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Characterization of the T Cell Response to Human Rhinovirus in Children:
Implications for Understanding the Immunopathology of the Common Cold

Sunethra S. Wimalasundera, David R. Katz, Department of Immunology, University College London Medical School,
London, United Kingdomand Benjamin M. Chain

Human rhinovirus (HRV) is a frequent respiratory pathogen, responsible for a large proportion
of cases of the ‘‘common cold’’ and linked to acute asthma, especially in children. T cell responses
to HRV and their contribution to HRV-associated pathology were investigated. T cells were obtained
from tonsils removed from children at routine tonsillectomy. Proliferative and cytokine responses
were measured after in vitro restimulation with purified HRV preparations of both major and minor
serotypes. Most tonsils tested showed T cell proliferation, and responses to multiple serotypes in
one tonsil were observed frequently. Responding T cells were CD4-positive and produced interleukin-
2 and interferon-g but no interleukin-4. Thus, children respond to HRV, a proportion of the
response is serotype–cross-reactive, and a Th1 reaction predominates. In addition to contributing
to protection, this response may enhance expression of virus receptor and be implicated in the
immunopathology of HRV infection.

Human rhinovirus (HRV) is the most common cause of Previous studies have characterized the murine T cell re-
sponse to HRV [6]. HRV stimulated T cell proliferation andupper respiratory tract disease in humans. Although HRV sel-

dom leads to serious illness, infection is associated with consid- interleukin (IL)-2 production. In contrast to antibody, the T
cell response was directed largely at internal capsid epitopeserable loss of working time in developed countries and with

other acute respiratory illness, especially exacerbations of aller- common to many serotypes. This suggested that HRV may
be able to stimulate cross-reactive Th1-type responses, withgic asthma, in both children and adults. Therefore, there is a

need for better understanding of the immunopathology of HRV implications in the natural history of the viral infection as well
as in the pathogenesis of the other forms of respiratory disease.infection and of the molecular processes that link this immuno-

pathology with other forms of pulmonary disease [1–3]. The conclusions of the murine studies were, however, limited;
HRV does not produce productive infection in rodents [7].Like other picornaviruses, HRV induces serotype-specific

neutralizing antibodies in both humans and experimental ani- In this study, the human T cell proliferative and cytokine
responses to a variety of serotypes have been analyzed by usemals, usually recognizing only 1 of ú100 known serotypes.

The specificity and slowness of response, detectable in nasal of human tonsil, a local nasopharyngeal mucosal lymphoid
tissue where HRV infection first manifests. The cytokine spec-secretions 2–3 weeks after infection when virus is cleared from

the upper respiratory tract [4, 5], has made it difficult to devise trum demonstrated may be important not only in the immuno-
pathology of HRV infection but also in the respiratory compli-a strategy to stimulate cross-reactive antibodies of protective

value in the general population. The implication of this delay cations with which it has been associated.
is that antibody probably plays little role in the early stages
of HRV infection. Local cytokine production (e.g., interferon

Materials and Methods[IFN]) is likely to play the more dominant role during this
period, although reactivation of a memory T cell response could

Preparation of HRV. Methods for viral growth and purificationalso be a component.
have been described previously [6]. Virus was purified from HeLa-
derived epithelial cell lysates, fractionated through a 15%–45%
continuous sucrose gradient, and then detected by ELISA with
HRV serotype–specific rabbit antisera. HRV-15 (major serotype)

Received 16 July 1996; revised 2 April 1997. and HRV-1A or HRV-2 (two closely related members of the minor
The project was approved by the University College London Hospitals Ethics

serotypes, chosen because of information available on structure)Committee.
[8] were used unless otherwise indicated.Financial support: British Heart Foundation; UK Medical Research Council

PhD studentship (to S.S.W.). Isolation of cells from human tonsils. Tonsils obtained imme-
Reprints or correspondence: Prof. Benjamin M. Chain, Dept. of Immunol- diately after tonsillectomy for routine clinical indications (and in

ogy, UCL Medical School, Windeyer Bldg., 46 Cleveland St., London, W1P
the absence of acute infection) from children between 3 and 146DB, UK.
years old were washed (70% ethanol), cut into 1-mm pieces, and

The Journal of Infectious Diseases 1997;176:755–9
digested (collagenase, 1 mg/mL, for 60 min at 377C; Sigma, Poole,q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0029$02.00 UK; in Hanks’ balanced salt solution [HBSS]). Digestion was
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stopped with RPMI–5% fetal calf serum (FCS), and the suspension 15) and minor (HRV-1A or HRV-2) forms of the virus. Of 34
was forced through sterile 125-mm-pore nylon mesh. Cells were tonsils tested, 27 (75%) responded (SI ú2) to at least 1 sero-
washed, resuspended in 101 HBSS–isotonic Percoll, and fraction- type, with no significant difference between major and minor
ated by flotation through a discontinous Percoll gradient (800 g, serotypes (average SI Å 4.2 { 2.9 and 3.9 { 2.2), although 7
30 min). Low-density cells (those found at the interface between of 8 responses with SIsú9 were to the major serotype. Correla-
30% and 40% and between 40% and 50% Percoll) and high-density

tion between responses to major and minor serotypes (figure
cells (50%–60% and 60%–70% interface) were collected, washed,

1B) shows that in general, nonresponders responded to neitherand cultured overnight (5 1 106/mL in RPMI with 10% FCS, 10
serotype (7/34), although ConA responses were normal. Over-mM HEPES, 2 mM L-glutamine, 50 mM 2-mercaptoethanol, 100
all, responses to major and minor serotypes correlated (r ÅU/mL penicillin, 100 mg/mL streptomycin, and 2.5 mg/mL ampho-
.569, Põ .001), although individual tonsils showing a strongertericin B [complete medium]). Media and supplements were from

Life Technologies (Paisley, UK). response to one virus than to another were observed.
Enriched resting T cells were from high-density 24-h nonadher- In a proportion of randomly selected tonsils (8/34), responses

ent cells (CD3, 78%; CD4, 31%; CD8, 25%) either by E-rosetting to a wider panel of serotypes were tested. Individual variations
or by depletion of B cells (CD19), macrophages (CD14), and HLA- in relative SI were seen, but the results shown in figure 1C are
DR cells, by use of second-layer Dynabeads and rabbit anti-mouse a representative example: 6 of 8 tonsils responded to all 4
immunoglobulin. To generate ú95% CD3 T cells, low-density major HRV serotypes and 3 minor serotypes. As previously,
cells were CD3-depleted, and the remaining cells (75% CD19 B

T cells in 2 tonsils failed to respond to any HRV serotype,
cells, and dendritic cells) were irradiated (3000 Rad, cobalt irradia-

although responses to ConA were normal.tion source) and used as antigen-presenting cells (APC). For CD4
Infectious virus may load both class I and class II antigen-and CD8 cell depletion, high-density T cells were depleted of

processing pathways, so in four further experiments, the pheno-HLA-DR, CD19, and either CD4 or CD8 cells and the required
type of the responding T cells was examined by depletion ofpopulation was isolated by negative selection by use of Dynabeads

(as above). Purity of the resultant populations was confirmed by either CD4 or CD8 cells. CD4 cell depletion inhibited prolifera-
flow cytometry (CD4-depleted cells: õ1% CD4 cells; CD8-de- tion (e.g., APC / CD4 cell–depleted T cells: õ4 1 103 cpm
pleted cells: õ2% CD8 cells). of [3H]thymidine with both HRV-1A and HRV-15), whereas

Antibodies. Antibodies used were CD19 (BU12; gift of D. in the same assay, depletion of CD8 cells had little effect
Hardie, Birmingham University, Birmingham, UK) and HLA-DR (e.g., APC / CD8 cell–depleted T cells: ú3 1 104 cpm of
(L243), CD4 (QS4120), CD8 (UCHT4), and CD3 (UCHT1) (gifts [3H]thymidine with HRV-1A and HRV-15; unfractionated T
of P. Beverley, University College London, London).

cells: 3.5 1 104 cpm of [3H]thymidine) (SD õ5%). Responder
Proliferation assays. T cells (41 105/well) were cultured with

phenotyping showed increased numbers of CD4 cells at theirradiated APC (105/well) and 4.0 mg/mL HRV (i.e., Ç1010 virus
end of the assay (data not shown), and depletion of HLA-DR–particles/well) or 2.5 mg/mL concanavalin A (ConA; Sigma) for
positive APC completely abolished the response to HRV (e.g.,7 days in flat-bottom microtiter plates (200 mL of complete medium
HLA-DR cell–depleted T cells / HRV-15: õ2 1 102 cpm ofat 377C; humidified 5% CO2 incubator), as based on preliminary

experiments testing a range of T cell, APC, and virus concentra- [3H]thymidine; HLA-DR cell–depleted T cells / APC /
tions and incubation times. Proliferation was measured by use of 1 HRV-15: õ1.8 1 104 cpm of [3H]thymidine). Furthermore,
mCi/well [3H]thymidine for the final 16 h. Mean{ SD of radiolabel UV-inactivated virus, unable to infect target cells, stimulated
incorporation was calculated from triplicate wells. For some exper- proliferation equivalent to that seen with live virus (data not
iments, results are shown as ratio of mean incorporation in the shown), implying that intracellular production of viral protein
presence and absence of virus (stimulation index [SI]). was not required.

Cytokine assays. Supernatants were collected and stored at
The cytokine profile of responding T cells stimulated with0207C. IL-4 and IFN-g were tested by ELISA (Genzyme, Cam-

HRV-15 or HRV-1A is summarized in figure 2A. HRV prolif-bridge, MA). IL-2 was tested by use of a CTLL bioassay; ELISA
eration always correlated with IL-2 and IFN-g release, but noconfirmed that under these conditions, the bioassay correlated with
IL-4 (i.e., õ10 pg/mL) was detected, in either proliferating orsupernatant IL-2, not with other cytokines.
nonproliferating cultures. Figure 2B documents this further:
IL-2 concentrations were maximal after 24 h, then declined
rapidly; IFN-g levels peaked at day 3 and remained highResults
throughout the culture period.

Initial experiments demonstrated an HRV-specific, dose-de-
pendent response in T cells isolated from tonsil (data not

Discussion
shown). The optimal dose in preliminary experiments, 4 mg/
mL, was used routinely. No response was detected when Although HRV is a common pathogen in humans, few stud-

ies have addressed cell-mediated responses to HRV. Therefore,‘‘mock’’ HRV from HeLa cultures lysed and purified in the
same way was used (data not shown). T cell responses to HRV (both major and minor serotypes)

were examined, by use of cells from tonsil, and show clearlyFigure 1A summarizes SIs when T cells plus APC from a
series of 34 unselected tonsils were cultured with major (HRV- that such responses can be demonstrated.
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Figure 1. Proliferative responses to HRV in tonsillar T cells.
A, Stimulation index (ratio of thymidine incorporation in pres-
ence or absence of antigen), plotted as no. of tonsils vs. range
of stimulation index (i.e., frequency histogram). Results using
HRV-1A and -2 were combined since these 2 serotypes are
structurally very similar [7], and responses showed no significant
difference between them. B, Stimulation index of response to
HRV-15 in 34 tonsils plotted vs. stimulation index to HRV-1A.
Similar results were obtained for HRV-2. Line shows regression
analysis (r Å .569; P õ .001). C, Representative example of
response of tonsillar T cells from 1 patient to panel of HRV
serotypes (stimulation indices). Similar results were obtained for
6 of 8 patients tested. HRV-1A, -2, and -29 are minor serotypes,
while HRV-3, -7, -14, and -15 belong to major serotype group.

One potential disadvantage of using tonsillar T cells is that same may apply in the tonsil. Nevertheless, the frequency of
the response observed here was surprising, suggesting that mostsurgery is performed after repeated upper respiratory tract in-

fections, raising the possibility that these tonsils are not repre- persons have responded to HRV exposure in vivo by priming
a T cell antigen-specific response.sentative. Serotype-specific proliferative responses to rhinovi-

rus have been found in peripheral blood mononuclear cells The results do not exclude HRV stimulation of primary T cell
responses in vitro, or HRV acting as a superantigen, and theseafter, but not before, priming in vivo by infection [9], and the
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Figure 2. Cytokine production (in-
terleukin-2 [IL-2] and interferon-g [IFN-
g]) by T cells stimulated with HRV-1A
and HRV-15. A, Cytokine production in
cultures with T cells, antigen-presenting
cells, and either medium alone, HRV-1A,
or HRV-15. Data are mean / SE for 7
tonsils; ranges are in parentheses above
bars. Comparison of cytokine release in
presence or absence of virus, by use of
paired Student’s t test: Põ .04 (HRV-1A,
IL-2), P õ .02 (HRV-15, IL-2), P õ .008
(HRV-1A, IFN-g), P õ .01 (HRV-15,
IFN-g). B, Time course of cytokine re-
lease. Data from 1 representative experi-
ment of 7 summarized in A are shown.

possibilities are being explored, but preliminary work in our labo- but the balance of the cytokine profile is clearly tilted toward
Th1. This is consistent with previous HRV work using periph-ratory suggests that they are unlikely. The study, however, does

clarify that in humans, as in mice, HRV is immunogenic with eral blood T cells (rather than tonsil) and looking at experimen-
tal infection rather than natural history [10].respect to T cells and that immunogenicity in vitro does not

depend on infectivity, since inactivated virus induced similar re- Production of Th1 cytokines in response to HRV has impli-
cations for understanding the relationship between HRV infec-sponses. Furthermore, a proportion of these T cells may be di-

rected at serotype–cross-reactive epitopes, since responses were tion and host immune responses. Antigen-specific anti-HRV
secretory IgA can be both neutralizing and protective againsteither to the panel of 7 serotypes or to no virus. Future studies

looking at clonal analysis will therefore be of interest. future challenge with cross-reactive virus [5]. Th1 cytokines
(such as IFN-g) may antagonize this by inhibiting the humoralAlthough the presence of a CD8 T cell response to HRV is

not excluded here, and such CD8 cells will undoubtedly play responses [11] and delaying induction of neutralizing antibody
[12]. On the other hand, IFN-g may also contribute to virusa role in the elimination of infected cells, the data reported

here relate primarily to CD4 cells. Responses to HRV were clearance by increasing cellular cytotoxic responses.
Release of Th1 cytokines may not only modulate host capac-predominantly Th1 CD4 type, abolished by CD4 but not CD8

depletion and by removal of HLA-DR–expressing APC. Fur- ity to mount effective responses to HRV but also participate
in the immunopathology of HRV infection and, in particular,thermore, unexpectedly for a mucosal infection, supernatants

from HRV-stimulated T cells contain IL-2 and IFN-g but no in linking HRV infection and acute asthma [2, 3]. In this con-
text, IFN-g and other Th1 cytokines can up-regulate expressiondetectable IL-4. Trace undetectable IL-4 might be produced,
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2. Johnston SL. Natural and experimental rhinovirus infections of the lowerof CD54 (the major HRV receptor) and stimulate release of
respiratory tract. Am J Respir Crit Care Med 1995;152:S46–52.inflammatory mediators and intercrines from both epithelial

3. Brandtzaeg P, Jahnsen FL, Farstad IN. Immune functions and immunopa-
cells [13] and macrophages, which can then act either alone

thology of the mucosa of the upper respiratory pathways. Acta Otolaryn-
or in synergy with common microorganisms. Thus, Th1 cyto- gol (Stockh) 1996;116:149–59.
kines can cause strong local inflammation with little protective 4. Barclay WS, al Nakib W, Higgins PG, Tyrrell DA. The time course of

the humoral immune response to rhinovirus infection. Epidemiol Infectvalue but with potential for considerable local damage to host
1989;103:659–69.tissues.

