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 Human Enteric Coronaviruses: Antigenic Relatedness to Human
 Coronavirus OC43 and Possible Etiologic Role in
 Viral Gastroenteritis

 Giuseppe Gerna, Nilda Passarani,

 Massimo Battaglia, and  Elio G. Rondanelli

 From the Virus Laboratory, Institute of Infectious Diseases,
 University of Pavia and IRCCS Policlinico S. Matteo,

 Pavia; and the CNR Institute of Experimental Medicine,
 Rome, Italy

 In a group of infants with acute nonbacterial gastroenteritis, examination of paired sera
 for antibody to human coronavirus (HCV) OC43 and neonatal calf diarrhea coronavirus
 showed a peculiar pattern of serological response, restricted only to HCV OC43 surface
 antigens, in a significantly higher proportion than among age-matched controls. In an-
 other group of infants and young children with acute nonbacterial gastroenteritis, fecal
 excretion of coronavirus-like particles was detected by electron microscopy in 34 (16.3%)
 of 208 patients as compared with three (1.6%) of 182 controls (P < .01). Two strains of
 human enteric coronavirus (HECV) were purified from stools of two patients, and im-
 mune sera were raised in mice and guinea pigs. Immune electron microscopy showed a
 two-way cross-reactivity between HECV and HCV OC43 when tested with immune sera
 and convalescent-phase sera from patients with infection due to HECV or HCV OC43.

 Human coronavirus (HCV) OC43 causes infections
 of the upper respiratory tract [1-3]. Neonatal calf
 diarrhea coronavirus (NCDCV) is a major cause of
 diarrhea in newborn calves [4, 5]. Antigenic rela-
 tionships between these two coronavirus (CV)
 strains have recently been shown to be close only
 for antigens expressed in infected cells when mouse
 hyperimmune sera are used and also for surface an-
 tigens when convalescent-phase sera from natural
 hosts are used [6, 7]. In addition, CVs have possibly
 been involved in the etiology of human gastroente-
 ritis, a suggestion based mainly on electron micro-
 scopic findings of CV-like particles in human stools
 and intestinal epithelium [8]. Because CVs are diffi-
 cult to isolate and cultivate and because CV-like

 particles have been repeatedly reported to be ex-
 creted in stools for long periods, we first used some
 retrospectively selected clinical specimens for a

 serological approach to the study of the suspected
 role of CVs in human gastroenteritis. We then ex-
 amined more patients and controls for fecal ex-
 cretion of CV-like particles as well as for serum
 antibody response to CVs. In addition, the anti-
 genic relations between HCV OC43 and human en-
 teric CV (HECV) were studied by immune electron
 microscopy (IEM) by using immune sera and con-
 valescent-phase sera from patients with either
 infection.

 Materials and Methods

 Patient groups. Sixty-two inpatients, two to 12
 months old, with the clinical diagnosis of acute gas-
 troenteritis were selected during a period of a year
 (1967-1968) on the basis of negative tests for en-
 teropathogenic bacteria (Salmonella, Shigella, en-
 terotoxogenic Escherichia coli, Yersinia, and Cam-
 pylobacter). As a control group 50 age-matched
 inpatients with the clinical diagnosis of acute non-
 bacterial disease other than gastroenteritis were
 selected during the same period. From each patient
 an acute-phase serum sample was obtained at ad-
 mission; a convalescent-phase sample was drawn
 10-20 days later. Paired sera were examined for
 antibody to HCV OC43, NCDCV, and HECV.
 These patients with gastroenteritis and the controls
 were selected retrospectively, and stools were not
 available.

 Received for publication June 26, 1984, and in revised form
 October 29, 1984.

 This work was supported by grant GRT C6 181/124 from the
 World Health Organization and by funds from the Ministero
 della Pubblica Istruzione (Ricerca Scientifica 60%).

 We thank Dr. D. Torre (Division of Infectious Diseases, Re-
 gional Hospital of Varese, Varese, Italy) for providing some of
 the clinical specimens and Nicholas Rizzo for help in English re-
 vision.

 Please address requests for reprints to Dr. Giuseppe Gerna,
 Virus Laboratory, Institute of Infectious Diseases, University of
 Pavia, 27100 Pavia, Italy.
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 Stools and paired sera were then collected in the
 period 1981-1983 from 208 infants and young chil-
 dren, two months to four years old, with acute gas-
 troenteritis and from 182 age-matched controls.
 Sera were tested for antibody to HCV OC43,
 NCDCV, and HECV. Fecal suspensions were exam-
 ined by electron microscopy [9] after negative stain-
 ing with 2% sodium phosphotungstate (pH 6.8) or
 2% uranyl acetate (pH 4.5).

 Purification of HECV Stools from two pa-
 tients with gastroenteritis were rich enough in CV-
 like particles to allow purification of virus. HECV
 from clarified fecal suspensions was purified by
 ultracentrifugation in sucrose density gradients, as
 reported for NCDCV by Sharpee et al. [10]. The
 gradient fractions were examined by electron mi-
 croscopy for detection of typical CV particles.

