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HEp-2 cell-adherent Escherichia coli and the human immunodeficiency virus (HIV) itself have recently been
incriminated as causes of chronic HIV-associated diarrhea. This study sought to determine the prevalence of
these two agents among HIV-infected patients with diarrhea in an outpatient setting in the United States and
to compare their prevalence to that of other commonly recognized enteropathogens known to be present in this
population. HEp-2 cell-adherent E. coli was found in 20 of 83 (24.1%) patients with diarrhea. A diffuse pattern
of adherence was the most common, found in 14 of 20 (70%) patients, followed by a localized adherence pattern
(6 of 20; 30%). An intestinal secretory immune response against the p24 antigen of HIV was found in 9 of 34
(27.5%) patients with HIV-associated diarrhea. The following pathogens or products were also detected in
lower frequencies: Cryptosporidium spp. (10.8%), Clostridium difficile toxin (8.8%), microsporidia (6%), Isospora
belli (3.6%), Blastocystis hominis (2.4%), Giardia spp. (1.2%), Salmonella spp. (1.2%), and Mycobacterium spp.
(1.2%). The role of HEp-2 cell-adherent E. coli and HIV enteric infections in patients with HIV-associated
diarrhea deserves further study.

Diarrhea is a common complaint among patients infected
with the human immunodeficiency virus (HIV), particularly in
those with AIDS. Between 30 and 60% of HIV-infected pa-
tients have diarrhea severe enough to require medical atten-
tion at some time during the course of infection (1). In devel-
oping countries, diarrhea is even more common, occurring in
60 to 90% of HIV-infected persons (3). Much of this diarrhea
among HIV-infected patients is chronic, lasting weeks or
months. In many cases, it is associated with profound weight
loss.

The etiology of AIDS-associated diarrhea is complex, involv-
ing both microbial and host factors. All of the traditionally
recognized enteropathogens have been identified in HIV-in-
fected patients (1). In addition to these agents, there is a large
and growing group of established enteropathogens and poten-
tial enteropathogens (e.g., Cyclospora spp. and microsporidia)
that appear to be uniquely associated with immunocompro-
mised hosts. Even including this expanded group of potential
agents in patients with HIV-associated diarrhea, a potential
etiologic agent is not found in the majority of cases of HIV-
associated diarrhea (1).

Recently two agents, HEp-2 cell-adherent Escherichia coli
(12) and HIV (11), have been associated with enteropathy in
AIDS-associated diarrhea. HEp-2 cell-adherent E. coli has
been identified in patients with HIV-associated acute and
chronic diarrhea in the United States (6) and south-central
Africa (12). We have shown that this adherent E. coli occurs
commonly in HIV-infected patients with chronic diarrhea
(79%) and significantly more often among these patients than

among HIV-negative adults with diarrhea (P , 0.002) in Zam-
bia (12).

Immunologic evidence to suggest that the human immune
deficiency virus may infect the gut, producing diarrhea, has
been provided (11). We have previously demonstrated that an
intestinal secretory immunoglobulin A (sIgA) response against
HIV p24 antigen occurs significantly more often among HIV-
positive Zambian adult patients with chronic diarrhea than
among HIV-infected patients without diarrhea (P , 0.001)
(11). HIV has also been detected in 30 to 70% of intestinal
biopsy samples from HIV-infected patients (5).

In the present study, we sought to determine the frequency
of HEp-2 cell-adherent E. coli and intestinal sIgA response to
the p24 antigen of HIV among an outpatient population of
HIV-infected patients presenting to a county clinic in Houston,
Tex. We also wanted to compare the frequency of occurrence
of these agents to rates of infection by better-recognized en-
teropathogens in this setting.

MATERIALS AND METHODS

Study population. Informed consent was obtained from all patients. This study
was approved by the Committee for the Protection of Human Subjects of the
University of Texas and the Institutional Review Board of the Harris County
Hospital District. Stool specimens were collected from all consenting HIV-
positive patients attending the Harris County (Houston) Hospital District out-
patient clinic who complained of diarrhea between 30 July 1992 and 21 January
1993. Acute diarrhea was defined as passage of any number of unformed stools
daily for ,7 days, and persistent diarrhea was defined as passage of any number
of unformed stools daily for .14 days. The patients were also asked to complete
a short questionnaire concerning symptoms and history of their diarrheal disease.
The most recently obtained CD4 count within 3 months and a history of receipt
of antimicrobial therapy within the 2 weeks prior to stool collection were ob-
tained from patient records, when available. Eighty-three patients furnished
stool specimens. Stool specimens were placed in transport media (Meridian
Diagnostics Inc., Cincinnati, Ohio) and brought to the laboratory for processing
within 24 h. Stool specimens from 34 of these patients were stored at 270°C and
were available for later sIgA studies. E. coli organisms cultured from stools were
studied for HEp-2 cell adherence and for enterotoxin production by methods
described below.
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HEp-2 cell adherence assay. Three E. coli strains per patient were tested for
HEp-2 cell adherence by a previously described tissue culture assay (15). Briefly,
bacterial strains were grown overnight at 35°C in Trypticase soy broth with 1%
D-mannose. HEp-2 cells were grown in minimal essential medium with antibi-
otics on glass coverslips in 24-well sterile tissue culture plates in 5% CO2 at 35°C
until near confluence. The tissue culture cells were then washed, and minimal
essential medium containing 1% D-mannose was added. Twenty-five microliters
of bacterial suspension was added to each well and incubated at 35°C for 3 h. The
coverslips were washed three times in phosphate-buffered saline (PBS), fixed in
methanol, and stained with Giemsa. The coverslips were then mounted on slides
and examined at 31,000 with a light microscope.