5. Gwaltney JM Jr. Rhinovirus infection of the normal human airway. AmThus, these studies contribute to the hypothesis that HRV-
J Respir Crit Care Med 1995;152:S36–9.

associated pathology may not be due directly to viral cyto-
6. Hastings GZ, Francis MJ, Rowlands DJ, Chain BM. Epitope analysis of

pathic effects but rather to inappropriate stimulation of local the T cell response to a complex antigen: proliferative responses to
inflammation. This is consistent with clinical observations human rhinovirus capsids. Eur J Immunol 1993;23:2300–5.

7. Yin FH, Lomax NB. Establishment of a mice model for human rhinovirusthat exogenous IFN-g enhances symptoms of HRV infec-
infection. J Gen Virol 1986;67:2335–40.tion, with no protective role [14]; with restriction of viral

8. Kim SS, Smith TJ, Chapman MS, et al. Crystal structure of human rhinovi-replication to few epithelial cells [15]; with association of
rus serotype 1A (HRV1A). J Mol Biol 1989;210:91–111.

HRV infection and lymphocytic or granulocytic infiltrates
9. Levandowski RA, Pachucki CT, Rubenis M. Specific mononuclear cell

in the bronchial submucosa [3]; and with infection of epithe- response to rhinovirus. J Infect Dis 1983;148:1125.
lial cells stimulating cytokine production [13]. Under normal 10. Hsia J, Goldstein AL, Simon GL, Sztein M, Hayden FG. Peripheral blood

mononuclear cell interleukin-2 and interferon production, cytotoxicity,conditions, this will be self-limiting, resulting in mild symp-
and antigen-stimulated blastogenesis during experimental rhinovirus in-toms of the common cold, but where the airways have been
fection. J Infect Dis 1990;162:591–7.sensitized (e.g., in chronic allergy), HRV-induced immuno-

11. Eckmann L, Morzycka Wroblewska E, Smith JR, Kagnoff MF. Cytokine-
pathologic responses may trigger serious ‘‘bystander’’ sec-

induced differentiation of IgA B cells: studies using an IgA expressing
ondary symptoms, as in acute asthma. Therefore, immuno- B-cell lymphoma. Immunology 1992;76:235–41.
logic intervention in HRV infection aiming to alleviate 12. Stott EJ, Draper C, Stons PB, Tyrrell DA. Absence of heterologous anti-
complications should perhaps be targeted toward switching body responses in human volunteers after rhinovirus vaccination. Arch

Gesamte Virusforsch 1969;28:89–92.the cytokine balance of the host response.
13. Subauste MC, Jacoby DB, Richards SM, Proud D. Infection of a human

respiratory epithelial cell line with rhinovirus. Induction of cytokine
release and modulation of susceptibility to infection by cytokine expo-Acknowledgments
sure. J Clin Invest 1995;96:549–57.
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Outbreak of Adenovirus 35 Pneumonia among Adult Residents and Staff of a
Chronic Care Psychiatric Facility

Marı́a Pı́a Sánchez,* Dean D. Erdman, Thomas J. Török, Division of Field Epidemiology, Epidemiology Program Office, and
Division of Viral and Rickettsial Diseases, National Center forC. Jason Freeman, and Béla T. Mátyás*

Infectious Diseases, Centers for Disease Control and Prevention,
Atlanta, Georgia; Rhode Island Department of Health, Division of

Disease Control, Providence, Rhode Island

Outbreaks of acute respiratory disease caused by adenovirus are rarely documented in civilian
populations, and adenovirus 35 is an uncommon serotype best recognized as a cause of serious
disease in immunocompromised patients. An outbreak of adenovirus 35 pneumonia among residents
and staff of a chronic care psychiatric facility was investigated. Fourteen (26%) of 53 residents and
4 (2%) of Ç200 staff had radiographically confirmed pneumonia. Thirteen (93%) of 14 residents
with pneumonia were hospitalized, 5 (36%) required mechanical ventilation, and 1 (7%) died.
One staff member was hospitalized. Adenovirus infection was diagnosed in 17 (94%) persons with
pneumonia by culture or serology and was confirmed as adenovirus 35 infection in 8 persons.
Residents with pneumonia had resided at the facility longer than other residents. Chronic illness
was not a risk factor for severe disease. Crowding and poor hygienic behaviors probably facilitated
transmission among residents.

conditions, length of institutional confinement, behavior, socialIn adults, pneumonia is an uncommon but potentially life-
contacts, and travel outside the facility, were recorded using athreatening complication of adenovirus infection, especially in
standard form. Active surveillance was initiated to identify newthe immunocompromised host [1, 2]. Adenovirus 35 (Ad35)
cases. Paired sera and nasopharyngeal swabs or sputum were col-was first identified in 1975 in renal transplant patients [3], and
lected from all residents. Additional specimens (e.g., lung biopsysubsequently it has been recognized as an important respiratory
samples or bronchial washings) were available for laboratory test-

tract pathogen in other immunocompromised patients, espe-
ing from intubated patients. All employees of the affected facility

cially patients with AIDS [2, 4]. Ad35 is much less commonly and staff who had provided care to ill residents at a medical facility
identified in the immunocompetent host, and outbreaks of Ad35 located in another building on the hospital campus were invited
disease have not been reported previously. On 18 July 1995, to participate in the study and asked to complete a questionnaire
3 adult residents from the psychiatric building of a chronic and submit serum samples and a nasopharyngeal swab.

Laboratory investigation. Respiratory specimens were inocu-care hospital were admitted to a medical intensive care unit
lated into A549 cells and monitored for cytopathic effect. Cyto-with Ad35 pneumonia. This report describes our investigation
pathic agents identified as adenovirus by direct fluorescent anti-of the outbreak.
body were submitted to the Centers for Disease Control and
Prevention (CDC) for typing. The adenovirus subgenus was deter-

Methods mined by polymerase chain reaction assay (PCR) [5], and the
serotype was identified by hemagglutination inhibition and micro-

Epidemiologic investigation. Medical records of facility resi-
neutralization assays using adenovirus type–specific horse antisera

dents were reviewed and the professional staff was interviewed to
[6]. Serum specimens were tested for adenovirus group–specific

identify patients with recent febrile or respiratory illnesses. Poten-
IgG antibodies by EIA [7]. A positive test result was defined as a

tial risk factors, including current medications, underlying medical §4-fold rise or decline in antibody titer between paired serum
samples. Additional microbiologic and serologic tests were per-
formed on all ill patients, including antibody testing for Legionella,
Mycoplasma, Histoplasma, and Chlamydia species, hantavirus,

Received 13 February 1997; revised 18 April 1997. and other infectious agents.
Presented in part: 35th Interscience Conference on Antimicrobial Agents

and Chemotherapy, San Francisco, 17–20 September 1995 (abstract LB-29).
This investigation was conducted in compliance with Centers for Disease

Control and Prevention policy on human subjects review. Results
Reprints or correspondence: Centers for Disease Control and Prevention,

Attn: Dean D. Erdman, Mailstop G-17, 1600 Clifton Rd. NE, Atlanta, GA Patient investigation. During the outbreak, 14 (26%) of 5330333.
residents of the chronic care psychiatric facility had radiograph-* Present affiliations: Management Sciences for Health, Boston (M.P.S.);

Division of Epidemiology and Immunizations, Massachusetts Department of ically confirmed pneumonia, 24 (45%) had an acute illness
Public Health, Jamaica Plain (B.T.M.). with cough, fever, coryza, otitis, sinusitis, or bronchitis, and
The Journal of Infectious Diseases 1997;176:760–3 15 (28%) remained asymptomatic. The mean age of residents
q 1997 by The University of Chicago. All rights reserved.
0022–1899/97/7603-0030$02.00 with pneumonia was 37 years (range, 23–52), compared with
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Table 1. Adenovirus test results for hospital residents and employ- other two floors (Fisher’s exact test, two-tailed; P õ .05). How-
ees by illness category. ever, the index case was not on the floor with the highest attack

rate. Most rooms housed 2–5 residents, but no clustering was
EIA Laboratory-confirmed,

apparent by room on the floor with the highest attack rate.Group, illness category Culture serology* any test
Residents with pneumonia had resided at the facility longer

Residents (median, 5.7 years) than other residents (median, 2.8 years)
Pneumonia 11/14 (79) 7/14 (50) 13/14 (93) (Wilcoxon rank sign test; P Å .052), and the difference was
Fever or other greatest on the floor with the largest number of cases.

respiratory
Clozapine, an antipsychotic agent associated with agranulo-signs/symptoms 1/24 (4) 1/24 (4) 2/24 (8)

cytosis, was used by 7 (50%) of the 14 residents with pneumo-Asymptomatic 0/15 (0) 2/15 (13) 2/15 (13)
Total 12/53 (23) 10/53 (19) 17/53 (32) nia and 13 (33%) of the other 39 residents. However, none

Employees of the patients taking clozapine had a history of significant
Pneumonia 2/4 (50) 3/4 (75) 4/4 (100) neutropenia before their illness, and no statistical association
Fever or other

was found between its use and adenovirus infection. Hospitalrespiratory
policy required that all residents using clozapine be screenedsigns/symptoms 1/5 (20) 2/10 (20) 3/14 (21)

Asymptomatic 0/1 (0) 0/10 (0) 0/15 (0) weekly for neutropenia. Clozapine was discontinued for all
Total 3/10 (30) 5/24 (21) 7/33 (21) residents admitted to the intensive care unit because of its

potential bone marrow toxicity. Several of the residents withNOTE. Data are no. positive/no. tested (%).
adenovirus pneumonia had decreased white blood cell counts* No. of persons with§4-fold rise in antibody titer with paired sera; includes

2 ill persons with high initial titers and §4-fold decline. related to their sepsis.
The prevalence of smoking (86%, 12/14) among pneumonia

patients was similar to that (82%, 32/39) for the other residents.
42 years for other residents. Four residents with pneumonia Exposure to secondhand smoke was unavoidable. Although 5
were women, and attack rates did not differ significantly by of the 14 residents with pneumonia had underlying chronic
sex. Laboratory test results confirmed adenovirus infection in illnesses (i.e., chronic obstructive pulmonary disease, asthma,
17 (32%) residents, including 13 with pneumonia, 2 with fever lobectomy for lung adenocarcinoma, diabetes mellitus, chronic
or respiratory symptoms, and 2 without symptoms (table 1). renal failure, hepatitis C, or a seizure disorder), having a

The index case was a resident who had onset of pneumonia chronic illness was not statistically associated with developing
on 20 June 1995 and may have been the source of the outbreak adenovirus pneumonia.
(figure 1). He was transferred from a short-term care psychiatric Residents of the facility were ambulatory and spent the ma-
hospital just 6 days before onset of symptoms. When his serum jority of their time in a large common room located centrally
was tested 5 weeks after symptom onset, the titer was positive on each floor, in the smoking room, or outside. Before the
at §3200; it fell to 200 on repeat testing 3 months later. The outbreak, residents from all three floors frequently would min-
last person with pneumonia had onset of illness on 9 August gle during planned activities inside or to smoke and socialize
1995. In all, 13 (93%) of the 14 residents with pneumonia outside when weather permitted. Personal hygiene and hand-
were hospitalized, 5 (36%) required mechanical ventilation and washing practices were poor. Behaviors that may have facili-
treatment for hypotension, and 1 patient with chronic renal tated transmission of adenovirus, such as drooling, spitting,
failure maintained on hemodialysis died while still intubated. and sharing cigarettes, soda cans, or eating utensils, were com-

The facility housed the 53 residents on three floors in one monly observed among residents. Illness was not restricted to
building, with 15–19 residents on each floor. Cases of pneumonia particular resident social groups.
were not evenly distributed by floor. The highest attack rate was Staff investigation. More than 200 employees were ex-

posed to ill residents; 33 participated in the study, including53% (10/19), compared with 11% (2/19) and 13% (2/15) on the

Figure 1. Cases of radiographi-
cally confirmed pneumonia by floor
and date of illness onset, chronic
care psychiatric facility, 1995.
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all known to be ill with pneumonia. The participants included to the small numbers in our cohort and the high prevalence of
smoking among residents. Because Ad35 has been linked most31 employees from the affected facility and 2 staff who cared

for ill residents at a medical facility located on the same hospital often with immunocompromised patients, we were suspicious
early on that clozapine, an antipsychotic agent associated withcampus as the psychiatric building. Four (2%) staff had con-

firmed adenovirus pneumonia, 1 was hospitalized, and none agranulocytosis and used by many of the residents, was a risk
factor [8, 9]. Residents taking the medication were monitoreddied. The mean age of staff with pneumonia was 47 years.

Adenovirus was recovered from 3 (30%) of 10 employees weekly, but none had significant neutropenia requiring discon-
tinuation prior to onset of illness.tested, 9 of whom reported recent respiratory symptoms, and

serotyping confirmed Ad35 for the 2 isolates for which it was While control measures are difficult to enforce in a popula-
tion of this kind because of a lack of patient understandingdone. Paired sera were collected from 24 employees, 5 (21%)

of whom had a §4-fold rise in their antibody titer. Many and compliance, environmental decontamination and patient
isolation or cohorting should be attempted. The current adeno-additional staff reported respiratory symptoms but declined to

have serologic testing or culturing done. virus vaccine is not available for civilian use, does not contain
Ad35, and would not have been useful in preventing or control-Laboratory investigation. Of the 18 original adenovirus

isolates from 13 persons, 13 were submitted to CDC for typing. ling this outbreak [10]. We suspect that adenovirus often is
overlooked as an etiologic agent of outbreaks of acute respira-One isolate could not be regrown in cell culture or detected

by PCR; the remaining 12 isolates were identified as adenovirus tory illness but should be considered. It is possible that out-
breaks such as the one we report are more common than wesubgenus B by PCR. Of these, 10 isolates from 8 persons (5

residents and 3 staff) were serotyped unambiguously as Ad35, suspect.
and 2 isolates from residents were cross-reactive by both hem-
agglutination inhibition and neutralization assays for both Ad35
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Discussion
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Referencesated with severe illness only in immunocompromised patients
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Rates of Hepatitis E Virus Infection and Disease among Adolescents and Adults
in Kathmandu, Nepal

Edward T. Clayson,* Mrigendra P. Shrestha, Department of Virology, Armed Forces Research Institute of Medical
Sciences, Bangkok, Thailand; Infectious Disease Hospital and BirendraDavid W. Vaughn, Rapin Snitbhan,

Army Hospital, Kathmandu, Nepal; Department of Virus Diseases,Khagendra B. Shrestha, Charles F. Longer,
Walter Reed Army Institute of Research, Washington, DC

and Bruce L. Innis

To determine hepatitis E virus (HEV) infection and disease rates in the Kathmandu Valley of
Nepal, serum was collected from 757 healthy Nepalese (ages 12–48 years) during March and
September 1992 and September 1993. At each visit, reports of interval illness were obtained. Sera
were examined for IgG to HEV, using a commercially available kit. Seroconversion was used as a
marker for HEV infection, and an episode of hepatitis E was defined as a history of jaundice with
seroconversion. Seroprevalence ranged from 16% to 31% and increased with age, whereas both
infection and disease rates decreased with age. Infection and disease rates were as high as 99/1000
and 45/1000 person-years, respectively. These results highlight the importance of sporadic hepatitis
E as a public health problem among adolescents and young adults in this region.