 Antisera to HECV Using purified virus, we
 raised antisera to the two purified CV strains
 (HECV-24 and HECV-35) in CD-1 mice and in
 Hartley strain guinea pigs. Guinea pigs and four-
 week-old weanling mice received four 1.0-ml im
 inoculations, one week apart, of viral suspension
 in Freund's complete adjuvant. The total dose of
 immunogen was 1010-101 viral particles (as de-
 termined by electron microscopy) per animal.
 Animals were bled seven days after the final inocu-
 lation.

 Serological tests for CVs. HCV OC43 and
 NCDCV were adapted to both human embryonic
 lung fibroblasts and Vero cells [6, 7, 11]. OC43- and

 NCDCV-hyperimmune sera were obtained from
 mice immunized with a CV strain adapted to suck-
 ling mouse brain [6]. The HAI and neutralization
 (NT) tests and detection of immunoperoxidase IgG
 antibody specific for CV (IgG IPA) were performed
 as previously described [6, 11]; test sera were treated
 with phospholipase C before the HAI and NT tests
 to remove nonspecific inhibitors of HA and infec-
 tivity. For detection of indirect fluorescence with
 IgG antibody to membrane-associated antigen
 (IgG IFAMA), OC43- and NCDCV-infected Vero
 cells grown in microtiter plates were used at 48 and
 72 hr after infection, respectively [7].

 Immune electron microscopy. IEM procedures
 [12] were performed on (1) HECV-24 and HECV-35
 purified from stools and (2) crude harvests of cell
 culture-adapted HCV OC43 and NCDCV. Viral sus-
 pensions were diluted appropriately to give one to
 two particles per 400-mesh grid square by direct elec-
 tron microscopy. About 0.2 ml of an appropriate se-
 rum dilution (determined in the homologous system)
 was mixed with 0.8 ml of each viral suspension, in-
 cubated at room temperature ("23 C) for 1 hr, and
 then centrifuged at r34,000 g for 90 min at 4 C. The
 pellet was resuspended in a few drops of distilled wa-
 ter, stained with 2%0 uranyl acetate (pH 4.5), and
 dropped onto 400-mesh grids that we coated with
 Formvarf carbon (Merck, Darmstadt, Federal Re-
 public of Germany). The grids were examined with
 an electron microscope (model EM 201 or EM 301;
 Philips, Mahwah, NJ) at a magnification of '40,000.

 Table 1. Patterns of antibody response to HCV OC43 and NCDCV in human, bovine, and simian sera.

 Species,

 pattern of Presence of antibody to indicated CV strain by
 antibody antibodynHAI NT IgG IPA IgG IFAMA response

 to CV OC43 NCDCV OC43 NCDCV OC43 NCDCV OC43 NCDCV

 Human

 H1 + + + + + + + +
 H2 + - +

 H3 + + + + + + + +
 H4 + + + + + + + +

 Bovine

 B + + + + + + + +

 Simian

 S + + + +

 NOTE. Antibody titer of >1:20 by HAI and IgG IFAMA and >1:80 by the other tests = (+); antibody titer of <1:10 by HAI
 and IgG IFAMA and <1:20 by the other tests = (-); and antibody titer of 1:10 by HAI and IgG IFAMA and 1:40 by the other
 tests = (k).
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 Table 2. Examples of the four different human patterns of antibody response to HCV OC43 and NCDCV.

 Reciprocal antibody titer to indicated CV by
 Pattern of

 antibody Patient/ HAI NT IgG IPA IgG IFAMA antibody Patient/
 response age (months) Serum OC43 NCDCV OC43 NCDCV OC43 NCDCV OC43 NCDCV

 H1 66/10 Acute <10 <10 <20 <20 <20 <20 <10 <10
 Convalescent 40 10 160 40 160 80 40 10

 H2 R-2/11 Acute <10 <10 <20 <20 <20 <20 <10 <10

 Convalescent 40 <10 1,280 <20 <20 <20 <10 <10

 H3 19/2 Acute 10 <10 40 20 20 20 10 10
 Convalescent 80 10 1,280 80 160 80 40 20

 H4 1755/2 Acute 10 <10 40 <20 <20 <20 <10 <10
 Convalescent 20 <10 160 40 <20 <20 <10 <10

 Sera examined. In addition to paired sera from
 patients with gastroenteritis and from controls, the
 following groups of sera were examined for antibody
 to both HCV OC43 and NCDCV by all four sero-
 logical tests: (1) OC43- and NCDCV-hyperimmune
 mouse sera, (2) mouse and guinea pig antisera to
 HECV-24 and HECV-35, (3) single serum specimens
 from 40 calves, and (4) single serum specimens from
 50 African green, 20 rhesus, and 30 cynomolgous
 monkeys. Some sera from patients with gastroente-
 ritis and from controls, as well as antisera to CV,
 were also tested for IEM reactivity with the two
 HECV strains, HCV OC43 and NCDCV.