sIgA against HIV p24 antigen. sIgA against HIV p24 antigen was sought from
stool specimens by using an enzyme-linked immunosorbent assay, as previously
described (11). Briefly, stool specimens were thawed at 25°C. sIgA was then
extracted with Genetron (1,1,2-trichloro-1,2,2-trifluoroethane; Fisher Scientific,
Houston, Tex.). This procedure consisted of making a 10% stool suspension (1
g in 9 ml of PBS with 25 ml of aprotinin). Ten milliliters of Genetron was added
and the mixture was vortexed well. It was then centrifuged at 1,500 3 g for 15
min. The aqueous phase was saved for sIgA determinations and was stored at
270°C.

sIgA specific for the HIV test antigens was detected by a direct enzyme-linked
immunosorbent assay. The HIV antigen used was the core p24 antigen (DuPont
Inc., Boston, Mass.). Previous studies have shown this antigen to be the dominant
HIV antigen against which intestinal sIgA is elicited (11). Microtiter plates were
coated with 50 ml of a 100-pg/ml solution in a 0.01 M PBS solution. Plates were
incubated overnight at 25°C. Wells were then blocked with 200 ml of 5%
BLOTTO in PBS for 1 h at 37°C. Wells were then washed six times with
PBS–0.05% Tween 20. Fifty microliters of a 1:10 dilution of the fecal extracts in
PBS was added to each well and incubated at 37°C for 2 h. Plates were washed
six times, and then 50 ml of a 1:10,000 dilution in 5% BLOTTO of anti-human
sIgA conjugated to peroxidase (Cappel Inc., Westchester, Pa.) was added to each
well. This was incubated at 37°C for 2 h. After six washes 50 ml of 3 mg of
4-chloro-1-naphthol per ml in methanol with 0.003% H2O2 to visualize immune
complexes was added to each well. The plate was incubated at 25°C for 15 min
in the dark and 25 ml of 1 N HCl per well was then added to stop the reaction.
Plates were read at 410 nm on a microtiter plate reader (Dynatech Laboratories,
Chantilly, Va.). A positive sIgA response was defined as an absorbance value
greater than twice that of the negative control. The negative control consisted of
a pool of fecal extracts from 30 known HIV-negative individuals who had no
diarrhea.

Detection of recognized enteropathogens. A portion of each stool specimen
was concentrated for parasite detection by using the Para-Pak stool concentra-
tion system (Meridian Diagnostics Inc.). This system concentrates by a formalin-
ethyl acetate method. Two smears were made from the concentrated specimen.
These smears were stained by the modified Kinyoun acid-fast stain for crypto-
sporidia and Isospora spp. (7). The trichrome stain was used to detect other
intestinal parasites, including Giardia, Entamoeba, and Blastocystis spp. (10). A
portion of preserved unconcentrated specimen was used to prepare a smear that
was stained with a modified trichrome stain for microsporidia (16). One hundred
fields on all smears were examined at 31,000 for parasites.

Traditional bacterial enteropathogens were sought by culture as described
previously (10). Briefly, specimens were streaked onto the following plates:
MacConkey, Tergitol 7, Hektoen enteric, Yersinia selective, thiosulfate citrate
bile sucrose agar, and Campylobacter blood agar (BBL, Cockeysville, Md.).
Specimens were also placed in 10 ml of Selenite broth (BBL) for enrichment of
Salmonella and Shigella spp. All plates and the Selenite broth were incubated at
37°C for 18 to 24 h. The Selenite was then streaked onto MacConkey and
Hektoen enteric plates, which were incubated overnight. The Yersinia selective
medium was incubated at 25°C for 48 h, and the Campylobacter blood agar was
incubated microaerophilically at 42°C for 48 h. Suspicious bacterial colonies were
identified biochemically and confirmed by using the API20E system (Biomerieux
Vitel, Inc., Hazelwood, Mo.). Campylobacter isolates were identified by Gram
staining and the oxidase reaction. Mycobacterium spp. were sought by acid-fast
staining of the stool specimens. Clostridium difficile toxin A was sought in stool
specimens by using a commercially available enzyme-linked immunosorbent as-
say (TekLab, Inc., Blacksburg, Va.). E. coli strains were tested for heat-labile and
heat-stable enterotoxins by hybridization with oligonucleotide probes (13). En-
teropathogenic E. coli adherence factor was also sought by using an oligonucle-
otide probe (14).