Hepatitis E virus (HEV) is believed to be the primary agent Studies to characterize the prevalence of IgG to HEV began
as a result of the recent development of serologic assays forresponsible for enterically transmitted non-A, non-B hepatitis.

The most commonly reported signs and symptoms of this dis- HEV. Generally, the prevalence of antibody against HEV is
low (0%–3%) in areas where no outbreaks have been reportedease include malaise, jaundice, dark urine, nausea, abdominal

pain, fever, hepatomegaly, and vomiting [1]. The mortality rate and sporadic cases are rare (e.g., in the United States, Europe,
Australia, Japan, New Zealand, South Africa, and Thailand)for hepatitis E is higher than for hepatitis A and ranges from

1%–3% among men and nonpregnant women to 12%–42% [5–8]. By contrast, the prevalence of antibody against HEV
is higher (10%–40%) in regions where outbreaks have beenamong pregnant women [2]. High rates of perinatal death are

also associated with this disease [3, 4]. Hepatitis E is an im- reported and sporadic transmission occurs regularly, such as
India, Nepal, and Tajikistan [6, 7, 9, 10]. Age-specific antibodyportant health concern in nearly all under-developed regions

of the world. No vaccines for hepatitis E have been developed, prevalence has been examined in India and Nepal [9, 10]. In
both studies, antibody prevalence was found to increase withand prophylaxis with immune serum globulin appears to have

little or no protective effect [2]. age until about age 30 years. No increase in antibody preva-
lence was apparent after age 30. No sex-dependent differences
in antibody prevalence were observed; on the other hand, in
older age groups, the numbers of women were too small toReceived 19 November 1996; revised 4 March 1997.
make meaningful comparisons [10].Presented in part: VI International Asia-Pacific Military Medical Conference,

Sydney, April 1996; IX Triennial International Symposium on Viral Hepatitis Little information is available for estimating rates of infec-
and Liver Disease, Rome, April 1996. tion and disease in any region; existing information was deter-This research was conducted in accordance with Departments of Defense and

mined during outbreaks. Estimates of infection and diseaseHealth and Human Services regulations for the protection of human research
subjects. rates are needed to assess the public health impact of hepatitis

The opinions or assertions contained herein are the private views of the E under conditions of sporadic transmission. We report esti-authors and are not to be construed as official or reflecting the views of the
mates for prevalence of antibody to HEV, infection rate, caseDepartments of the Army or Defense.

Financial support: US Army Medical Research and Materiel Command. rate, and case-to-infection ratio under conditions of sporadic
Reprints or correspondence: Headquarters, US Army Medical Research and HEV transmission among 757 individuals in the KathmanduMateriel Command, ATTN: MCMR-PLA (MAJ Clayson), 504 Scott St., Ft.

Valley of Nepal.Detrick, MD 21702-5012.
* Present affiliation: Headquarters, US Army Medical Research and Materiel

Command, Fort Detrick, Maryland. Materials and Methods
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Study area. The Kathmandu Valley has a population of ap-q 1997 by The University of Chicago. All rights reserved.
0022–1899/97/7603–0031$02.00 proximately 1.1 million people in an area ofÇ900 km2. The major-
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Table 1. Rates of hepatitis E virus (HEV) infection and disease among 757 soldiers and police in the
Kathmandu Valley (March 1992 to September 1993).

Rate/1000 person-
No. of cases years

Disease/
Age (years) n (%) No. susceptible Disease Infection Disease Infection 100 infections

12–19 64 (8) 54 4 8 45 99 45
20–29 477 (63) 363 12 40 24 73 33
30–39 190 (25) 136 2 6 8 29 28
40–48 26 (3) 18 0 0 0 0 0

Total 757 571 18 54 NA NA NA
Overall average NA NA NA NA 20 64 31

NOTE. Serum and medical histories were collected from 757 persons during March and September 1992 and
September 1993. Case of hepatitis E was defined as episode of jaundice (self-reported during interview) along with
acquisition of IgG to HEV during period examined. Infection was based on acquisition of HEV antibody during
period examined. IgG to HEV was detected using ELISA developed by Diagnostic Biotechnology (Singapore). All
3 serum specimens from each individual were tested together on same plate. When any specimen tested positive, all
3 specimens were retested. If results of first and second tests were discrepant, then specimens were tested again. To
be considered positive, specimen must have scored positive on either 2 of 2 or 2 of 3 tests. NA Å not applicable.

ity of residents live in the municipalities of Kathmandu (700,000), and third serum specimens from each person were tested together on
the same plate. When any of the 3 specimens from an individualLalitpur (250,000), and Bhaktapur (160,000). Sporadic acute hepa-

titis E virus infections occur year-round, with an increase in cases tested positive, all 3 specimens were retested for confirmation. If the
results of the first and second tests were discrepant, then the specimensduring the rainy season (usually between June and August). Hepati-

tis E accounts for the vast majority of acute hepatitis cases ob- were tested a third time. Therefore, to be considered positive, a speci-
men must have scored positive on either two of two tests or two ofserved in local hospitals [1].

Subjects. We previously reported the prevalence of IgG to three tests.
Data analysis. Serologic data and medical histories obtainedHEV among 4486 healthy men, women, and children in the Kath-

mandu Valley [10]. The present study, an extension of the earlier by structured interview at venipuncture were used to calculate
initial antibody prevalence, infection rate, case rate, and case-work, is limited to 591 army soldiers and 166 police employees.

Subjects were 12–48 years old (table 1). Age distributions among to-infection ratio. Initial antibody prevalence was defined as the
percentage of individuals with IgG to HEV at the time of the firstthe army and police were similar except that no army subjects were

õ18 years of age. Seven of the police employees were female; all venipuncture. The infection rate was calculated as the seroconver-
sion rate (i.e., the proportion of susceptible persons who gainedother subjects were male. All worked in urban areas and had access

to both treated and untreated water. Serum specimens and medical IgG to HEV during the interval between the first venepuncture
and the second or third), as applicable. The case rate was calculatedhistories were obtained from each subject during March and Sep-

tember 1992 and September 1993. Medical histories taken at each as the proportion of susceptible persons who reported a case of
jaundice and had seroconverted to HEV during the period exam-venipuncture included biographic information, history of jaundice

and other illnesses, and duration of residence in Kathmandu. ined. For ease of interpretation, the disease and infection rates were
expressed as rates per 1000 persons. These rates were adjusted toSpecimen handling. Blood was collected into 7-mL Vacutainer

serum separator tubes (Becton Dickinson Vacutainer Systems, Ruth- annual rates by assuming constant rates throughout a 12-month
period. The case:infection ratio was defined as the number of caseserford, NJ), and the blood was allowed to clot for 2 h at ambient

temperature. Serum was separated from clotted blood by low-speed per 100 infections.
centrifugation for 15 min. Sera were transferred into fresh tubes,
frozen on dry ice, shipped to the laboratory in Bangkok, stored at
0207C, and used for determination of antibody to HEV. Results

Serologic assays. Sera were examined for IgG to HEV, using a
commercially available ELISA (Diagnostic Biotechnology, Singa- Of the 757 subjects, 186 were positive for IgG to HEV on
pore). This test employs three recombinant HEV fusion proteins de- all 3 serum specimen tests. These individuals were assumed to
rived from expression of strongly antigenic portions of the putative have been infected with HEV prior to the onset of this study.
structural proteins of both HEV Burma B and Mexico, 1986 isolates

Initial antibody prevalence among the entire cohort was 24.6%,
[11]. Assays were performed and analyzed as recommended by the

and 571 persons were considered susceptible to infection withmanufacturer and as previously reported [1]. When done in this man-
HEV. However, antibody prevalence appeared to increase withner, the assay is reported to be highly specific (specificity score Å
age, rising from 16% (10/64) in the 12- to 19-year age group0.96) and moderately sensitive (sensitivity scoreÅ 0.82) for detecting
to 24% (114/477) in the 20- to 29-year age group to 28% (54/antibody responses elicited by acute infection [1]. The sensitivity of

the test to antibodies years after infection is unclear. The first, second, 190) in the 30- to 39-year age group to 31% (8/26) in the 40-
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to 48-year age group. Of the 186 persons with IgG to HEV, young adults, and our results are consistent with this descrip-
tion. The infection rates reported in this cohort confirm the90 reported having had jaundice before the first specimen col-

lection, while 96 reported no history of jaundice. high infection rates inferred from recent age-specific antibody
prevalence data compiled for this region [10]. Likewise, theDuring the 6 months between March and September 1992, 19

persons acquired IgG to HEV. These people also tested positive high disease rates among adolescents and young adults confirm
the public health significance of HEV in this region.for IgG to HEV in specimens collected 12 months later in Septem-

ber 1993, confirming the seroconversion. Seroconversion appeared Depending on the age group examined, the infection rate
appeared to be Ç2–4 times higher than the disease rate, sug-to be age-related: 17 (89%) of 19 persons were õ30 years of age;

none wereú34. Four persons who had seroconverted to HEV also gesting that subclinical or anicteric HEV infection occurs more
frequently than HEV infection with overt jaundice. This findingreported having jaundice during the interval. One other person

reported having jaundice; however, this person had not serocon- may have implications concerning the transmission of HEV.
Persons in HEV-endemic areas appear to become infected andverted and was not considered to have had hepatitis E.

During the 12 months between September 1992 and Septem- may shed HEV without recognizable illness, contributing to
transmission of HEV even when few cases of jaundice areber 1993, another 35 people acquired IgG to HEV. Again,

seroconversion appeared to be related to age. Of the 35 people noted. In HEV-endemic areas, inapparent or anicteric infection
may sustain HEV transmission between epidemics.who acquired IgG to HEV during the interval, 31 (89%) were

õ30 years of age, and none were ú37. Fourteen persons who Even though rates of infection and disease might seem high,
they may be considered minimal estimates for several reasons.seroconverted also reported having jaundice during the interval.

Seven others also reported having jaundice; however, these Infection rates were determined on the basis of our ability to
detect seroconversion using ELISA. We previously reported thatpeople did not seroconvert and were not considered to have

had hepatitis E. Overall, for the entire 18-month period, 54 this assay, although very specific (specificity score Å 0.96), fails
to detect infection inÇ20% of patients with HEV viremia detect-people acquired IgG to HEV; 18 of them reported having jaun-

dice during the interval (table 1). able with the polymerase chain reaction [1]. In addition, reinfec-
tion in persons with IgG to HEV at study entry would have goneInfection rates, case rates, and case:infection ratios were very

similar among the 6- and 12-month periods (data not shown); undetected by our methods. Therefore, actual infection rates are
likely higher than estimated. Similarly, our estimates of diseasetherefore, the data for these two periods were pooled and rates

were calculated for the entire 18-months (table 1). The overall rates were based on a structured interview conducted after a 6-
or 12-month interval. Therefore, the estimate accuracy is limitedinfection rate was 64/1000 person-years; however, the infection

rate decreased with age. The highest infection rate (99/1000 per- to the ability of volunteers to recall past episodes of jaundice.
Failure to recall illness would lead to low disease estimates.son-years) was in persons õ20 years old, and this rate decreased

with each successively older age group. The overall case rate was Care should be taken when applying our estimates of infection
and disease rates to the entire population of Kathmandu. The20/1000 person-years; however, the case rate also decreased with

age. The highest case rate (45/1000 person-years) was in persons cohort of soldiers and police consisted primarily of males; females
were under-represented, and young children were not included.õ20, and this rate decreased with each successively older age

group. Similarly, the highest case:infection ratio was 45 cases of In addition, persons ú40 years of age were also under-repre-
sented. To confirm and extend our results, similar studies shouldjaundice per 100 infections in persons õ20, and this ratio de-

creased with each successively older age group. be done in additional cohorts in the Kathmandu Valley.
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The Impact of Active Herpes Simplex Virus Infection on Human
Immunodeficiency Virus Load

Larry Mole, Stefan Ripich, Dan Margolis, ARC-AIDS Research Center, VA Palo Alto Health Care System,
Palo Alto, Californiaand Mark Holodniy

The effect of a concurrent herpes simplex virus (HSV) infection on human immunodeficiency
virus type 1 (HIV-1) load was evaluated. Sixteen subjects were identified with an active HSV
infection and had pre-outbreak, acute-phase, and post-outbreak plasma (n Å 16) and peripheral
blood mononuclear cell (PBMC) (n Å 8) samples for evaluation. All subjects were treated for an
acute HSV outbreak with acyclovir for 10 days, followed by chronic prophylaxis. HIV-1 plasma
RNA levels were determined by branched DNA, and intracellular HIV gag mRNA copy numbers
were determined by quantitative reverse transcriptase–polymerase chain reaction ELISA. Plasma
virus load increased a median of 3.4-fold during the acute outbreak (range, 0- to 10-fold; P Å .002),
while post-outbreak levels (30–45 days after the appearance of lesions) remained above pre-outbreak,
baseline levels in some subjects. Intracellular HIV gag mRNA increased during the outbreak as
well. Thus, an acute HSV episode can result in increased HIV transcription and plasma virus load.

Human immunodeficiency virus (HIV) infection results in HIV or enhance replication [1–4]. A direct correlation between
HSV infection and increased HIV burden in patients has notdestruction of the immune system, leading to profound immu-

nosuppression and the development of opportunistic infections. been described.
Recently, plasma HIV load measurement was found to beIt is unclear whether opportunistic infections contribute directly

to HIV clinical progression through T cell activation with sub- important in predicting disease progression or response to anti-
retroviral therapy [5, 6]. In addition, opportunistic infections,sequent HIV replication or through T cell destruction (or both).

Reactive herpes simplex virus (HSV) infections are found with bacterial pneumonia including tuberculosis, interleukin-2 im-
munotherapy, and immunizations have all been associated withincreased frequency in HIV-infected patients. In vitro and pos-

sibly in vivo studies suggest that HSV-1 can activate latent increased HIV load [7–12]. In the current study, we wished
to determine whether HIV load changed significantly in sub-
jects with active HSV infection.