 Results

 Patterns of antibody response to HCV OC43 and
 NCDCV in human and animal sera. In all hu-

 mans tested two main patterns of antibody re-
 sponse to HCV OC43 and NCDCV were encoun-
 tered: H1 and H2 (table 1). The H1 pattern shows
 the presence of NT and often HAI antibody to both
 CV strains in association with the presence of IgG
 antibody to both viruses by IPA and IFAMA. This
 pattern is the one usually found in sera from chil-
 dren and adults. In contrast, the H2 pattern shows
 the presence of NT and often HAI antibody only
 to HCV OC43 in the absence of IgG antibody by
 IPA and IFAMA to either CV strain. This pattern
 was found only in infants and less frequently in
 young children, but never in adults. In addition,
 two other patterns were far less frequently encoun-
 tered in infants: H3 and H4 (table 1). The H3 pat-
 tern is similar to the H1 pattern, but the titer of NT
 antibody to HCV OC43 is at least 16-fold higher
 than the titer of NT antibody to NCDCV. The H4

 pattern is similar to the H2 pattern, but the NT an-
 tibody response to HCV OC43 is associated with
 the presence of NT antibody to NCDCV. Examples
 of seroconversion for each of the four human pat-
 terns of antibody response to HCV OC43 and
 NCDCV described above are reported in table 2.

 All 40 calves tested showed the presence of serum
 antibody to both HCV OC43 and NCDCV by all
 tests. However, as a rule homologous titers were at
 least fourfold higher than heterologous titers (pat-
 tern B; table 1). Twenty-three of 50 African green
 monkeys showed the presence of NT antibody to
 both HCV OC43 and NCDCV in the absence of IgG
 antibody by IPA and IFAMA (pattern S; table 1),

 Table 3. Prevalence of different patterns of antibody
 response to HCV OC43 and NCDCV in 62 infants with
 acute nonbacterial gastroenteritis and in 50 age-matched
 controls with other nonbacterial infections.

 No. of infants (%)
 Patterns of antibody with antibody response
 response in paired
 sera Gastroenteritis Control

 H1

 Seroconversion 2 (3.2) 2 (4.0)
 Stable titers 13 (21.0) 11 (22.0)

 H2

 Seroconversion 17 (27.4)* 1 (2.0)*
 Stable titers 3 (4.8) 1 (2.0)

 H3

 Seroconversion 2 (3.2) 2 (4.0)
 Stable titers 3 (4.8) 4 (8.0)

 H4

 Seroconversion 0 1 (2.0)
 Stable titers 2 (3.2) 2 (4.0)

 * Highly significant statistical difference (P < .01).
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 whereas none of 20 rhesus and 30 cynomolgous mon-
 keys possessed specific antibody to HCV OC43 or
 NCDCV by any of the tests used.
 Prevalence of different patterns of antibody re-

 sponse to HCV OC43 and NCDCV in infants. In
 the paired sera tested seroconversion and stable an-
 tibody titers of each pattern were detected in both
 the gastroenteritis group and the control group (ta-
 ble 3). The H2 pattern of CV seroconversion was ob-
 served in a much higher proportion of patients with
 gastroenteritis than in controls (27.4% vs. 2.0%,
 respectively). This difference was the only one that
 was statistically significant between the two groups.
 Stable titers of antibody to HCV OC43 and NCDCV
 in all four patterns were present in a comparable
 proportion of cases in both groups. However, stable
 antibody titers in the H1 pattern were largely pre-
 dominant in both groups, a result suggesting that
 in the first year of life OC43-like infections (elicit-

 ing an antibody response to both HCV OC43 and
 NCDCV detectable by all the tests used) are the most
 common.

 Fecal excretion of HECV by patients with gas-
 troenteritis and by controls. Among the 208 in-
 fants and young children with acute gastroenteritis
 examined for fecal excretion of viral particles, CV-
 like particles were detected in 34 patients (16.3%),
 whereas they were detected only in three (1.6%) of
 the 182 age-matched controls (P < .01). The parti-
 cles appeared pleomorphic, enveloped, and round,
 oval, or kidney shaped, with a diameter of 70-200
 nm, surrounded by a fringe of surface projections
 15-25 nm long (figure lA). The buoyant density of
 the two HECV strains purified by sucrose density
 gradient ultracentrifugation, as determined by elec-
 tron microscopic examination of each gradient
 fraction, corresponded to r1.20 g/ml, a value in
 agreement with those reported for human and ani-

 A

 B

 C..  D

 Figure 1. Morphology of CV particles: (A) strain HECV-35 and (C) HCV OC43. Bar = 100 nm. Immune aggregates
 formed with homologous guinea pig antiserum: (B) strain HECV-35 and (D) HCV OC43. Bar = 200 nm.
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 Table 4. Positivity for fecal excretion of HECV, alone
 or associated with other viruses, among 208 infants and
 young children with acute gastroenteritis.