RESULTS

Among 83 HIV-infected patients with diarrhea, 15% passed
one to three unformed stools per day, 46% passed four to six
unformed stools per day, and 39% passed more than six un-
formed stools per day. The majority of the diarrhea patients
presenting to this outpatient clinic complained of persistent
diarrhea (72 of 83; 87%) rather than acute diarrhea (11 of 83;
13%). Seventy-eight percent (54 of 69) of these patients whose

clinic records were available had taken antimicrobial agents
within 2 weeks before the collection of the stool specimen.

E. coli strains were grown from fecal samples from 52 of 83
patients (62.7%). Among the 83 subjects (Table 1), HEp-2
cell-adherent strains were found in 20 patients with diarrhea
(24.1%). In 6 of the 83 patients (7.2%), an E. coli strain
showing localized HEp-2 cell adherence was identified. In 14
of the 83 patients (16.9%), a diffusely adherent E. coli strain
was identified. None of the adherent E. coli strains exhibited an
aggregative pattern of adherence to HEp-2 cells. Ninety per-
cent (18 of 20) of the patients with adherent E. coli strains had
no other recognized enteropathogen. None of the E. coli
strains identified in this study hybridized with the enteropatho-
genic E. coli adherence factor probe or the enterotoxigenic
E. coli toxin probes; finding these two diarrheagenic E. coli
strains in adults in the United States would be unusual.

Thirty-four patients provided stool specimens that could be
extracted for assay of intestinal sIgA. In 9 of these patients
(27.5%), an intestinal sIgA antibody response to the p24 anti-
gen of HIV was identified. Seven of nine patients (77.7%) with
an sIgA response to HIV had no other recognized entero-
pathogen in their stools.

In addition, Table 1 shows the prevalence of other tradition-
ally recognized enteropathogens that were identified among
this outpatient population. The most commonly identified eti-
ologic agents were parasitic enteropathogens: Cryptosporidium
spp. (10.8%), microsporidia (6%), and Isospora belli (3.6%).
C. difficile toxin A was detected in 3 of 34 (8.8%) of these
patients, and 2 of these patients were on antibacterial therapy
at the time of evaluation (ciprofloxacin and metronidazole). A
Salmonella strain was isolated from a single patient.

CD4 lymphocyte counts were available for 79 of the 83
patients. Table 2 gives the counts (number of CD4 lymphocytes
per cubic millimeter) by pathogen identified for these patients
with HIV-associated diarrhea. The CD4 T-lymphocyte counts
from patients with parasitic agents were the lowest. Patients
with enteric infections with HEp-2-adherent E. coli showed a
wide range of CD4 counts (4 to 552; mean, 158 CD4 cells/
mm3). Patients with an intestinal immune response to HIV p24
were found to have a mean count of 182 CD4 cells/mm3.
Patients with no recognized enteropathogens showed an aver-
age CD4 count of 147/mm3.

TABLE 1. Detection of enteropathogens from outpatients
with HIV-associated diarrhea in Houston, Tex.

Enteropathogen
No. positive/

no. tested
(%)

HEp-2 cell-adherent E. coli...................................................20/83 (24.1)
Localized pattern ................................................................ 6/83 (7.2)
Diffuse pattern ....................................................................14/83 (16.9)
Aggregative pattern ............................................................ 0/83 (0.0)

Intestinal sIgA to HIV........................................................... 9/34 (27.5)
Cryptosporidium parvum ......................................................... 9/83 (10.8)
C. difficile toxin........................................................................ 3/34 (8.8)
Microsporidia .......................................................................... 5/83 (6.0)
I. belli ........................................................................................ 3/83 (3.6)
Blastocystis hominis ................................................................. 2/83 (2.4)
Giardia lamblia........................................................................ 1/83 (1.2)
Salmonella sp. .......................................................................... 1/83 (1.2)
Mycobacterium sp. ................................................................... 1/83 (1.2)
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DISCUSSION

Diarrhea and wasting are common problems for patients
with HIV infection (1). More than 50% of patients in devel-
oped countries have diarrhea at some time during the course of
HIV infection (1). In developing areas, diarrhea occurs in
almost 100% of HIV-infected patients (3). We sought to de-
termine the etiology of diarrhea in a group of HIV-positive
patients with AIDS who were attending an outpatient clinic in
Houston. A majority of patients complaining of diarrhea
(87%) met the criterion for persistent diarrhea (.2 weeks
duration). This might be explained by a greater likelihood of
patients with prolonged or refractory illness to furnish stool
specimens.