Received 28 December 1996; revised 9 April 1997.
Presented in part: 2nd National Conference on Human Retroviruses and Methods

Related Infections, Washington DC, 29 January–2 February 1995 (abstract
239). Sample collection and subject selection. Subjects for this study

Informed consent was obtained from all participants as part of a longitudinal
were recruited between 1991 and 1994 for an ongoing project tostudy on cofactors in HIV disease. The human subjects’ consent form was
investigate potential cofactors associated with HIV load variability.reviewed and approved by the local Institutional Review Board prior to initia-

tion of the study. All subjects were veterans receiving primary HIV care at the De-
Reprints or correspondence: Dr. Larry Mole, ARC-AIDS Research Center, partment of Veterans Affairs Palo Alto Health Care System. Whole

VA Palo Alto Health Care System, 3801 Miranda Ave., #111-ID, Palo Alto,
blood was collected in acid citrate dextrose tubes and processedCA 94304.
within 2 h of phlebotomy. Peripheral blood mononuclear cells

The Journal of Infectious Diseases 1997;176:766–70
(PBMC) were separated from whole blood by density centrifuga-This article is in the public domain.

0022–1899/97/7603–0032 tion using ficoll-hypaque, washed twice with PBS, and stored as
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dry pellets at 0707C. Plasma from these samples was removed, the acute presentation, all subjects received oral acyclovir (200
clarified (10 min at 1000 g, room temperature), and stored at mg orally 5 times daily for 10 days), followed by 400 mg twice
0707C. a day for chronic prophylaxis. Lesions resolved clinically in

Subjects experiencing an acute HSV infection or recurrent out- all study subjects. Mean CD4 lymphocyte counts for the 11
break were identified retrospectively by an analysis of acyclovir subjects for whom counts were obtained prior to and following
prescriptions, HSV culture positivity, and chart reviews. Subjects

the HSV outbreak were 84 { 27 and 105 { 35 cells/mm3,
were included if they were clinically stable with respect to HIV

respectively (P ú .05). CD4 cell counts during the acute epi-disease (e.g., absence of opportunistic infection or significant con-
sode were available for only 2 subjects. A fall in both absolutestitutional symptoms) for 3 months before and 3 months after the
CD4 lymphocyte count and percentage was seen in these 2acute HSV event. Those subjects determined to be noncompliant
subjects at the time of acute HSV diagnosis. This was followedwith their antiretroviral therapy, acute acyclovir treatment, and

subsequent prophylaxis during the study period (as determined by a return to baseline within 3 months. Only 5 subjects had
by prescription audit) were excluded. No subject received any detectable ICD p24 antigen levels at baseline. No change in
vaccinations within 3 months before the acute HSV episode. All ICD p24 antigen levels over time was seen in these 5 evaluable
subjects with PBMC and plasma samples obtained 30–45 days subjects (data not shown). None of the remaining 11 subjects
before and during the acute HSV event (defined by vesicular or had detectable ICD p24 levels at any of the time points during
ulcerative disease) and 30–45 days following acyclovir therapy the study.
and continued prophylaxis were included for assessment of their

Fourteen of 16 subjects demonstrated an increase in plasma
HIV load.

HIV-1 RNA during the acute HSV episode (figure 1A, B).HIV-1 RNA quantification. Plasma HIV-1 RNA was measured
Median HIV plasma RNA copy numbers before, during, andby the branched DNA (bDNA) assay according to the manufactur-
after the HSV outbreak for the three collection time pointser’s instructions (Quantiplex 1.0; Chiron, Emeryville, CA). Cellu-
were 73, 250, and 94 copies (1 1000)/mL of plasma, respec-lar RNA was isolated in sequential steps by use of proteinase K

digestion, phenol-chloroform extraction, isopropanol precipitation, tively. Plasma HIV RNA levels at baseline and in the period
and finally DNase treatment. Cellular RNA was quantified by spec- following the acute HSV event were significantly lower than
trophotometry, and 500 ng/sample was used in a reverse tran- during the acute episode (PÅ .002 and PÅ .001, respectively).
scriptase–polymerase chain reaction (RT-PCR) reaction. HIV-1 The post-outbreak plasma HIV-1 RNA level was greater than
gag gene PCR product (SK38 and SK39) was quantitated with an that at baseline in 10 of 16 subjects (P Å .14). The effect of
HIV detection kit (Synthetic Genetics, San Diego) and a previously antiretroviral therapy on virus load was also analyzed. Baseline
described external RNA standard [13]. HIV-1 mRNA copy number

median virus load was not significantly different between sub-
was expressed as log10 copies per microgram of cellular RNA.

jects receiving antiretroviral therapy and subjects who wereImmune complex–dissociated (ICD) p24 antigen concentrations in
not (55,000 vs. 80,000/mL; P Å .16). However, the medianplasma were determined by a commercially available kit (Coulter,
increase during the acute episode was significantly greater inHialeah, FL). CD3/CD4 lymphocyte counts and percentages were
those subjects who were not receiving antiretroviral therapydetermined by a reference laboratory (Pathlabs, San Jose, CA).

Analyses for changes in bDNA, ICD p24 antigen levels, and CD4 (512,000 vs. 146,000/mL; P Å .03). Post-episode median virus
lymphocyte counts were made by use of the Wilcoxon matched load remained higher in those subjects not receiving antiretrovi-
pairs test. Significance was defined as P õ .05. ral therapy than in those who were (121,000 vs. 53,500/mL;

P Å .02).
PBMC samples for all three time points were available for

Results
only 8 subjects. PBMC mRNA was detectable and quantifiable
in 4 of 8 subjects before the HSV outbreak, in 8 of 8 duringThirty-six subjects were identified as having probable or

confirmed HSV infection. Sixteen male subjects were identified the acute episode, and in 7 of 8 following the acute episode
(figure 1C). Thus, 3 subjects changed from having undetectablewho had experienced an active infection with cutaneous or

mucocutaneous HSV infection and for whom plasma or PBMC to detectable levels in their PBMC during the outbreak. The 4
subjects with measurable cellular mRNA at all three collectionsamples were available for all three time points. Clinical char-

acteristics of the subjects are provided in table 1. None of the points had median mRNA levels of 299, 837, and 396 copies
of HIV-1 gag mRNA/mg of PBMC RNA in baseline, acute,subjects were receiving chronic acyclovir prophylaxis on entry

to the study. Eight subjects had received continuous antiretrovi- and post-outbreak periods, respectively.
ral therapy (2 zidovudine, 2 didanosine, 4 combination) for at
least 3 months before and throughout this study. Five subjects

Discussion
had positive HSV cultures from lesions. Eleven subjects were
presumed to have HSV infections on the basis of a clinical The data presented here demonstrate that HIV RNA levels

can increase during active HSV infection. The level of increasepresentation of vesicular or ulcerative lesions and a previous
episode with a positive HSV culture. One subject was HSV is greater than one would expect as a result of biologic or assay

variability [14]. We found that while this increase was transientculture–negative but Tszank smear–positive. Subtype of HSV
was not reported by the reference laboratory at the time. At in conjunction with the clinical resolution of the herpetic le-
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Table 1. Clinical and laboratory characteristics of patients with acute HSV infection.

Copies/mL of plasma
CD4 cell

Treatment, subject count/mm3 Diagnosis Baseline Acute Post Antiretroviral

Antiretroviral treatment
8 40 Cx 116,000 302,000 87,000 ddI

13 120 P 12,600 14,500 13,000 ddI
10 176 P 104,000 235,000 93,000 ZDV
4 60 P 12,000 30,000 20,000 ZDV
3 4 P 39,000 117,000 46,000 ZDV/ddI
5 323 Cx 69,000 170,000 61,000 ZDV/ddI
7 66 P 41,000 185,000 101,000 ZDV/ddI

15 336 P 122,000 122,000 46,000 ZDV/ddI
Mean 141 64,450 146,938 58,375
SD 119 42,118 91,181 30,984
Median 93 55,000 146,000 53,500

No antiretroviral treatment
1 6 P 683,000 7,832,000 1,973,000
2 35 Cx 77,000 382,000 172,000
6 312 Cx 174,000 71,000 88,000
9 5 P 129,000 352,000 213,000

11 9 P 41,000 795,000 108,000
12 28 T 47,000 655,000 94,000
14 9 Cx 84,000 642,000 112,000
16 14 P 36,000 266,000 130,000

Mean 52 158,875 1,374,375 361,250
SD 106 217,008 2,619,918 652,616
Median 12 80,500 512,000 121,000

Total
Mean 111,663 760,656 209,813
SD 159,060 1,899,837 473,002
Median 73,000 250,500 93,500

NOTE. Cx, culture; P, presumed; T, Tszank smear.

sions and acyclovir therapy, the levels for both plasma HIV-1 effective antiretroviral therapy still demonstrate these increases
remains to be studied.RNA and cellular mRNA did not return to baseline for all

subjects during the time period studied. Since all of our patients We have demonstrated that HIV load first increases and then
decreases in the weeks surrounding an acute HSV episode inreceived acyclovir therapy followed by chronic prophylaxis, it

was not possible to determine whether an acute HSV exacerba- the presence of acyclovir therapy and subsequent prophylaxis.
Since this increase appears to be short-term, the overall impacttion results in only a transient rise in HIV load or, if left

untreated, would have resulted in a sustained increase. Al- on the individual patient may not be great. Similar short-term
increases in HIV plasma RNA levels have been reported forthough few clinical data have been published, reports to date

suggest that the up-regulation of HIV-1 expression induced by HIV-seropositive patients with other coinfections [7–9], pa-
tients receiving immunomodulators such as interleukin-2 [10],HSV in vitro [1–3] and in vivo [4] may translate to increased

plasma HIV-1 RNA levels. and patients receiving immunizations with tetanus toxoid and
pneumococcal vaccine [11, 12]. Serial samples collected afterThe magnitude of virus load response may be related to the

size, extent, or length of time that HSV lesions are present or immunization with tetanus toxoid or pneumococcal vaccination
suggest that virus load elevations of 2- to 100-fold are transientto concomitant antiherpetic or antiretroviral therapy. Schaker

et al. [15] found a smaller median increase (51% over baseline) in nature and may be related to HIV status (CD4 cell count,
degree of immunosuppression) or antibody response. The per-in HIV-1 plasma RNA in the days surrounding an acute

HSV-2 event. Semple et al. [16] reported on 1 subject with centage of activated T cells was also increased. Bush et al. [7]
found that in 13 subjects with bacterial pneumonia, plasmafocal disease who had a 10-fold transient increase in virus

load during an HSV infection. No details regarding acyclovir virus load increased by a mean of 0.5 log10 (3-fold) compared
to pre-pneumonia levels. Donovan et al. [8] found that in atherapy were provided. We found greater HIV load increases

in those subjects who were not receiving antiretroviral therapy. small series of patients with active opportunistic infections,
virus load transiently increased by an average of 7-fold (0.85Whether subjects with undetectable virus load as a result of

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



769JID 1997;176 (September) Concise Communications

Figure 1. A, Median plasma HIV RNA
copy no. per milliliter from 16 study sub-
jects before (pre), during (acute), and after
(post) herpetic outbreak. Line connects me-
dian values, large box encompasses 75th
percentile, and bars indicate minimum and
maximum values. B, Plasma HIV-1 RNA
copy nos. for individual subjects during
acute HSV infection. Values inside graph
and bold line indicate means. C, Peripheral
blood mononuclear cell HIV-1 gag mRNA
log copy no. per mg of cellular RNA from
8 subjects before, during, and after herpetic
outbreak. Horizontal line indicates thresh-
old of assay detection.
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deficiency virus by herpes simplex virus. J Infect Dis 1992;166:494–9.§2-fold greater than baseline levels after resolution or therapy.

3. Mosca JD, Bednarik DP, Raj NBK, et al. Herpes simplex virus type 1 can
In their study, as in ours, no significant change in ICD p24 reactivate transcription of latent human immunodeficiency virus. Nature
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in HIV-infected adults with 200 to 500 CD4 cells per cubic millimeter.Although the number of subjects in our study was small, a
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trend toward higher plasma and intracellular HIV RNA levels 7. Bush CE, Donovan RM, Markowitz NP, Kvale P, Saravolatz LD. A study
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when considering the use of virus load testing to monitor pa- with intermittent courses of interleukin-2 in patients with human immu-

nodeficiency virus infection: a preliminary study. N Engl J Med 1995;tients, active HSV and other infections must be considered in
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Human Herpesvirus 8 Infection Occurs following Adolescence in the United
States

Andrew Blauvelt, Shizuko Sei, Pamela M. Cook, Dermatology Branch and HIV and AIDS Malignancy Branch, National
Cancer Institute, and Laboratory of Molecular Microbiology, NationalThomas F. Schulz, and Kuan-Teh Jeang

Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, Maryland; Department of Medical Microbiology and

Genito-urinary Medicine, University of Liverpool, Liverpool, United
Kingdom

Most recent evidence suggests that human herpesvirus 8 (HHV-8) infection is restricted to persons
with Kaposi’s sarcoma (KS) or to persons who may subsequently develop KS. To accurately deter-
mine the prevalence of infection in the United States, children and adults with AIDS were examined
for evidence of HHV-8 infection to see whether HHV-8 (like other herpesviruses) would be readily
detected in immunosuppressed persons. By use of nested polymerase chain reaction, DNA specific
for HHV-8, Epstein-Barr virus, and cytomegalovirus was detected in blood leukocytes from 0, 26
(51%), and 9 (18%), respectively, of 51 children. Similarly, HHV-8–specific antibodies were not
detected in analyses of sera from the children. By contrast, HHV-8 DNA was detected in 9 (27%)
of 33 adult AIDS patients without KS. These findings suggest that the pattern of transmission of
HHV-8 in the United States differs from that of other herpesviruses in that primary infection occurs
predominantly in adults.

Human herpesvirus 8 (HHV-8), also known as Kaposi’s sar- in an immunosuppressed population of children. Thus, we ex-
amined US children with AIDS for HHV-8 infection. For com-coma (KS)–associated herpesvirus, is a newly described g-

herpesvirus with sequence homology to Epstein-Barr virus parisons, we also tested the same children for presence of EBV-
and cytomegalovirus (CMV)-specific DNA in peripheral blood(EBV) [1]. Through both DNA and serologic assays, HHV-8

is associated with the diseases KS [1–6], body cavity–based mononuclear cells (PBMC). EBV and CMV are herpesviruses
known to be widely prevalent and transmitted early in life. Inlymphoma (BCBL) [7], and Castleman’s disease [8]. However,

the prevalence of HHV-8 infection in the general population addition, US adults with AIDS and without the diagnosis of
KS (i.e., similar to the children in the degree of immunosup-and, specifically, the mode and age of primary infection remain

controversial. DNA analyses of semen from human immunode- pression) were examined for evidence of HHV-8 DNA in
PBMC. By comparing the prevalence of HHV-8 infection inficiency virus (HIV)–negative heterosexual men from the

United States and Italy suggest that HHV-8 infection is widely immunosuppressed US children and adults, the aim of these
analyses was to determine an accurate prevalence of HHV-8prevalent (23% and 91%, respectively) in general populations

[9, 10]. Serologic assays in healthy adult blood donors, how- infection in the general US population.
ever, have yielded conflicting results, with HHV-8–specific
antibodies detected inõ5% [3–5] and up to 25% [6] of persons

Materials and Methods
tested. In immunocompetent children, seroprevalence has been
reported to be 0 [5] and õ4% [6]. Because herpesvirus infec- Patients. Fifty-one HIV-infected children with AIDS by Cen-

ters for Disease Control and Prevention criteria [13], who weretions are often reactivated with immunosuppression [11, 12],
enrolled in clinical trials in the HIV and AIDS Malignancy Branchwe hypothesized that HHV-8 might be more readily detected
(formerly part of the Pediatrics Branch), National Cancer Institute,
were studied. Thirty-three adults with AIDS [14] and without KS,
who were enrolled in clinical trials at the Laboratory of Immuno-
regulation, National Institute for Allergy and Infectious Diseases,Received 8 January 1997; revised 2 April 1997.