 Virus detected No. positive (%)

 HECV 25 (12.0)
 HECV + AV 1 (0.5)
 HECV + HRV 4 (1.9)
 HECV + SRV 3 (1.4)
 HECV + Astro + HRV 1 (0.5)

 NOTE. AV = adenovirus; HRV = human rotavirus; SRV
 = "small round virus" particles; Astro = astrovirus.

 mal CVs [13]. HECVs were detected by electron mi-
 croscopy usually as single particles and sometimes
 associated with adenovirus, rotavirus, astrovirus,
 and "small round virus" particles (table 4). Among
 the few subjects who could be followed up for the
 length of HECV excretion, fecal shedding for
 periods of two to six months after recovery from
 gastrointestinal illness was observed in two pa-
 tients. Most patients with gastroenteritis and most
 controls showed the presence of antibody to both
 HCV OC43 and NCDCV by all the serological tests

 used (HI pattern with stable titers), and no statisti-
 cally significant difference between these two
 groups was observed.

 IEM reactivity of animal antisera and
 convalescent-phase sera from infants showing H2
 seroconversion. Representative results obtained by
 IEM using animal antisera as well as data on the IEM
 reactivity of human convalescent-phase sera are
 reported in table 5. HCV OC43-immune mouse se-
 rum reacted very strongly with HCV OC43 (figure
 ID), moderately with HECV-24 and HECV-35, and
 weakly with NCDCV, whereas NCDCV-immune

 mouse serum reacted very strongly with NCDCV,
 weakly with HCV OC43, and very weakly with the
 two HECV strains. Conversely, antisera to HECV-
 24 and HECV-35 reacted strongly with the HECV
 strains (figure 1B) and weakly to moderately with
 HCV OC43, but they did not react with NCDCV
 (table 5).

 Convalescent-phase sera from infants showing
 H2 seroconversion were also tested for IEM reactiv-

 ity with HCV OC43, NCDCV, and the two purified
 HECV strains (HECV-24 and HECV-35). All the
 H2 convalescent-phase sera tested showed moder-
 ate reactivity with HCV OC43 and a strong reactiv-
 ity with HECV-24 and HECV-35, but they did not
 react with NCDCV. In contrast, acute-phase sera
 were not reactive or were only very weakly reactive.
 H2 stable titers showed the same pattern of IEM re-
 activity as H2 convalescent-phase sera. On the
 other hand, H1 convalescent-phase sera reacted
 strongly with HCV OC43 and moderately with
 NCDCV and the two HECV strains. In most pa-
 tients positive for fecal excretion of CV-like parti-
 cles, antibody to HCV OC43 and NCDCV was
 detected by all the serological tests used. Con-
 valescent-phase sera from the few patients who
 were seronegative for previous infections with HCV
 OC43 reacted by IEM with the two HECV strains
 and to a lesser extent with HCV OC43. Acute-phase
 sera from the same patients were poorly or not reac-
 tive by IEM.

 Discussion

 These results suggest a possible enteropathogenic
 role of an as yet unknown HCV OC43-related

 Table 5. IEM reactivity of HCV OC43, NCDCV, HECV-24, and HECV-35.

 IEM reactivity of

 Serum HCV OC43 NCDCV HECV-24 HECV-35

 HCV OC43, mouse + + + + + + + + +
 NCDCV, mouse + + + ++ +
 HECV-24, mouse +/+ + + + + + +
 HECV-24, guinea pig + + + + + + +
 HECV-35, guinea pig +/+ + + + + + + +
 HCV OC43 human convalescent-phase* + + + + + + + + +
 HECV, human convalescent-phaset + + + ++ + + +

 NOTE. The IEM reactivity (per 400-mesh grid square) was scored as follows: (-), no immune aggregates; (+), <1 immune
 aggregate; (+), 1 aggregate; (+ +), 2-5 aggregates; (+ + +), 6-10 aggregates; and (+ + + +), >10 aggregates.
 * HI pattern of antibody response to CV (see table 2).
 t H2 pattern of antibody response to CV (see table 2).
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 HECV in infants and young children. This conclu-
 sion is supported by the following data. (1) In a fair
 proportion of subjects with nonbacterial gas-
 troenteritis, a peculiar pattern (H2) of antibody re-
 sponse to HCV OC43 was observed, entirely dis-
 tinct from that found in convalescent-phase sera
 from infants with respiratory infections due to
 HCV OC43 (pattern Hi). (2) In infants and young
 children with acute gastroenteritis, fecal excretion
 of HECV was detected more frequently than in age-
 matched controls. (3) All convalescent-phase sera
 from infants showing H2 seroconversion showed
 IEM reactivity with HCV OC43 and also with
 HECV-24 and HECV-35. In addition, HCV OC43-
 hyperimmune serum, H1 convalescent-phase sera,
 and animal antisera to the two HECV strains puri-
 fied from stools reacted with HCV OC43 as well as

 with HECV-24 and HECV-35. Thus a two-way
 cross-reactivity between surface antigens of HCV
 OC43 and HECV appears to exist. Furthermore, on
 the basis of preliminary findings the antisera to the
 two HECV strains and to a lesser extent HCV

 OC43-hyperimmune serum appear to react with
 the CV-like particles in stools from all our positive
 patients by conventional IEM and also by solid-
 phase IEM [14].

