattle) is warmer. Such 

water may thus support growth of E. coli 

O157:H7 and promote infection transmission.   

• In [10], we studied the effect of temperature 

and barn cleaning on the probability of an E. 

coli O157:H7 outbreak and extinction in cattle 

by using a stochastic-differential equation 

model as an approximation to a Markov jump 

process. While deterministic models predict an 

endemic infection, the stochastic model 

demonstrated that extinction of E. coli O157:H7 

infection from a cattle herd is inevitable and 

that the time to extinction depends on the 

ambient temperature and barn cleaning.  

• In [4], in collaboration with the Swedish 

National Veterinary Institute, we analyzed 

experimental challenge data to investigate the 

dynamics of intermittent shedding of four 

serotypes of Salmonella: S. Yoruba, S. Cubana, 

S. Typhimurium, and S. Derby. The results 

indicated that the more invasive S. 

Typhimurium and S. Derby have a tendency for 

shorter individual episodes of shedding but 

longer overall duration of host infection with 

longer total duration of infectiousness (i.e., the 

sum of individual shedding episodes) when 

compared with S. Yoruba and S. Cubana. The 

same trend has been observed for the strains of 

E. coli O157:H7 suggesting that intermittent 

shedding may be an universal mechanism used 

by pathogens to prolong the duration of their 

stay in the infected hosts. 

• In [12] we evaluated the effectiveness of 

cleaning as a measure to control S. 

Typhimurium spread in a grower-finisher pig 

herd. The model accounted for the intermittent 

pattern of infectiousness and the pathogen 

growth in the barn environment. The results 

indicated that increased frequency and 

efficiency of cleaning could reduce the 

infection transmission but not sufficiently to 

prevent an outbreak. Thus, to control S. 

Typhimurium  in pigs, cleaning should be 

applied along with vaccination and/or isolation 

of pigs excreting high numbers of the pathogen. 

• In [6], we showed that in the Next Generation 

Matrix approach to derive basic reproduction 

number,  R0, for pathogens with a free-living 

stage, the interpretation of the role of 

environment in the infection transmission 

process may lead to different R0 expressions 

giving rise to considerably different R0 values, 

which may misinform control policies.  

• In [14], a continuous-time Markov chain (CTMC) 

epidemic model was developed for infectious 

diseases with environmental transmission and 

growth of a free-living pathogen in the 

environment. A branching process 

approximation to the CTMC model was used to 

estimate the probability of an outbreak for 

populations with a small initial number of 

infectious individuals. The results highlighted 

the limitations of deterministic models in 

developing outbreak prevention strategies. 

Overall conclusions 

Single strain inoculation experiments revealed strain specific patterns of fecal shedding [7,8] (Table1).  

• FRIK 2533 was excreted for a very short time and at low levels.  

• FRIK47 was more likely to temporarily stop shedding (exhibiting on and off shedding) so that the total 

duration of shedding was almost 4x longer for FRIK 47 compared to FRIK 1641.  

• FRIK 1641 was excreted in a bit longer individual episodes but the on and off pattern of intermittent 

shedding was less pronounced and thus the total duration of shedding was shorter.  

In competition assays [13], growth and survivability of three strains E. coli O157:H7 were assessed (Fig. 2).  

• FRIK 47, FRIK 1641 and FRIK 2533 strains had indistinguishable survival in water.  

• When stationary cells were used as inoculum, FRIK 47 showed better growth in M10 media and better 

survival in feces than the other two strains, implying that some common stationary factors play roles in 

these processes.  

• Under the anaerobic conditions inside the cow’s GI tract, the pathogen survival in the log-phase may be 

considered as more important (or relevant) than survival in the stationary phase because E. coli O157:H7  

is supposed to multiply during this period to reach high numbers before being excreted into the 

environment. Under these conditions, FRIK 1641 had a bit better survival than FRIK47. This may explain 

why this strain also exhibited longer single individual episodes of shedding reported in [7].  

• Under the aerobic conditions, survival during stationary phase may be more important than log-phase 

replication because it is important for the pathogen to stay in the proximity of the host population long 

enough to increase chances to infect a susceptible hosts. Under these conditions FRIK47 did better than 

FRIK1641. This may explain why this strain was isolated more often than FRIK 1641 and FRIK 2533 from the 

environmental samples during the transmission experiment [13]. 

Analysis of the transmission experiment revealed that the load of E. coli O157:H7 in the environment 

strongly and statistically significantly promotes the spread of infection (Table 1).  

• The basic reproduction number, R0, was higher for FRIK 47 compared to FRIK 1641.  

• The R0 95% CI estimated for FRIK 1641 included one indicting the possibility of extinction. Indeed, this 

strain disappeared in one of the two replicates of the experiment.  