Informed consent was obtained from all adult patients and from all parents were also studied. Demographic and clinical information for all
or guardians of pediatric patients prior to obtaining blood samples. All patients of the patients was collected through chart review.
were enrolled in clinical studies that were approved by the Institutional Review Detection of virus-specific DNA by polymerase chain reaction
Board of either the National Cancer Institute or the National Institute for

(PCR). PBMC were isolated by density gradient centrifugationAllergy and Infectious Diseases.
of heparinized blood. Total DNA was isolated after overnight di-Financial support: This study was funded largely through US government

funds designated for intramural scientists at NIH. gestion at 557C in 4 mL of solution containing 10 mM TRIS-HCl
Reprints or correspondence: Dr. Andrew Blauvelt, Dermatology Branch, (pH 8.0), 100 mM NaCl, 1 mM EDTA, 1% SDS, and 400 mg/

NCI, Building 10/Room 12N238, 10 Center Dr. MSC 1908, Bethesda, MD
mL proteinase K, followed by phenol-chloroform extraction and20892-1908.
ethanol precipitation. The concentration of DNA was determined

The Journal of Infectious Diseases 1997;176:771–4
by optical density readings at a wavelength of 260 nm by use ofq 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0033$02.00 a spectrophotometer. For positive viral DNA controls, DNA was
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isolated from the HHV-8/EBV/ BCBL cell line BC-1 (gift of Table 1. Summary of demographic information and detection of
herpesvirus DNA in peripheral blood mononuclear cells from USEthel Cesarman, New York Hospital-Cornell Medical Center, New
children and adults with AIDS and no clinically evident Kaposi’sYork) [15], the HHV-8/EBV0 BCBL cell line BCBL-1 (NIH
sarcoma.AIDS Research and Reference Reagent Program, Rockville, MD),

or EBV-specific and CMV-specific DNA (purchased from Ad-
Children Adults

vanced Biotechnologies, Columbia, MD).
Oligonucleotide primers (Genosys Biotechnologies, The Wood- Sex (no. male/no. female) 34/17 29/4

lands, TX) used in PCR assays were as follows (5*–3*): HHV-8 Median age, years (range) 7 (0.5–18) 37 (26–55)
ORF26 (outer sense), AGCTAGCAGTGCTACCCCCA; HHV-8 HIV risk factor BP: 17, V: 34 IVDU: 2, He: 5, Ho: 26
ORF26 (outer antisense), ATCGTCAAGCACTCGCAGGG; Median CD4 cell count/mm3

(range) 185 (2–2140) 119 (4–200)HHV-8 ORF26 (inner sense), GAAAGGATTCCACCATTGTG;
HHV-8 DNA, no. positive/HHV-8 ORF26 (inner antisense), ATCCGTGTTGTCTAC-

no. tested (%) 0/51 9/33 (27)GTCCA; EBV EBNA-1 (outer sense), CCCAAGCACTGGACC-
EBV DNA, no. positive/CCGGG; EBV EBNA-1 (outer antisense), CAAAGGGGAGAC-

no. tested (%) 26/51 (51) NDGACTCAAT; EBV EBNA-1 (inner sense), TGGAGGCAGGCG-
CMV DNA, no. positive/

CAAAAAAG; EBV EBNA-1 (inner antisense), GACATTGTG-
no. tested (%) 9/51 (18) ND

GAATAGCAAGG; CMV IE1 (outer sense), TTTCCAAGTCTC-
CACCCCAT; CMV IE1 (outer antisense), GTACTTACGTCA- NOTE. BP Å contaminated blood products; V Å vertical transmission;

IVDU Å intravenous drug use; He Å unprotected heterosexual sex; Ho ÅCTCTTGGC; CMV IE1 (inner sense), GGGAGTTTGTTT-
unprotected homosexual sex. HIV Å human immunodeficiency virus; EBV ÅTGGCACCA; CMV IE1 (inner antisense), CGCGTTCCAATG-
Epstein-Barr virus; CMV Å cytomegalovirus. ND Å not done.CACCGTTC; b-globin (outer sense), TCTGCCGTTACTGCC-

* All 51 patients were also negative for serum antibodies directed against
CTGTG; b-globin (outer antisense), CCTTCACCTTAGGGT- HHV-8–specific latent and lytic antigens.
TGCCC; b-globin (inner sense), AACGTGGATGAAGTT-
GGTGG; b-globin (inner antisense), CAGGAGTGGACAGAT-
CCCCA.

the immunofluorescence assay, sera at a 1:200 dilution (previously
All of the following PCR reagents were purchased from Perkin-

determined to represent the best dilution for avoiding nonspecific
Elmer Cetus (Foster City, CA). Each PCR reaction was carried

staining and for detecting specific staining) were incubated with
out in thin-walled tubes in a volume of 100 mL with use of DNA-

BCP-1 cells, which are BCBL-derived cells latently infected with
free water as diluent. Each tube contained 11 PCR buffer, 1.5

HHV-8, subsequently incubated with fluorescein isothiocyanate–
mM MgCl2 , 200 mM each dNTP, 2.5 U of AmpliTaq Gold, 0.5

conjugated rabbit anti-human IgG (Dako, Carpinteria, CA) after
mM each sense and antisense outer primer, and 1 mg of target

a series of washes, and examined by an immunofluorescence mi-
DNA. Negative controls contained all reagents except DNA tem-

croscope. For the ELISA, sera were tested at 1:100 dilution, and
plate. These negative tubes flanked positive controls during the

the cutoff value to define reactive sera was selected as 5SD above
setup of each experiment. Samples were denatured for 2 min at

a mean value derived from previously tested nonreactive sera.
957C, followed by 35 cycles of 957C for 1 min, 557C for 1 min,

Sera from KS patients and from healthy blood donors (previously
and 727C for 2 min, and ending with a single incubation for 5 min at

determined to be HHV-8 antibody–positive and antibody–nega-
727C with use of a thermal cycler. For nested PCR, DNA template

tive, respectively, by both assays) were used as controls when
consisted of 5 mL of outer PCR product mixed with corresponding

testing the children’s sera for this study. If results from these
inner primer sets; otherwise, PCR reactions were carried out as

experiments were indeterminate, Western blots were performed
described above. PCR product (20 mL) was electrophoresed and

for further clarification, also as described in detail [5]. The sero-
visualized in ethidium bromide–stained 1.5% agarose gels.

logic assays as described here are capable of detecting HHV-8–
To guard against contamination, extraction of DNA, setup of

specific antibodies in 80%–85% of KS patients [5].
outer and inner PCR, and electrophoresis were performed in sepa-
rate locations with separate sets of equipment. Barrier-resistant
pipet tips were used throughout, and gloves were changed at each Results
step. To determine the sensitivity of our PCR, serial dilutions of

Demographic and clinical information for the children andBC-1 DNA were mixed with 1 mg of DNA obtained from the
transformed human embryonal kidney cell line 293 (American adults is outlined in table 1. The median age for the children
Type Culture Collection, Rockville, MD). BC-1 cells were pre- was 7 years (range, 0.5–18); 10 children were between the
viously shown to contain 40–80 copies of HHV-8/cell [15]. ages of 13 and 18 years, 12 between the ages of 8 and 12

Detection of HHV-8–specific antibodies directed against latent years, 16 between the ages of 3 and 7 years, and 13 under the
and lytic antigens. For the 51 children, clotted blood samples age of 3 years. For the adults, median age was 37 years (range,
were centrifuged, and sera were collected and stored at 0207C

26–55). The median CD4 cell count for the children and adults
until assayed for HHV-8–specific antibodies. Antibodies directed

was 185/mm3 (range, 2–2140) and 119/mm3 (range, 4–200),against latently expressed HHV-8 antigens were assessed by an
respectively. Interestingly, 19 children had biopsy-provenimmunofluorescence assay, whereas antibodies directed against a
lymphoma or lymphoproliferative disease, although none hadlytically expressed antigen (i.e., a truncated recombinant minor
BCBL, the type of lymphoma previously linked with HHV-8capsid protein encoded by ORF65) were tested by an ELISA on

two separate occasions, both as described in detail [5]. Briefly, for [7]. Of note, none of the children studied reported prior sexual
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ORF65 ELISA and indirect immunofluorescence assays and
that seropositivity correlates with HHV-8 DNA positivity in
PBMC by PCR [5].

Discussion

We found that US children with marked immunosuppression
showed no evidence of HHV-8 infection as determined by use
of all currently accepted techniques for detecting this virus.
These data are consistent with HHV-8 seroprevalence studies
previously reported for healthy children [5, 6] and are in con-
trast to transmission patterns reported for most other herpesvi-
ruses (e.g., infection with the prototypic g-herpesvirus EBV
and the prototypic b-herpesvirus CMV had already occurred
in at least 51% and 18%, respectively, of our childhood patient
population). Of note, we recognize that the prevalence of HHV-
8 infection in children from east and central Africa may show
a different pattern compared with that in US children, since KS
occurs not infrequently in young central Africans, and HHV-8
seroprevalence in healthy Ugandan adults has been reported to
be 50%–60% [4, 5].Figure 1. Representative experiment showing nested polymerase

chain reaction (PCR) detection of Epstein-Barr virus (EBV) and cyto- To our knowledge, this is the first comparative detection
megalovirus (CMV) DNA, but not HHV-8 DNA, in peripheral blood study of HHV-8 DNA in the blood of children and adults with
mononuclear cells from 5 children (lanes 1–5) with AIDS. HHV-8–, AIDS. Although we compared different age groups with similar
EBV-, and CMV-specific primers were used to detect viral sequences.

levels of immunosuppression, we acknowledge that theseb-globin primers were used to assess quality of DNA extraction and
groups also differed in their sexual activity. To prove thatPCR procedures. Although not explicitly shown here, PCR detection

sensitivity was sufficient to visualize 10 copies of HHV-8 DNA in 1 HHV-8 is a sexually transmitted virus, as suggested by our
mg of total cellular DNA. DNA from BC-1 (HHV-8/EBV/ body study and many others, it will be important to compare HHV-
cavity–based lymphoma–derived cell line) and CMV virions were 8 prevalence in sexually active adolescents and young adults
used as positive controls. M, molecular weight markers.

with that in their sexually inactive counterparts.
Our results are derived from a population of immunosup-

pressed children. Considering that most herpesvirus infections
activity (including the teenagers), and the majority of the adults are reactivated and more readily detectable during times of
tested were homosexual. immune compromise [11, 12], we believe that our pediatric

The results of the PCR studies are also summarized in table AIDS cohort gives an accurate measurement of the prevalence
1, with a representative experiment shown in figure 1. EBV- of HHV-8 in US children. We are aware that there may be
and CMV-specific DNA were detected in 26 (51%) and 9 unidentified demographic differences between children with
(18%), respectively, of the 51 children, whereas HHV-8 DNA AIDS and healthy children and that those factors might pre-
was not detected in any of the 51 samples analyzed in parallel. clude direct comparisons of these populations. However, HIV
EBV was found in 12 (63%) of 19 children with lymphoma infection and immunosuppression appear to be the only two
or lymphoproliferative disease, whereas CMV was found in differences when our children are compared with their healthy
only 2 (11%) of these patients. In concordance with the PCR counterparts. Thus, our findings suggest that primary HHV-8
data, HHV-8–specific antibodies directed against both latently infection occurs following adolescence in the United States.
and lytically expressed antigens were not found in sera of the
children. Acknowledgments
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Absence of Detectable Human Herpesvirus 8 in the Semen of Human
Immunodeficiency Virus–Infected Men without Kaposi’s Sarcoma

Catherine Diamond, Meei-Li Huang, Dean H. Kedes, Departments of Medicine, Urology, Epidemiology, and Pathobiology,
University of Washington, Seattle; Howard Hughes Medical InstituteCarl Speck, George W. Rankin, Jr., Don Ganem,

and Departments of Microbiology and Medicine, University ofRobert W. Coombs, Timothy M. Rose, John N. Krieger,
California, San Francisco

and Lawrence Corey

The prevalence of human herpesvirus 8 (HHV-8)/Kaposi’s sarcoma (KS)–associated herpesvirus
was investigated in the semen of 99 human immunodeficiency virus (HIV)–infected men (median
CD4 cell count, 357/mm3) by use of a polymerase chain reaction (PCR) assay capable of detecting
õ10 copies of HHV-8 DNA. Of the subjects, 95 (96%) self-identified as men who have sex with
men (MSM), and 3 had a history of clinical KS. Seminal cell specimens were negative for HHV-8
in 98 subjects. None of the 26 without KS (27.1% of 96 tested) who were seropositive for HHV-8
by IFA for latency-associated nuclear antigens had HHV-8 detected in their semen. The only subject
with any evidence for seminal HHV-8 DNA was seropositive for HHV-8 and had active KS. HHV-
8 was detected in 10 (10.4%) of 96 peripheral blood mononuclear cell specimens. The prevalence
of HHV-8 DNA by PCR in semen of HIV-infected MSM without KS is low.

study of HIV and cytomegalovirus (CMV) shedding in semen fromKaposi’s sarcoma (KS) was recognized as an AIDS-associ-
HIV-infected men [8]. These men were HIV-infected volunteersated malignancy among men who have sex with men (MSM)
recruited from University of Washington–affiliated clinics and theat the onset of the AIDS epidemic. In 1994, Moore and Chang
general Seattle–King County area. At study entry, semen and[1] detected DNA sequences of a herpesvirus now known as
blood samples were obtained. Subjects then provided 3 semen andhuman herpesvirus 8 (HHV-8) in KS lesions from men with
blood samples over a 2-month period.

and without human immunodeficiency virus (HIV) infection.
Median CD4 cell count of the blood samples was 357/mm3

Epidemiologic evidence suggests that HIV-associated KS is (range, 0–1034). Median age was 36 years (range, 23–55). Of the
related to a sexually transmitted pathogen. KS is much more 99 participants, 95 (96%) self-identified as MSM. One subject
frequent among HIV-infected MSM than among those infected stated that he had been diagnosed with KS in the past but had no
through other routes. Given the evidence that KS is a sexually ongoing lesions (resolved KS), while 2 subjects had active KS and

were undergoing chemotherapy during the study period. All 3 KStransmitted disease, one would anticipate that HHV-8 might
patients had skin involvement but no known end-organ disease.be detected in the semen of HIV-infected men. Studies of
Nineteen subjects (19%) were receiving acyclovir and 2 (2%) werewhether HHV-8 is found in semen have had conflicting results
receiving ganciclovir or foscarnet.[2–6], and laboratory contamination of polymerase chain reac-