 The H1 pattern has previously been reported as
 typical of primary respiratory infections with HCV
 OC43 [6, 11], whereas the H2 pattern is described
 here for the first time. The H1 and H2 patterns were
 identified on the basis of two main differences. (1)
 The H1 pattern presented reactivity to HCV OC43
 by all the serological tests used, whereas the H2 pat-
 tern showed reactivity only to HCV OC43 surface
 antigens. (2) The H1 pattern also showed reactivity
 to NCDCV antigens, whereas in the H2 pattern re-
 activity to NCDCV was not detected. The complete
 dissociation between antibody reactivity to HCV
 OC43 surface antigens (as determined by HAI and
 NT) and antigens expressed in infected cells (as de-
 termined by IgG IPA and IgG IFAMA) was not pre-
 viously reported but was surprisingly found also in
 sera from African green monkeys (pattern S). These
 findings could be important in view of the reported
 fecal excretion of CV-like particles in nonhuman pri-
 mates [15, 16]. In contrast, in bovine sera a pattern
 of antibody response similar to the H1 pattern was
 encountered (pattern B). The H3 and H4 patterns
 infrequently found in humans appear to be very close
 to the H1 and H2 patterns, respectively. They are pos-
 sibly due to infection by antigenically close strains

 or to a different reactivity by different individuals
 to infections by the same CV strain.

 The possibility that HECV gives rise to antibod-
 ies of only the IgM or IgA class to corona antigen
 (NT and HAI) as well as to CV antigens other than
 corona cannot be excluded. However, this sugges-
 tion seems unlikely because in all patients with acute
 infection due to HCV OC43 so far examined, we con-
 sistently detected the H1 pattern [6, 11]. Schmidt and
 Kenny [17], using two-dimensional immune elec-
 trophoresis, detected antibody only to the slow mov-
 ing antigen (eliciting NT antibody) of HCV OC43
 in human sera from acute infections with HCV

 OC43. This result was presumably determined by the
 low sensitivity of the technique used and is in agree-
 ment with our previous results showing a higher NT
 than IgG (as detected by IPA) antibody titer in
 convalescent-phase sera from patients with acute in-
 fection with HCV OC43 [6, 11]. Alternatively, be-
 cause Schmidt and Kenny [17, 18] showed that only
 high immunogenic doses were able to elicit antibod-
 ies reacting with all three major CV antigens, it is
 possible that in infections with HECV the amount
 of antigen is too low to elicit an IgG antibody re-
 sponse other than NT or that the IgG antibody re-
 sponse to noncorona antigens is too weak to be
 detected.

 Infants showing H2 seroconversion as well as in-
 fants and young children positive for detection of
 CV-like particles in feces had diarrhea for two to
 three days, had no fever, and subsequently recovered
 rapidly. So far the suspected etiologic role of CVs
 in human gastroenteritis was based on electron mi-
 croscopic detection of CV-like particles in stools
 from subjects with diarrhea [8]. However, Moscovici
 et al. [19] recently described an outbreak of acute
 hemorrhagic enterocolitis (in immature infants) as-
 sociated with both detection of CV particles in stools
 and appearance of an IEM antibody response to a
 strain of HECV. More recently Vaucher et al. [13]
 reported an outbreak of gastrointestinal illness in ne-
 onates with similar electron microscopic and IEM
 findings. The serological results here reported add
 further support to the suspected enteropathogenic
 role of CVs in infants and children. There may be
 several reasons for the delay in obtaining serologi-
 cal support for the association between CV infec-
 tion and gastroenteritis in humans. First, specific NT
 and HAI tests have only recently been made reliable
 by eliminating CV infectivity inhibitors and non-
 specific inhibitors of CV HA [6, 11]. Second, com-
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 parative studies of the reactivity of human sera with
 known human and animal CVs have not usually been
 performed in patients during the first year of life.
 Antibody to HCV OC43 is acquired early in life [20],
 and previous antibody responses to infection by
 different respiratory strains of CV related to HCV
 OC43 could have hidden the antibody response to
 HECV in most young children positive for fecal ex-
 cretion of CV-like particles. Third, HECV strains de-
 tected by electron microscopy in human stools have
 not been studied for reactivity with convalescent-
 phase sera from infants with acute nonbacterial gas-
 troenteritis until recently [13, 19].
 A study of the antigenic relationships among
 HECV, HCV OC43, and NCDCV is reported for the
 first time in this article. A two-way cross-reactivity
 between HCV OC43 and the two HECV strains was