HEp-2 cell-adherent E. coli had previously been identified as
the cause of diarrhea in travelers and infants acquiring diar-
rhea in developing countries (2, 8, 10). HEp-2 cell-adherent E.
coli may be an important cause of persistent diarrhea in infants
in developing regions. The pathogenicity of one HEp-2 cell-
adherent E. coli strain isolated from a traveler to Mexico has
been confirmed by volunteer challenge studies (9). More re-
cently, studies of HIV-infected patients with prolonged diar-
rhea have suggested that these organisms may be important
causes of the so called “slim” disease (6, 12).

In this study, the isolation rate of HEp-2 cell-adherent
E. coli strains among HIV-infected outpatients with diarrhea
was found to be common (24.1%). Most commonly, the ad-
herent E. coli strains showed a diffused pattern of attachment
to HEp-2 cells (14 of 20; 70%), followed by a localized pattern
of attachment in the remaining 6 patients (30%). None of
these adherent E. coli strains had an aggregative pattern of
adherence to HEp-2 cells. This is a higher prevalence of ad-
herent E. coli than was found by microscopy in the intestinal
biopsy specimens of patients with AIDS-associated diarrhea
and wasting (17%) in New York (6). HEp-2 cell adherence
patterns of the strains isolated in New York were largely ag-
gregative, with two strains exhibiting a diffuse adherence pat-
tern. Infection with adherent E. coli was also found to be
associated with weight loss and peripheral blood CD4 counts
of ,100/mm3. We have reported previously that adherent E.
coli strains were cultured significantly more often from stools
of HIV-positive African patients (79%) with chronic diarrhea
than among HIV-negative patients (17%) with chronic diar-
rhea in the same setting (P , 0.002) (12). These HEp-2 cell-
adherent strains were also isolated significantly more often
among HIV-infected patients with diarrhea than among

asymptomatic HIV-infected controls (P , 0.03). These E. coli
strains were almost equally distributed among the three rec-
ognized HEp-2 cell adherence patterns. Biopsy specimens
from HIV-positive Zambian patients with chronic diarrhea
revealed that 27% of patients had bacteria adhering to intes-
tinal mucosa (12). The high prevalence of adherent E. coli in
AIDS patients with diarrhea deserves further study. The find-
ing also presents interesting therapeutic possibilities for this
syndrome. A pressing question relates to the potential value of
antimicrobial agents. If antibacterial drugs alter the natural
history of infection by adherent E. coli and associated diarrhea,
this would produce indirect evidence of their role in the patho-
genesis of diarrhea in this setting.

In this study, we also found that approximately one-third of
the patients with HIV-associated diarrhea had detectable in-
testinal sIgA antibodies to the p24 antigen of HIV. It is now
documented that HIV infects the gastrointestinal tract of many
patients with AIDS and enteric symptoms (5), and there has
been speculation that in many of these patients, the associated
enteropathy may be due solely to the virus. We have used
intestinal sIgA response as an indicator of the enteropathoge-
nicity of bacterial enteropathogens (4). Furthermore, we have
demonstrated that there was significant association of intesti-
nal sIgA response to p24 core HIV antigen with both acute and
chronic diarrhea in Zambian HIV-infected patients (11). Thir-
ty-two of 48 Zambian patients (67%) with HIV-associated
diarrhea had an intestinal sIgA immune response to p24, com-
pared with 9 of 34 (27.5%) among the group of patients in the
United States in the present study. This difference could be
due to a number of factors, including different stages of HIV
infection or different rates of HIV-associated enteropathy in
the two populations.

Among the traditional etiologic agents of diarrhea, we found
that enteric parasites were the most commonly identified
pathogens in the outpatient HIV-infected patients with diar-
rhea in the present study. Another study of etiologic agents
of HIV-associated diarrhea revealed the common occurrence
of parasitic agents (1). C. difficile toxin (8.8%) was commonly
detected in diarrheal stools in the present study. C. difficile
infection in this population probably is due to the fact that
many of these patients had been given antimicrobial therapy
prior to the study. From the patient records available, 54 of 69
patients (78.3%) were on antibacterial therapy. Previous or
current use of antibacterial drugs may account for the low
isolation rate of traditional bacterial enteropathogens and fe-
cal E. coli.

Enteric infection by adherent E. coli and development of an
intestinal sIgA immune response to HIV were found in a
higher percentage of patients with HIV-associated diarrhea
than were the traditionally recognized enteric pathogens.
These two newly proposed agents might explain a portion of
the currently undefinable diarrhea in AIDS patients. Future
prospective and therapeutic studies will be necessary to further
define the roles of these agents in HIV-associated diarrhea.
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