Semen processing and virologic studies. Semen specimenstion (PCR) products in HHV-8 specimens has been reported
were obtained after 2 days of abstinence and processed within 2[7]. Our laboratory has a long-standing interest in sexually
h; Ç0.25 mL of each ejaculate was separated into seminal cell

transmitted herpesviruses and extensive experience detecting
pellets and supernatants by centrifugation at 2500 g for 2 min.

their presence in genital secretions. As such, we sought to Peripheral blood mononuclear cells (PBMC) were isolated by use
evaluate the prevalence of HHV-8 in the semen of HIV-infected of standard ficoll-hypaque density gradient centrifugation, and 2
MSM. 1 106 cells from each PBMC specimen were frozen at 0707C for

subsequent extraction and PCR analysis.
DNA was isolated from the seminal cell pellets, from 50–200Methods

mL of semen supernatant (depending on the amount available),
Subjects. The 99 semen specimens examined by PCR for

and from 2 1 106 PBMC by use of standard phenol-chloroform
HHV-8 were originally collected during a prospective longitudinal

extraction after denaturation with guanidinium. DNA was ethanol-
precipitated along with a glycogen carrier and then resuspended
in 200 mL of 10 mM TRIS (pH 8.0). Ten microliters was used for

Received 17 December 1996; revised 13 April 1997. each PCR reaction. KS-1 and -2 primers were used to amplify the
Presented in part: 34th annual meeting, Infectious Diseases Society of

KS330 Bam233 fragment of ORF 26 of HHV-8 [1].America, 18–20 September 1996, New Orleans (abstract 114).
HHV-8–specific PCR products were detected after 35 cyclesInformed consent was obtained from subjects under the guidelines for con-

duct of clinical research set by the University of Washington Institutional by liquid hybridization by use of the 32P-labeled oligonucleotide
Review Board. probe, KS-P, specific for the KS-1,2 amplimer [1]. As a positive

Reprints or correspondence: Dr. Lawrence Corey, 1124 Columbia St., M-
control, a plasmid containing the KS-1,2 target DNA sequence115, Seattle, WA 98104.
was obtained by cloning the PCR product into the TA vector

The Journal of Infectious Diseases 1997;176:775–7
(InVitrogen, San Diego). Plasmid DNA was quantitated by opticalq 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603-0034$02.00 density at 260 nm, and serial log10 dilutions of plasmid DNA from
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104 to 101 copies were amplified with each PCR run to generate Table 1. HHV-8 PCR and serology results in HIV-infected men
without clinical KS.a standard curve. The sensitivity of this PCR assay was determined

to be between 1 and 10 copies of HHV-8 DNA. No cross-reactivity
No. positive/was seen with any of the other human herpesviruses.

Specimen type (test) no. tested* (%)To detect false-negative PCR results, 50 copies of internal posi-
tive control DNA, KS-fly2, was added to each KS-1,2 reaction.

Semen
KS-fly2 is identical to the KS330 Bam233 PCR product except that Seminal cells (PCR) 0/96
the probe hybridization sequence is replaced by a 21-bp Drosophila Seminal plasma (PCR) 0/67
melanogaster DNA sequence [9]. Amplification was confirmed by Blood
liquid hybridization with the 32P-labeled oligonucleotide probes Peripheral blood mononuclear cells (PCR) 10/96 (10.4)

LANA (IFA) 26/96 (27.1)specific for the D. melanogaster DNA sequence. All samples were
amplified with the KS-fly2 probe, indicating no inhibition of the

NOTE. PCR, polymerase chain reaction; LANA, latency-associated nu-PCR reaction.
clear antigen.

A separate control experiment was done in which 100 mL of HHV- * 1 specimen/subject; not all subjects had seminal plasma available for PCR.
8–infected saliva [10], containing 2500 copies of HHV-8 as detected
by the KS-1 and KS-2 primers, was added to HIV-infected fresh
KS-negative donor semen. The semen supplemented with infected

LANA assay. There was no association between treatment withmaterial had a strong HHV-8 signal, while unsupplemented semen
did not. To ensure that a negative signal for HHV-8 was not due to acyclovir, ganciclovir, or foscarnet and KS PBMC or serologic
failure to extract DNA from the semen sample, 25 random specimens results (x2; P ú .05).
were analyzed by PCR for the human b-globin gene [11], and all Of the 3 patients with known KS, 1 with active clinical KS
were positive at ú1000 DNA copies/reaction. had 1 of 3 serial seminal cell specimens positive for HHV-8;

All assays included aliquots of frozen cultured HSB-2 cells (a the 3 serial seminal plasma specimens were negative, as were
T cell line without HHV-8) as a negative control. PCR reactions the 3 serial PBMC specimens. The 2 other patients with known
without added DNA were also included with each PCR run.

KS had no positive samples in semen or PBMC. Four seminal
All seminal cell specimens were assayed for CMV by the same

cell specimens, 2 seminal plasma samples, and 3 PBMC speci-technique used in the KS PCR assay. CMV 431 (CCGCGTTCC-
mens were negative in 1 patient tested; the other patient hadAATGCACCGTTCC) and 559 (AGGCGTGTACGGTGGGAG-
3 seminal cell and seminal plasma specimens and 2 PBMCGTCT) primers were used to amplify a 150-bp fragment of a
specimens that tested negative. All seminal cell, seminalconserved region of the immediate-early gene [12, 13]. CMV-

specific PCR products were detected after 30 cycles by liquid plasma, and PBMC specimens from the 3 participants with KS
hybridization with 32P-labeled oligonucleotide probe CMV 55 were negative by nested PCR for both the glycoprotein B and
(TCTATGGAGGTCAAAACAGCG) specific for the CMV 431, upstream minor capsid genes of HHV-8. The 1 subject in whom
559 amplimer [12, 13]. we detected HHV-8 DNA in semen by the KS330 Bam233 assay

Selected specimens were also evaluated by nested PCR assays was also seropositive for HHV-8.
in the laboratory of one of us (T.M.R.). The assays use primers
targeting either the region upstream of the KS330 fragment in the
minor capsid gene or a region in the HHV-8 glycoprotein B gene

Discussion(unpublished data). Nested PCR was done on all seminal cell,
seminal plasma, and PBMC specimens from the participants with Reports from the United States and England have been con-
known KS. flicting concerning the presence of HHV-8 in semen. Using

Serologic testing to detect antibodies to HHV-8, using an IFA
nested primers, Lin et al. [2] found a high prevalence in the

for latency-associated nuclear antigens (LANA), was performed
semen of HIV-infected homosexual men (30/33, 91%) as wellas previously described [14].
as a lower prevalence in healthy HIV-negative donors (7/30,
23%). Gupta et al. [3] reported that HHV-8 is present in the
semen of 14% (2/14) of HIV-infected men with KS. In contrast,Results
Weiss [4] did not find the virus in semen from healthy donors
at fertility clinics, and Ambroziak et al. [5] reported 5 subjectsAll 96 seminal cell specimens from the 96 HIV-infected

men without diagnosed KS were negative for HHV-8 by PCR with clinical KS, all without detectable HHV-8 in their semen.
Italian investigators reported a large proportion of ejaculatesby use of the KS330 Bam233 assay (table 1). Seminal plasma

samples were available from 67 subjects; all were negative for (30/33, 91%) and prostate tissue (7/16, 44%) from healthy men
as HHV-8–positive [6]. These findings could in part be dueHHV-8 DNA. CMV was detected by PCR in 55 (57%) of the

96 seminal cell specimens. The PBMC of 96 subjects were to different prevalences of HHV-8 in various geographic areas
or populations. For example, classical KS occurs in elderlyalso tested for HHV-8 by PCR, and 10 (10.4%) had HHV-8

DNA identified. Seven of these 10 men had PBMC specimens Mediterranean men.
It is possible that our negative results in semen with positivefrom a second time point that also demonstrated HHV-8 by

PCR. Twenty-six (27.1%) were seropositive for HHV-8 by results in PBMC could be due to different strains in PBMC
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and semen. However, we were able to demonstrate HHV-8 in ever, it is clear that in HIV-infected men without clinical
KS, semen does not have demonstrable HHV-8 by PCR, andPBMC from 10.4% of the HIV-infected men in our cohort;

these data are similar to those reported in other series. Another its role in HHV-8 transmission is uncertain. Further research
regarding other potential modes of HHV-8 transmission willexplanation could be that different populations could be in-

fected with different strains of HHV-8. Neither of these expla- clarify the currently conflicting findings concerning HHV-8
in semen.nations seems likely, since we are using the same primer set

that has given positive results for other investigators in the
United States, and the sensitivity of our assay is equal to or
better than that of other investigators’ assays. Acknowledgments

Improper handling can result in false-negative PCR results.
Several lines of evidence suggest that this was not the case in Thanks to Heather Parker and Eric Johnson for their assistance.
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Circulating Cytomegalovirus (CMV)-Infected Endothelial Cells in Marrow
Transplant Patients with CMV Disease and CMV Infection

Bernd Salzberger,* David Myerson, and Michael Boeckh Fred Hutchinson Cancer Research Center and University of
Washington, Seattle, Washington

Circulating cytomegalovirus (CMV)-infected endothelial cells (CCIC) have been found in immu-
nocompromised patients with CMV disease and have been associated with disease severity. The
frequency of CCIC in marrow transplant recipients was studied to determine its use for distinguish-
ing between CMV pneumonia and asymptomatic CMV infection. CCIC were found in 13 (81%) of
16 patients with CMV pneumonia (5/6 without copathogen; 7/10 with copathogen) and in 10 (50%)
of 20 patients with asymptomatic CMV antigenemia at different levels. There was no statistically
significant association for the incidence nor the quantitative level of CCIC in patients with asymp-
tomatic CMV antigenemia, CMV pneumonia with or without copathogen, or different levels of
CMV virus load measured by antigenemia. The high incidence and quantitative level of CCIC in
patients without clinical disease suggests a role for CCIC in CMV dissemination rather than its
being a specific marker of organ or tissue damage after marrow transplantation.

Cytomegalovirus (CMV) disease is a common infectious in the distinction between CMV as the pathogen causing pneu-
monia and CMV as a bystander pathogen.complication in allogeneic marrow transplant recipients, and

CMV pneumonia continues to be associated with high morbid- Circulating CMV-infected endothelial cells (CCIC) have
been detected in the mononuclear cell fraction of peripherality and mortality in this population [1]. Its diagnosis is based

on clinical criteria (i.e., hypoxemia, radiographic changes) and blood in immunocompromised patients with CMV disease. In
the two initial reports, the number of these cells was associatedlaboratory confirmation by CMV detection in bronchoalveolar

lavage (BAL) fluid or lung biopsy [2]. Since CMV can be with severity of infection and presence of organ involvement
[6, 7]. Several studies give insight into the possible role ofisolated from BAL fluid in a significant number of patients

without CMV disease [3], its pathogenic role is often unclear CCIC in the complex pathogenesis of CMV pneumonia after
marrow transplantation. Endothelial cells have been shown toin patients with CMV isolated from BAL fluid in the presence

of other significant pathogens (e.g., Aspergillus species or re- be permissive for CMV replication, and infected cells exhibit
the pathognomonic nuclear inclusions [7–9]. Indeed, autopsyspiratory viruses). Current clinical practice is to interpret any

detection of CMV in BAL fluid in the presence of clinical studies of marrow transplant recipients with CMV pneumonia
demonstrated CMV infection of endothelial cells in patientssigns or symptoms as CMV pneumonia, but this leads to some

degree of overdiagnosis and overtreatment. with CMV pneumonia [8]. Beschorner et al. [10] reported that,
in disseminated CMV pneumonia, CMV infection often occursThe available parameters reflecting systemic virus load, that

is, pp65 antigenemia and CMV DNA polymerase chain reac- as either necrotizing or diffuse foci. The pathologic features of
CMV pneumonia with multiple necrotizing foci of cytomegaliction (PCR), cannot distinguish between CMV disease and CMV

infection. Although a correlation exists between disease sever- cells suggest miliary dissemination [10]. In addition, transmis-
sion is possible between endothelial cells and monocytes bidi-ity and virus load measured by levels of antigenemia or DNA

PCR, CMV pneumonia can still occur at low levels of virus rectionally, and enhanced expression of leukocyte adhesion
molecules could further facilitate contact to leukocytes [11].load, and not all patients with high virus load develop CMV

disease [4, 5]. Therefore, these parameters are of limited value Therefore, CCIC could be implicated in the dissemination of
CMV, and their appearance in peripheral blood could be a
marker of organ damage.

The purpose of our study was to examine the presence and
Received 30 October 1996; revised 18 April 1997. quantity of CCIC in marrow transplant patients with asymp-
Informed consent was obtained from patients and their parents and guardians, tomatic CMV infection and CMV pneumonia.and this study was approved by the Institutional Review Board of the Fred

Hutchinson Cancer Research Center.
Grant support: NIH (CA-18029, CA-15704, HL-36444); Walter–Marget–

Stiftung, Munich, Germany (B.S.). Patients and Methods
Reprints or correspondence: Dr. Michael Boeckh, Program in Infectious

Diseases, Fred Hutchinson Cancer Research Center, 1100 Fairview Ave. N., Patients with CMV pneumonia or asymptomatic CMV infection
Seattle, WA 98109-4417.

defined as CMV antigenemia after marrow transplantation between* Current affiliation: University of Köln, Cologne, Germany.
May 1993 and June 1996 were eligible for the study. From the
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infection. The mononuclear cell fraction was isolated by density Results
gradient centrifugation using Histopaque (Histopaque 1077;

Thirty-six patients were included in this study (23 male, 13Sigma, St. Louis).
female; median age, 32 years [range, 4–62]). Twelve patientsGranulocytes were isolated by resuspension of the remaining pellet
had acute leukemia (lymphocytic, 5; nonlymphocytic, 7), 13and subsequent dextran sedimentation. For the testing of antigenemia,

cytospin smears of the mononuclear and granulocyte fractions were had chronic myelogenic leukemia, 6 had myelodysplastic syn-
prepared from a final solution of 100 mL containing 1.5 1 106 cells/ drome, 3 had non-Hodgkin’s lymphoma, multiple myeloma,
mL. Slides were fixed in 5% formaldehyde/NP-40 [12], air-dried, or Hodgkin’s disease, and 2 had nonmalignant diseases. Ten
and stored at0207C. For all patients, 10 slides each were screened for patients had a matched related donor, 10 had a related mis-
the presence of CCIC by staining slides with monoclonal antibodies matched donor, 14 had an unrelated donor, and 2 had received
(MAbs) against CMV protein pp65 (C10/11, provided by Biotest an autologous transplant.
Diagnostic, Denville, NJ) and immunoperoxidase detection. We chose