 consistently observed. The antigenic relatedness to
 HCV OC43, the typical morphology, and the buoy-
 ant density in sucrose-in agreement with those
 reported for known human and animal CVs [21] -
 suggest that the CV-like particles detected by elec-
 tron microscopy were actually HECVs. Furthermore,
 on the basis of preliminary findings some HECV
 strains from stools of our patients can be propagated
 on HRT 18 cell monolayers [22], but only with par-
 tial success. This cell line appeared to be susceptible
 to HECV only at low population-doubling levels.
 Although only a few patients could be followed up
 for the length of viral excretion, fecal excretion of
 HECV was detected for as long as six months after
 recovery from diarrhea. Our results are in accord
 with those of several authors [8] who reported fecal
 shedding of CV-like particles by patients for periods
 of several months after cessation of symptoms.

 The following conclusions can be drawn. (1)
 HECV infection appears to be associated with some
 cases of acute gastroenteritis, and the possible en-
 teropathogenic role of HECV must be further in-
 vestigated. (2) HECVs are antigenically related to
 HCV OC43. (3) With use of specific hyperimmune
 antisera, fecal HECV excretion could be readily de-
 tected in the near future by methods such as ELISA,
 which is more widely used than is electron micros-
 copy or IEM [9]. This technical advance will be of
 help in defining the relation between HECV infec-
 tion and gastrointestinal illness.

 Addendum

 After the submission of this article, it was reported
 that coronavirus-like particles detected by electron

 microscopy in stools from humans show a serologi-
 cal relationship with the Breda virus [23] recently
 isolated from calves with diarrhea [24]. A similar
 virus, referred to as the "Berne" virus, was isolated
 from a horse with enteritis [25]. Both these viruses
 resemble coronavirus-like particles by electron mi-
 croscopy and have recently been assigned to the
 newly proposed family of Toroviridae (M. C. Hor-
 zinek, M. Weiss, and G. N. Woode, unpublished
 observation). These viruses have been shown by
 serological tests to be members of the same group
 and not to be cross-reactive with three animal mem-

 bers of the Coronaviridae family [25]. In addition,
 the Berne virus has been shown to direct the synthe-
 sis of polypeptides with a pattern of molecular
 weights quite different from those of coronaviruses
 [26]. The genome polarity seems also to be differ-
 ent from coronaviruses [26]. However, in an epide-
 miological survey antibodies to the Berne virus
 were found in several animal species but not in hu-
 mans [25]. Thus recent findings showing an anti-
 genic relationship between the Breda virus and
 coronavirus-like particles from human stools [23]
 require confirmation. We cannot now exclude the
 possibility that in humans as well as in animals two
 groups of coronavirus-like particles (one belonging
 to the Coronaviridae and the other to the new

 Toroviridae family) may be associated with gas-
 troenteritis.

 References

 1. McIntosh K, Dees JH, Becker WB, Kapikian AZ, Chanock
 RM. Recovery in tracheal organ cultures of novel viruses
 from patients with respiratory disease. Proc Natl Acad
 Sci USA 1967;57:933-40

 2. Kaye HS, Marsh HB, Dowdle WR. Seroepidemiologic sur-
 vey of coronavirus (strain OC 43) related infections in a
 children's population. Am J Epidemiol 1971;94:43-9

 3. Bradburne AF, Somerset BA. Coronavirus antibody titres in
 sera of healthy adults and experimentally infected volun-
 teers. J Hyg (Lond) 1972;70:235-44

 4. Stair EL, Rhodes MB, White RG, Mebus CA. Neonatal calf
 diarrhea: purification and electron microscopy of a
 coronavirus-like agent. Am J Vet Res 1972;33:1147-56

 5. Mebus CA, Stair EL, Rhodes MB, Twiehaus MJ. Neonatal
 calf diarrhea: propagation, attenuation, and characteris-
 tics of a coronavirus-like agent. Am J Vet Res 1973;
 34:145-50

 6. Gerna G, Cereda PM, Revello MG, Cattaneo E, Battaglia
 M, Torsellini Gerna M. Antigenic and biological relation-
 ships between human coronavirus OC43 and neonatal calf
 diarrhoea coronavirus. J Gen Virol 1981;54:91-102

 7. Gerna G, Battaglia M, Cereda PM, Passarani N. Reactivity
 of human coronavirus OC43 and neonatal calf diarrhoea

 coronavirus membrane-associated antigens. J Gen Virol
 1982;60:385-90

This content downloaded from 128.255.6.125 on Tue, 30 Aug 2016 15:57:09 UTC
All use subject to http://about.jstor.org/terms



 Enteric Coronavirus and Human Gastroenteritis 803

 8. MacNaughton MR, Davies HA. Human enteric corona-
 viruses: brief review. Arch Virol 1981;70:301-13

 9. Brandt CD, Kim HW, Rodriguez WJ, Thomas L, Yolken RH,
 Arrobio JO, Kapikian AZ, Parrott RH, Chanock RM.
 Comparison of direct electron microscopy, immune elec-
 tron microscopy, and rotavirus enzyme-linked immunosor-
 bent assay for detection of gastroenteritis viruses in chil-
 dren. J Clin Microbiol 1981;13:976-81