• Though FRIK 47 had longer duration of intermittent shedding and infection compared to FRIK 1641, the 

transmission rates estimated for the two strains were almost identical (with a small difference in the 

mean estimates in favor of FRIK 1641 but with highly overlapping CI). Therefore, there is no enough 

evidence to confirm existence of the transmission-recovery tradeoff between the duration of intermittent 

shedding and transmission of E. coli O157:H7 in cattle.  

Pathogens with traits for intermittent shedding and environmental persistence (e.g. L. monocytogenes, 

Salmonella, and E. coli O157:H7, are characterized with a substantial diversity at the genetic level: 

combinations of virulence factors determine their persistence in nature.  

• Based on high-throughput real-time qPCR technology we developed a panel of 28 target genes of 

enterohemorrhagic E. coli that can be used for rapid characterization of their genotypes [3]. 

• In [9] we studied the evolution of E. coli O157:H7 and their stx2-encoding prophage in a chronological 

collection of natural isolates. Data suggests the bovine and farm environments can be niches where Stx2-

negative E. coli O157:H7 emerge and persist, which explains the Stx variability in bovine isolates and may 

be part of an evolutionary step towards becoming bovine specialists. 
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Fig. 1.  Synthesis of theory and empirical data. 
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Fig. 2.  Summary of in-vitro competition assays [13]. 

The patterns of intermittent fecal shedding 

observed for the strains of E. coli O157:H7 and 

serotypes of Salmonella were very similar. 

• Compared to their less invasive cousins, the 

more invasive genotypes exhibited shorter 

individual episodes of shedding but were more 

likely to repeat the episodes many times.  

• This suggests that intermittent shedding may be 

an evolutionary adaptation of infectious agents 

to stay in the infected host longer.  

• Modeling studies highlighted the impeding 

effect of intermittent shedding on the 

detection and control of such infectious agents.  

The theoretical and empirical results collectively 

supported the proposition of a general organizing 

principle for pathogen transmissibility in terms of 

their aptitude for replication and survival inside 

the host and in the environment. However, we 

demonstrated that the free-living pathogen in the 

environment is strongly affected by the spatially 

and temporally varied environmental conditions, 

which must be considered in their control.  

Published papers 

Table 1. Summary of the results of genetic screening and in-vivo experiments on three strains of E. 

coli O157:H7 (FRIK 47, FRIK 1641 and FRIK 2533). Cells with different colors indicate meaningful and statistically 

significant difference;  different shades of the same color indicate meaningful difference but not statistically significant. NA=not analyzed. 
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FRIK 47 FRIK 1641 FRIK 2533 Ref

Isolate source Ground beef Raccoon Water

Genetic markers differences

stx1 + - + [3]

stx2 + "-/+" + [8]

hly933 + + - [3]

prophage marker O11-C + + - [3]

prophage marker R4-N + - - [3]

prophage marker R5-N + + - [3]

Single strain inoculation experiment

% positive fecal samples during experiment 52% 50% (14% stx2+;36% stx2-) 2% [8]

positive animals on the day following inoculation 8/12 (67%) 2/6 (33%) 2/6 (33%) [7]

median # (range) of positive sample/inoculated steer 8 (0–13) 7 (0–10) 0 (0–1) [7]

median shedding level/sample (log10 CFUs) 2.97 3 1.25 [7]

mean duration (95% CI) of a shedding episode (days) 4.3 (0.4, 17.2) 5.3 (0.9, 12.8) NA [7]

total duration (95% CI) of shedding episodes  (days) 14.6 (5.7, 33.2) 4.2 (0.8, 16.3) NA [7]

mean duration (95% CI) of a non-shedding episode  (days) 0.4 (0.03, 4) 0.7 (0.1, 8.2) NA [7]

total duration (95% CI) of non-shedding episodes  (days) 1.2 (0.3, 4.4) 0.25 (0.02, 3) NA [7]

total duration (95% CI) of infection  (days) 17.2 (1.6, 68.8) 10.6 (1.8, 25.6) NA [13]

Infection transmission experiment

average # of positives/experiment 56.5 18.5 2.5 [13]

total # of new cases/experiment 6.5 5 0 [13]

average # of infectious animals/day/experiment 3.77 1.41 0.16 [13]

average # of susceptibles/day/experiment 5.81 8.38 9.84 [13]

average # of infected non-shedders/day/experiment 0.73 0.4 0 [13]

mean (95% CI) transmission rate/day 0.11 (0.06, 0.18) 0.14 (0.07, 0.24) NA [13]

mean (95% CI) basic reproduction number (R0) 1.89 (1.03, 3.10) 1.48 (0.74,2.54) NA [13]
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