Of 36 patients, 16 had CMV pneumonia (6 without copatho-
pp65-specific MAbs because of the higher sensitivity for screening

gens, 10 with copathogens) and 20 had asymptomatic antigen-compared with MAbs specific to the immediate-early antigen [13].
emia. Pulmonary copathogens included Aspergillus species (4Briefly, slides were thawed, washed in PBS, incubated with MAb
patients) and Mucor species, herpes simplex virus, RSV, para-(1:10 in PBS), washed twice in PBS, incubated with peroxidase-
influenza virus, multiple bacterial pathogens, and Epstein-Barrlabeled anti-mouse antibodies (Dako P161; Dako, Carpinteria, CA),

washed twice, and incubated with acetate-buffered 3-amino-9-ethyl- virus–lymphoproliferative disease (1 each).
carbazole (Sigma) [12]. Counterstaining was performed with Mayer’s CCIC could be detected in 22 (61%) of 36 patients. In most
hematoxylin (Accustain; Sigma). CCIC were identified by their mi- of the slides, cells had intensive nuclear and cytoplasmic stain-
croscopic appearance of Ç35–45 mm, a kidney-shaped nucleus, and ing with pp65 MAb. Few cells had only nuclear staining, but
positive nuclear and cytoplasmic staining with MAb against pp65. these cells were identified only in patients who also had cells
In addition, slides of patients with CMV-positive cells were stained with the typical staining pattern. In addition, many CCIC were
with PAL-E MAb (Biodesign International, Kennebunk, ME) diluted

surrounded by leukocytes in contact with the cell membrane
1:100 in PBS and detected by immunoperoxidase to confirm their

(data not shown). In contrast to previous reports [6], CCIC didorigin as endothelial cells.
not stain with factor VIII MAb. However, all slides stainedNegative (peripheral blood of CMV-seronegative persons) and
positive with PAL-E MAb.positive controls (granulocytes from patients with known antigen-

CCIC were detected in 5 of 6 patients with CMV pneumoniaemia) and heart sections for endothelial cells were prepared and
stained in parallel. without copathogen and in 7 of 10 patients with CMV pneumo-

Staining results were classified as negative if no CCIC were nia and copathogens. Of patients with asymptomatic CMV in-
present and as positive if at least one of these cells was present fection, 10 (50%) of 20 patients with antigenemia at different
in 10 slides. Results were quantified by counting the number of
positive CCIC per 10 slides (Ç1,000,000 cells, assuming a cell
loss of 35% in preparation).

Table 1. Incidence and frequency of CMV-infected endothelial cellsPCR of CMV DNA was performed on 1.5 1 105 peripheral blood
in patients with CMV pneumonia and asymptomatic infection.

leukocytes using base extraction–amplifying DNA from the fourth
exon of the IE-1 gene, sensitive enough to detect ú10 copies of Antigenemia*
CMV genome target [14]. Antigenemia testing was done using form-
aldehyde/NP-40 fixation and immunofluorescence staining [1]. õ10 11–100 ú100 Total

The diagnosis of CMV pneumonia was based on the presence
Asymptomaticof pulmonary infiltrates and isolation of CMV by BAL or lung

antigenemiabiopsy. Copathogens were defined as pathogens isolated by BAL
Incidence† 6/12 (50) 1/4 (25) 4 (75) 10/20 (50)or lung biopsy, including invasive fungal infections (Aspergillus,
Median (range)‡ 6.5 (0–12) 3 (0–3) 3 (0–4) 3.5 (0–12)Mucor), respiratory viruses (respiratory syncytial virus [RSV], in-

CMV pneumonia withfluenza or parainfluenza virus), and bacterial pulmonary pathogens.
copathogen

Antiviral treatment with ganciclovir was initiated either at time of
Incidence† 3/5 (60) 3/4 (75) — 7/10§ (70)

first antigenemia (at §2 positive cells/slide), at time of positive Median (range)‡ 2 (0–4) 2 (0–15) 2 (0–15)
blood cultures, or at documentation of CMV disease, whichever CMV pneumonia
occurred first [1]. In 2 patients, prophylactic ganciclovir treatment without copathogen
was initiated with engraftment [1]. Incidence† 3/4 (75) — 1/1 5/6§ (84)

The associations between detection of endothelial cells, antigen- Median (range)‡ 1 (0–7) 7 7 (0–10)
Totalemia (as a continuous variable), and CMV infection or disease

Incidence† 12/21 (57) 4/8 (50) 4/5 (80) 22/36 (61)(categorized into 3 groups: antigenemia only, CMV pneumonia,
Median (range)‡ 2 (0–12) 2.5 (0–15) 3 (0–7) 4 (0–15)and CMV pneumonia with copathogen) were evaluated in a log

linear regression model with SPSS 6.1.1 (SPSS, Chicago). Vari-
* No. of positive granulocytes/slide.

ables were introduced in a stepwise fashion on the basis of likeli- † No. of patients (%) with any positive CCIC/group.
hood ratios; entry and removal levels of significance were .05 and ‡ No. of CCIC/10 slides, each prepared using 1.5 1 105 mononuclear cells.

§ 1 patient had no determination of antigenemia at time of testing for CCIC..1, respectively.
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Table 2. Patients with different presentations of CMV disease and antigenemia.

Day relative to transplant CMV isolated CCIC Antigenemia PCR Therapy/outcome

Patient 1: pneumonia with
high antigenemia

01, 13 Urine ND ND ND —
18 — ND — / —
26 Blood, throat 5 35 / Ganciclovir
32 BAL 7 834 / Ganciclovir / IVIG
40 0 704 / Ganciclovir
52 0 — 0 Pneumonia resolved

Patient 2: pneumonia with
low antigenemia level

26 — ND 0.5 /
31 Blood ND 28 / Ganciclovir
35 — ND 5 / Ganciclovir
43 BAL (and PIV III) 0 2 / Ganciclovir / IVIG
60 —* ND 2 / Died

Patient 3: high antigenemia,
no pneumonia

28 — ND 1.0 / —
32 — ND 0.5 / —
40 Blood 0 38 / Ganciclovir
53 Blood 4 414 / Ganciclovir
67 Blood 1 106 / Ganciclovir
81 — ND 0.5 / —
139 Blood ND 54 / Developed CMV

pneumonia, resolved

NOTE. PCR, polymerase chain reaction; ND, not determined; IVIG, intravenous immune globulin; BAL, bron-
choalveolar lavage; PIV, parainfluenza virus.

* Autopsy performed, culture and histology negative for CMV.

levels had CCIC in the peripheral blood (table 1). The propor- ever, the frequency appeared to be substantially lower than in
solid organ transplant recipients and patients with AIDS. The ratestions of positive results were not significantly different between

these groups (P ú .4), nor were the numbers of endothelial of detection for CCIC were not statistically significantly different
between patients with CMV pneumonia (with and without copa-cells different (Kruskal-Wallis, P Å .2). Detection of CCIC

was slightly more frequent in patients with high antigenemia, thogens) and asymptomatic CMV infection, nor was there a strict
association with the degree of virus load.but this was not statistically significant (P ú .15) (table 1),

nor was the number correlated to antigenemia. In contrast to renal transplant patients or patients with AIDS,
CMV pneumonia occurred in several patients with low anti- in whom the reported numbers of CCIC were as high as 40 of

genemia and without detection of endothelial cells (e.g., table 200,000 mononuclear cells [7], the numbers in our patients
2, patient 2). CMV DNA PCR was done only qualitatively, so were considerably lower, with a maximum of 15 in 10 slides
virus load could not be measured by this method. (Ç1,000,000 cells). The presence of CCIC in our study was

Of 20 patients with antigenemia and no disease at time of less strongly associated with CMV disease than in previous
study, 4 later had CMV pneumonia (80–180 days after the studies [6, 7]. Instead, occurrence of CCIC was not infrequent
study, after discontinuation of ganciclovir treatment). Three of in patients with asymptomatic antigenemia (10/20, 50%), and
these 4 patients had CCIC detectable at the time of the study. a high number of these patients did not develop overt disease (7/

Serial observations were obtained for 2 patients (table 2, pa- 10 with CCIC detected) at any time during their posttransplant
tients 1 and 3). In these patients, the occurrence of endothelial course.
cells was related to the level of antigenemia and its time pattern. The reason for the lower numbers of CCIC in our patients
No obvious difference in outcome of CMV pneumonia was seen than in renal transplant or AIDS patients is not clear. However,
in patients with endothelial cells compared with those without (4/ there are several possible explanations. First, it is possible that
12 with CCIC resolved their CMV pneumonia vs. 1/4 without). representative patients with particularly high numbers of CCIC

were included in previous studies [6, 7] rather than consecutive
Discussion patients as in our study. Second, the lower frequency of CCIC

might be correlated to a lower systemic virus load that appearsThis study demonstrated that CCIC can be detected in marrow
transplant recipients with CMV disease and CMV infection; how- to be inherent in marrow transplant recipients [15]. After mar-
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Late Cytomegalovirus Disease in Marrow Transplantation Is Predicted by Virus
Load in Plasma

John A. Zaia, Ghislaine M. Gallez-Hawkins, Departments of Pediatrics, Infectious Diseases/Clinical Pathology,
Biostatistics, and Hematology/Bone Marrow Transplantation, City ofBernard R. Tegtmeier, Anna ter Veer, Xiuli Li,

Hope National Medical Center, Duarte, CaliforniaJoyce C. Niland, and Stephen J. Forman

Late occurrence of cytomegalovirus (CMV) disease after day 100 after bone marrow transplanta-
tion has become an increasing problem; whether a quantitative measurement of CMV DNA in
plasma by polymerase chain reaction (P-PCR) could be predictive of such disease was investigated.
In a prospective study, 117 subjects undergoing allogeneic marrow transplantation were followed
for 120 days with weekly CMV blood cultures, with day 35 bronchoalveolar lavage CMV cultures,
with weekly CMV P-PCR, and with clinical follow-up for an additional 1–2 years. Despite preemp-
tive ganciclovir, CMV disease occurred in 9% of subjects, with a median time of onset of 176 days.
Quantitative CMV P-PCR was associated with the late development of CMV disease (P Å .01). Of
43 subjects with positive P-PCR results, 23% developed CMV disease, but no disease occurred in
the 74 subjects with negative P-PCR (P õ .001), despite the fact that 22% had CMV isolated from
lung lavage fluid and 32% had CMV isolated from blood.

Risk factors for the occurrence of human cytomegalovirus BMT, the presence of CMV DNA in plasma has been associ-
ated with risk for disease [3, 4, 12] and pulmonary CMV(CMV)–related morbidity after allogeneic bone marrow trans-

plantation (BMT) can be used to guide antiviral therapy [1– infection [13], but the significance of the quantity of CMV
DNA in plasma has not been studied. We evaluated whether5]. The most important of these factors is the occurrence of

asymptomatic CMV reactivation in blood or lung [2], and in- quantitative plasma PCR is predictive of late CMV disease.
fection of urine or throat has not been as predictive of later
disease [1, 2]. In addition, the occurrence of graft-versus-host

Methodsdisease (GVHD), and other factors predisposing to this, such
as age ú20 years and HLA mismatch of donor and recipient, Study population. During 1993–1994, 117 consecutive CMV-
are important risks for CMV infection and disease [6]. seropositive recipients of allogeneic BMT for hematologic malig-

nancy or severe aplastic anemia were followed for the occurrenceWith the ability to determine CMV DNA in plasma by poly-
of CMV infection and disease in a prospective study. CMV infec-merase chain reaction (PCR) [7, 8], the concentration of viral
tion was determined by twice-weekly blood cultures between daysDNA can be expressed as genome copies per milliliter and can
28 and 56 (day 0 Å day of marrow infusion) and weekly bloodbe an indication of CMV virus load. It is not clear whether
cultures until day 120, by plasma PCR (P-PCR) for CMV DNAthe amount of measurable CMV DNA in blood after BMT
on these same blood specimens, and by bronchoalveolar lavageis predictive of disease. In human immunodeficiency virus–
(BAL) on day 35 after transplant. After day 120, CMV assays were

infected persons, however, it has been reported that the CMV
performed only on patients with clinical indications suggestive of

DNA concentration is significantly higher in plasma in those possible CMV infection.
who eventually develop CMV retinitis [9] and in cerebrospinal Ganciclovir was given preemptively, as previously described
fluid in those who develop CMV-related polyradiculopathy [14], to a total of 71 subjects (62%), based on CMV culture positiv-
[10]. The quantity of CMV DNA in bronchoalveolar cells cor- ity in day 35 BAL fluid (collected prospectively on all subjects),

on two consecutive positive blood cultures prior to day 35, or onrelates with the presence of pneumonitis in immunosuppressed
a single positive blood culture after day 35 but before day 120.persons with CMV pulmonary infection [11]. In allogeneic
No clinical decision was made on the basis of CMV P-PCR result.
Thirty-six patients (31%) were treated because BAL fluid was
positive for CMV; among the 81 BAL fluid CMV-negative sub-
jects, an additional 35 were treated with ganciclovir for positive

Received 6 December 1996; revised 14 April 1997. CMV blood cultures. The 117 subjects analyzed had a median
Presented in part: 9th Immunocompromised Host Society symposium, As-

number of plasma PCR tests/subject of 9, with a range of 2 to 37sisi, Italy, 1996.
samples/subject, and all subjects had at least 1 assay at or nearAll subjects signed an informed consent approved by the Institutional Review

Board of City of Hope prior to participating in this study. the onset of disease (1 patient had 2 tests, 1 had 3 tests, and all
Financial support: NIH (CA-30206). the others had §4 tests). CMV disease was diagnosed at City of
Reprints or correspondence: Dr. John A. Zaia, City of Hope National Medical

Hope as defined by the presence of CMV in patients showingCenter, Dept. of Pediatrics, 1500 E. Duarte Rd., Duarte, CA 91010.
evidence of pneumonitis or gastroenteritis [14].

The Journal of Infectious Diseases 1997;176:782–5
Blood and BAL fluid culture. Blood leukocytes and BAL fluidq 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0036$02.00 were cultured as previously described on MRC-5 shell vials [1,
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Table 1. Relationship of CMV genome copies in plasma to CMV infection and disease after marrow
transplantation.

PCR result

Negative õ104 copies/mL §104 copies/mL
(n Å 74) (n Å 27) (n Å 16)

Time to positive PCR, days — 34* (21–83) 41* (21–144)
CMV-positive in BAL fluid 16 (22%) 16 (59%) 4 (25%)

CMV-positive blood culture 7 11 4
CMV disease 0 2 1

CMV-negative in BAL fluid 58 (78%) 11 (41%) 12 (75%)
CMV-positive blood culture 17 9 9
CMV disease 0 1 6

Total CMV disease 0 3 (11%)† 7 (44%)†

NOTE. PCR, polymerase chain reaction. BAL, bronchoalveolar lavage. Data are no. of subjects (%).
* Significantly different by Wilcoxon rank sum test: P Å .04.
† Significantly different by Fisher’s exact test: P Å .02.