 10. Sharpee RL, Mebus CA, Bass EP. Characterization of a calf
 diarrheal coronavirus. Am J Vet Res 1976;37:1031-41

 11. Gerna G, Cattaneo E, Cereda PM, Revelo MG, Achilli G.
 Human coronavirus OC43 serum inhibitor and neutraliz-

 ing antibody by a new plaque-reduction assay. Proc Soc
 Exp Biol Med 1980;163:360-6

 12. Pensaert MB, Debouck P, Reynolds DJ. An immunoelectron
 microscopic and immunofluorescent study on the antigenic
 relationship between the coronavirus-like agent, CV 777,
 and several coronaviruses. Arch Virol 1981;68:45-52

 13. Vaucher YE, Ray CG, Minnich LL, Payne CM, Beck D, Lowe
 P. Pleomorphic, enveloped, virus-like particles associated
 with gastrointestinal illness in neonates. J Infect Dis
 1982;145:27-36

 14. Gerna G, Passarani N, Battaglia M, Percivalle E. Rapid
 serotyping of human rotavirus strains by solid-phase im-
 mune electron microscopy. J Clin Microbiol 1984;19:273-8

 15. Caul EO, Egglestone SI. Coronavirus-like particles present
 in simian faeces. Vet Rec 1979;104:168-9

 16. Smith GC, Lester TL, Heberling RL, Kalter SS. Coronavirus-
 like particles in nonhuman primate feces. Arch Virol
 1982;72:105-11

 17. Schmidt OW, Kenny GE. Immunogenicity and antigenicity
 of human coronaviruses 229E and OC43. Infect Immun

 1981;32:1000-6
 18. Schmidt OW, Kenny GE. Polypeptides and functions of an-

 tigens from human coronaviruses 229E and OC43. Infect
 Immun 1982;35:515-22

 19. Moscovici O, Chany C, Lebon P, Rousset S, Laporte J. As-
 sociation d'infection a coronavirus avec l'enterocolite

 h6morragique du nouveau-n. C R Seances Acad Sci [D]
 1980;290:869-72

 20. Monto AS, Lim SK. The Tecumseh study of respiratory ill-
 ness. VI. Frequency of and relationship between outbreaks
 of coronavirus infection. J Infect Dis 1974;129:271-6

 21. McIntosh K. Coronavirus: a comparative review. Curr Top
 Microbiol Immunol 1974;63:85-129

 22. Laporte J, Bobulesco P. Growth of human and canine en-
 teritic coronaviruses in a highly susceptible cell line: HRT
 18. Perspectives in Virology 1981;11:189-93

 23. Flewett TH, Beards GM, Sanders RC, Hall CJ. New diar-
 rhoea viruses of man [abstract P22-6]. In: Abstracts of
 the 6th International Congress of Virology. Sendai, Ja-
 pan: International Congress of Virology, 1984

 24. Woode GN, Reed DE, Runnels PL, Herrig MA, Hill HT.
 Studies with an unclassified virus isolated from diarrheic

 calves. Vet Microbiol 1982;7:221-40
 25. Weiss M, Steck F, Horzinek MC. Purification and partial

 characterization of a new enveloped RNA virus (Berne vi-
 rus). J Gen Virol 1983;64:1849-58

 26. Horzinek MC, Weiss M, Ederveen J. Berne virus is not
 "coronavirus-like." J Gen Virol 1984;65:645-9

This content downloaded from 128.255.6.125 on Tue, 30 Aug 2016 15:57:09 UTC
All use subject to http://about.jstor.org/terms


	Contents
	796
	797
	798
	799
	800
	801
	802
	803

	Issue Table of Contents
	The Journal of Infectious Diseases, Vol. 151, No. 5 (May, 1985), pp. 761-978
	Front Matter
	Perspectives
	Anti-Idiotypic Antibodies: Implications of Internal Image-Based Vaccines for Infectious Diseases [pp. 761-765]
	Shiga Toxin: An Expanding Role in the Pathogenesis of Infectious Diseases [pp. 766-771]
	Cytomegaloviral Infection and Disease [pp. 772-774]

	Original Articles
	The Association between Idiopathic Hemolytic Uremic Syndrome and Infection by Verotoxin-Producing Escherichia coli [pp. 775-782]
	Trimethoprim Resistance in Multiple Genera of Enterobacteriaceae at a U.S. Hospital: Spread of the Type II Dihydrofolate Reductase Gene by a Single Plasmid [pp. 783-789]
	An Outbreak of Antibiotic-Resistant Salmonella enteritidis in Liberia, West Africa [pp. 790-795]
	Human Enteric Coronaviruses: Antigenic Relatedness to Human Coronavirus OC43 and Possible Etiologic Role in Viral Gastroenteritis [pp. 796-803]
	N-Acetyl-D-Galactosamine-Inhibitable Adherence Lectin of Entamoeba histolytica. I. Partial Purification and Relation to Amoebic Virulence in vitro [pp. 804-815]
	N-Acetyl-D-Galactosamine-Inhibitable Adherence Lectin of Entamoeba histolytica. II. Mitogenic Activity for Human Lymphocytes [pp. 816-822]
	The Prevalence of Antibodies to Rickettsia rickettsii in an Area Endemic for Rocky Mountain Spotted Fever [pp. 823-831]
	An Epidemic of Mild Pneumonia Due to an Unusual Strain of Chlamydia psittaci [pp. 832-839]
	An Outbreak of Chancroid in Orange County, California: Descriptive Epidemiology and Disease-Control Measures [pp. 840-844]
	Specific Immunoglobulin-Class Antibody Responses in the Elderly before and after 14-Valent Pneumococcal Vaccine [pp. 845-849]
	Tetanus Antitoxin Titers in Women of Childbearing Age from Nine Diverse Populations [pp. 850-853]
	The Use of C-Reactive Protein from Cerebrospinal Fluid for Differentiating Meningitis from Other Central Nervous System Diseases [pp. 854-858]
	The Induction of Meningeal Inflammation by Components of the Pneumococcal Cell Wall [pp. 859-868]
	Serum Factor-Dependent Resistance of Haemophilus influenzae Type b to Antibody to Lipopolysaccharide [pp. 869-877]
	Development of Bactericidal Antibody during Branhamella catarrhalis Infection [pp. 878-882]
	Development of Serum Antibody to Toxic Shock Toxin among Individuals with Toxic Shock Syndrome in Wisconsin [pp. 883-889]
	In vitro Effect of Phagocyte Cationic Peptides on Coccidioides immitis [pp. 890-894]
	Antibody Response in Human Nocardiosis: Identification of Two Immunodominant Culture-Filtrate Antigens Derived from Nocardia asteroides [pp. 895-901]
	The Effect of Ketoconazole on Amphotericin B in a Model of Disseminated Aspergillosis [pp. 902-910]
	Genetic Control of Natural Resistance to Trypanosoma rhodesiense: Transfer of Resistance with Bone Marrow or Spleen Cells [pp. 911-916]
	Free versus Liposome-Entrapped Ampicillin in Treatment of Infection Due to Listeria monocytogenes in Normal and Athymic (Nude) Mice [pp. 917-924]
	䡥灡瑩瑩猠䈠噩牵猭䅳獯捩慴敤⁃潩湦散瑩潮⁡湤⁓異敲楮晥捴楯渠睩瑨 될䅧敮琺⁉湤楳瑩湧畩獨慢汥⁄楳敡獥⁷楴栠䑩晦敲敮琠併瑣潭攠孰瀮‹㈵ⴹ㈸�
	IgG Subclass Antibodies to Herpes Simplex Virus [pp. 929-936]
	Viral-Bacterial Pneumonia in Calves: Effect of Bovine Herpesvirus-1 on Immunologic Functions [pp. 937-947]
	Acquisition of Cytomegaloviral Infections in Families with Young Children: A Serological Study [pp. 948-952]

	Concise Laboratory and Clinical Communications
	Cytomegaloviral Infections in Infant-Toddler Centers: Centers for the Developmentally Delayed versus Regular Day Care [pp. 953-955]
	Results of the First Year of National Surveillance of Campylobacter Infections in the United States [pp. 956-959]
	A Novel Strain of Escherichia coli Causing Diarrhea, Bacteremia, and Fever in a Human [pp. 960-963]
	Cryptosporidiosis in Northeastern Brazil: Association with Sporadic Diarrhea [pp. 963-965]
	Circulating Interferon and Clinical Symptoms in Colorado Tick Fever [pp. 966-968]

	Correspondence
	Potential Risks of Trimethoprim-Sulfamethoxazole Prophylaxis in Neutropenic Patients [p. 969-969]
	Use of Topical Acyclovir in Immunocompromised Patients: Is Healing of Lesions Accelerated? [with Reply] [pp. 970-971]
	Local Infection of the Intravenous-Cannulae Wound Associated with Transparent Dressings [pp. 971-972]
	Aeromonas hydrophila: An Accepted Enterotoxigenic "Neoenteropathogen"? [pp. 972-973]
	Bacterial Endocarditis in Rats with Experimental Enterococcal Pyelonephritis [pp. 973-974]
	Necrotizing Enteritis Associated with Toxigenic Type A Clostridium perfringens [pp. 974-975]
	Campylobacter jejuni Isolated from a Rectal Biopsy Specimen [p. 976-976]
	Subtypes of Legionella pneumophila Defined by Monoclonal Antibodies [p. 976-976]

	Editors' Choice
	Cofactors in Disease: Epstein-Barr Virus, Oncogenes, and Burkitt's Lymphoma [pp. 977-978]