14]. The shell vials were incubated overnight and then stained for 1 on day 56 after transplant in a person not qualified to receive
CMV major immediate-early antigen by use of Bartels (Baxter preemptive ganciclovir and 7 cases occurring after day 150
Diagnostics, McGaw Park, IL) or LIGHT Diagnostic (Chemicon, (days 156, 171, 181, 182, 345, 408, and 623). Of these late
Temecula, CA) antibody reagents. cases, all patients had received preemptive ganciclovir, 3 on

CMV plasma PCR. Plasma was collected from heparinized the basis of positive result in BAL fluids and 4 on the basis
blood, filtered, and stored at 0207C until processed, and then the

of CMV-positive blood culture. In addition, there were 2 cases
plasma DNA was isolated and amplified by methods previously

of CMV gastroenteritis, both occurring in persons not qualifieddescribed [13, 15]. PCR detection and quantitation was done by
for early ganciclovir, and the onsets of these diseases wereuse of an ELISA-based plate assay as described [15].
days 50 and 79. The median time to CMV disease was dayStatistical analysis. Proportions were compared by Fisher’s
176 after transplant. In summary, most CMV pneumonitis oc-exact test or the Mantel-Haenszel x2 test when adjusting for pre-

emptive ganciclovir treatment. For subjects having a positive P- curred late after marrow transplant in persons who had already
PCR result, Wilcoxon rank sum tests were used to test for a differ- been treated preemptively with ganciclovir. Some early disease
ence in median number of genome copies per milliliter of plasma occurred due to failure of culture methods to detect infection,
between those with and without CMV disease. The highest number as has been previously described [1, 2]
of genome copies (occurring prior to CMV disease, if applicable) CMV load and clinical infection. As shown in figure 1A,
was used for these analyses and to test for a difference in time to the CMV P-PCR measurement correlated with the occurrence
first positive PCR result between subjects with õ104 genome cop-

of disease. When the highest level of CMV DNA was compared
ies and those with §104 genome copies/mL of plasma. Univariate

for the group with and without CMV disease, there was aand stepwise logistic regression analyses were used to determine
significant difference between the median values (6.0 1 104

the most significant predictors of CMV disease. Candidate vari-
vs. 0.3 1 104 genome copies/mL of plasma; P Å .01 by Wil-ables included in the logistic model were the number of genome
coxon rank sum test). Table 1 shows the relationships betweencopies per milliliter of plasma, BAL fluid results, blood culture

results, the occurrence of acute or chronic GVHD, and the total CMV P-PCR results and asymptomatic CMV infection in lung,
amount of ganciclovir received by the subject. Thirteen subjects CMV-positive blood culture, and CMV disease. The median
(11%) died before day 120 (7 were PCR-negative and 6 were time to first positive PCR result (34 vs. 41 days) was signifi-
PCR-positive). To take into account time to disease and to adjust cantly shorter in the group with lower levels of CMV plasma
for the early deaths, this analysis was repeated by using Cox regres- DNA (õ104 vs. §104 genome copies/mL of plasma; P Å .04
sion. All tests were carried out at a two-sided significance level by Wilcoxon rank sum test). The rate of occurrence of CMV-
of .05.

positive result in BAL fluid was significantly higher in those
with positive than in those with negative P-PCR results (47%

Results vs. 22%), which confirms a previous observation [13]. There
was no disease in the 74 subjects negative by CMV P-PCR,Occurrence of CMV disease. CMV disease occurred in 10

(23%) of 43 PCR-positive marrow transplant recipients and despite the fact that 22% had detectable CMV in BAL fluid
on day 35 after transplant and 32% had positive blood cultures.none of 74 PCR-negative subjects (P õ .001 by Fisher’s exact

test). There were 3 cases of CMV disease in patients positive Since it was the trigger for early ganciclovir therapy, progres-
sive CMV infection may have been aborted before it could befor CMV in BAL fluids and 7 in patients with negative BAL

fluid results (table 1). There were 8 cases of CMV pneumonitis, detected in the plasma. The group with positive PCR results
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and õ104 genome copies/mL of plasma had a significantly
reduced rate of disease compared with that of subjects with
§104 genome copies of CMV DNA/mL of plasma (11% vs.
44%; P Å .02 by Fisher’s exact test). This result remained the
same after adjusting for preemptive ganciclovir treatment by
use of the Mantel-Haenszel x2 test. Interestingly, 21 subjects
had a maximum number of genome copies per milliliter before
the start of ganciclovir treatment and 19 during treatment. In
the 7 subjects with §104 genome copies/mL who eventually
became ill, all had CMV pneumonitis or gastroenteritis despite
preemptive ganciclovir, at a median time of 181.5 days.

When the results were summarized in a contingency table,
with the presence of CMV disease used as the reference stan-
dard, the sensitivity of any positive CMV P-PCR result was
100%, with specificity of 69%, positive predictive value of
23%, and negative predictive value of 100%. With a cutoff
for CMV P-PCR positivity of §104 genome copies/mL, the
sensitivity of the CMV P-PCR assay was 70%, the specificity
73%, the positive predictive value 44%, and the negative pre-
dictive value 89%. As noted above, the occurrence of CMV
DNA in plasma was significantly associated with eventual
CMV disease. However, the rate of positive culture in BAL
fluid or in blood was not significantly associated with CMV
disease (P ú .20 for both by Fisher’s exact test). The dimin-
ished value of these tests for prediction of disease was presum-
ably due to the fact that both tests were used to trigger the start
of antiviral therapy, which would decrease disease occurrence.

By use of either a univariate or stepwise logistic regression
analysis, the only variable that significantly predicted the prob-
ability of developing CMV disease in this group was the num-
ber of CMV DNA genome copies per milliliter (P Å .02, by
use of a log transformation of the highest number of genome
copies) (figure 1B). On the other hand, BAL positivity, blood
culture positivity, total amount of preemptive ganciclovir treat-
ment, and occurrence of acute or chronic GVHD were not
significantly associated with late CMV disease. The logistic
curve does not ascertain the risk of any single subject devel-
oping CMV disease when the CMV load is known, but it does
illustrate the contribution of increasing CMV burden to the risk
of CMV disease occurrence.

Discussion
Figure 1. CMV load and clinical disease. A, Highest value of
CMV DNA in blood (expressed as genome copies/mL of plasma) The ability to measure virus load promises to change the
for allogeneic marrow transplant recipients with and without clin- way antiviral drug therapy is used. With regard to CMV infec-
ical disease at any time after marrow transplantation. Medians tion after BMT, in which therapy is already based on risk
and SEs are shown. There was a significant difference in median

assignment, there is the potential for virus load determinationvalue of the highest number of genome copies between patients
to further refine this treatment strategy. It has been demon-with and without CMV disease (P Å .01). B, Predicted probability

of developing CMV disease, based on stepwise logistic regression strated that increased CMV DNA in the plasma of persons with
model using log of genome copies/mL of plasma as predictor of AIDS is associated with a risk for CMV disease of the central
CMV disease (P Å .02). 0 on x axis represents 10,000 genome nervous system [9, 10]. Studies are in progress to determine
copies/mL, at which point there is 0.2 probability of developing

whether early treatment based on risk might be a more precisedisease. Equation used is E(y/x) Å exp(01.4164 / 1.1794x)/(1
method for prevention of CMV retinitis. In allogeneic BMT,/ exp[01.4164 / 1.1794x]), where x Å log(genome copy num-

ber) and y Å CMV disease. although qualitative PCR assays have been used for patient
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in transplant recipients by DNA amplification in plasma. Transplantation
than 40% (see table 1) of the blood culture–positive subjects

1993;56:330–4.
never had a positive P-PCR test, suggesting that P-PCR might 13. Aspin MM, Gallez-Hawkins GM, Giugni TD, et al. Comparison of plasma

PCR and bronchoalveolar lavage fluid culture for detection of cytomega-not be sufficiently sensitive for monitoring patients early after
lovirus infection in adult bone marrow transplant recipients. J Clintransplant. Prospective studies are needed to determine whether
Microbiol 1994;32:2266–9.

monitoring CMV DNA load in plasma could be used for risk
14. Zaia JA, Schmidt GM, Nelson JC, et al. Preemptive ganciclovir administra-

assignments to begin or extend ganciclovir or other anti-CMV tion based solely on asymptomatic pulmonary cytomegalovirus infection
in allogeneic bone marrow transplant recipients: long-term follow-up.therapy in hopes of preventing late CMV disease after BMT.
Biol Blood Marrow Transplant 1995;1:88–93.As these tests become more readily available, it is possible that

15. Gallez-Hawkins GM, Tegtmeier BR, ter Veer A, Niland JC, Forman SJ,guidance of treatment with CMV DNA plasma assays will
Zaia JA. Evaluation of a quantitative plasma PCR assay for detecting

lead to a more rational use of antiviral prophylaxis in this cytomegalovirus infection in marrow recipients. J Clin Microbiol 1997;
35:788–90.population.
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Evolution of Mutations Conferring Multidrug Resistance during Prophylaxis and
Therapy for Cytomegalovirus Disease

Sunwen Chou, Gail Marousek, Susan Guentzel, Medical and Research Services, VA Medical Center, and Division of
Infectious Diseases, Oregon Health Sciences University, Portland,Stephen E. Follansbee, Margaret E. Poscher,

Oregon; R. K. Davies Medical Center and Departments of Medicine andJacob P. Lalezari, Richard C. Miner,
of Clinical Microbiology and Infectious Disease, Mount Zion Medical

and W. Lawrence Drew Center, University of California, San Francisco

In a human immunodeficiency virus–infected subject, cytomegalovirus (CMV) isolated 9 months
after the patient began oral ganciclovir prophylaxis was resistant to ganciclovir and cidofovir and
contained mutations in both UL97 and Pol coding regions. At 1 year, retinitis developed, which
progressed despite intravenous ganciclovir followed by foscarnet and then cidofovir. A subsequent
buffy coat virus isolate was resistant to all three drugs and contained new mutations in UL97 and
Pol. By individually transferring the observed mutations to laboratory strain AD169, it was shown
that a mutation at codon 603 of UL97 conferred resistance to ganciclovir, a mutation at codon 412
of Pol conferred resistance to both ganciclovir and cidofovir, and a mutation at codon 802 of Pol
conferred resistance to ganciclovir and foscarnet. This case illustrates the development of multidrug
resistance during prolonged exposure to antiviral therapy for CMV and cross-resistance arising
from point mutations in the CMV Pol gene.

3). Urine cultures were positive for CMV at baseline and intermit-In immunocompromised hosts, cytomegalovirus (CMV) dis-
tently thereafter (figure 1). His CD4 cell count fell to 3/mL atease frequently progresses despite ongoing antiviral therapy
month 12. Thirteen months after the patient started oral gan-with ganciclovir, foscarnet, or cidofovir. When this occurs,
ciclovir, retinitis was noted in the right eye, limited to zone II. Hethere is concern for the development of drug resistance, al-
had missed Ç25% of his oral ganciclovir doses in the 2 monthsthough treatment failure may also result from other host- or
prior to diagnosis. Induction therapy with intravenous ganciclovir

treatment-related factors. The relative frequency, clinical im-
was started (10 mg/kg/day). Three weeks later, retinitis was de-

portance, and mechanisms of CMV drug resistance are topics tected in the contralateral eye, and therapy was switched to intrave-
of active current investigation [1]. nous foscarnet (180 mg/kg/day). Disease progression was halted

Certain mutations in the viral UL97 phosphotransferase and but relapsed when the patient began receiving maintenance foscar-
the DNA polymerase (Pol) genes result in CMV drug resistance net within 30 days of completion of the induction course. Reinduc-
[1]. In this study, analyses of UL97 and Pol were performed tion therapy was attempted with the combination of ganciclovir
on serial CMV isolates from a single patient who received (10 mg/kg/day) and foscarnet (180 mg/kg/day), followed by main-

tenance therapy with the combination. At week 25, no improve-prolonged anti-CMV therapy beginning with oral ganciclovir
ment was noted, and the patient was given intravenous cidofovirprophylaxis. The mutations conferring the remarkable triple-
for Ç5 weeks without complication, but by week 30 this therapydrug resistance that ultimately developed were investigated.
had failed. Reinduction treatment with ganciclovir (15 mg/kg/day)
and foscarnet (180 mg/kg/day) was begun at week 31. His vision

Materials and Methods and overall clinical condition continued to deteriorate despite this
therapy. Intravitreal foscarnet (2.4 mg) was administered to both

Case report. A 42-year-old human immunodeficiency virus
eyes at week 41. His condition worsened, and he died at home 42

(HIV)–infected subject, with a CD4 cell count of 41/mL but no
weeks after the initial diagnosis of CMV retinitis. A buffy coat

history of AIDS-defining opportunistic infections, was enrolled in
CMV isolate from late in the clinical course (figure 1) was exam-a study of oral ganciclovir (1 g three times daily) for prevention
ined for drug susceptibility and genetic characteristics.of CMV disease. Initially there was no overt CMV disease, and

Virus isolates and susceptibility testing. Laboratory CMVan ophthalmologic examination was negative for retinitis. Study
strain AD169 (American Type Culture Collection, Rockville, MD)drug was twice interrupted because of neutropenia (months 2 and
was used as a control. CMV susceptibility testing to ganciclovir,
foscarnet, and cidofovir was done by plaque reduction in cell
cultures [2]. The IC50 was determined. The IC50 cutoff used to
define resistance was 6 mM for ganciclovir, 400 mM for foscarnet,Received 26 February 1997; revised 24 April 1997.
and 2 mM for cidofovir [1, 2]. Three isolates from this subjectFinancial support: Department of Veterans Affairs research funds; NIH

(AI-39938). were tested: at baseline and 9 and 19 months later (figure 1). The
Reprints or correspondence: Dr. Sunwen Chou, VA Medical Center 111F, first 2 were urine isolates; the last was a buffy coat isolate.

3710 SW US Veterans Hospital Rd., Portland OR 97201.
Genetic analyses. The entire 2.1-kb UL97 and 3.7-kb Pol

The Journal of Infectious Diseases 1997;176:786–9 DNA sequence was determined for all 3 isolates selected for analy-q 1997 by The University of Chicago. All rights reserved.
0022–1899/97/7603–0037$02.00 sis. Sequencing was done from polymerase chain reaction (PCR)–
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Figure 1. Serial observations of CMV shedding, drug susceptibility, and resistance mutations during therapy.

amplified templates representing overlapping regions of the re- The Phe-to-Cys mutation at codon 412 of Pol (C412) was trans-
ferred by an infection-transfection procedure. Infectious AD169spective coding regions. Templates were sequenced by use of a

fluorescent dye terminator sequencing kit (AmpliTaq FS; Perkin- extracellular virus (7 1 104 pfu) was ultracentrifuged, and the
pelleted virus was mixed with 12 mL of the transfection reagentElmer ABI, Foster City, CA) and the ABI 373A sequencer. Se-

quencing reactions used multiple sequencing primers representing (Lipofectamine; Life Technologies GIBCO-BRL, Gaithersburg,
MD) and the DNA fragment containing the mutation to be trans-both DNA strands to be sequenced and internal to the primers

used to prepare templates [3, 4]. Sequence data were aligned with ferred (2 mg in 50 mL of serum-free medium). The 1.1-kb DNA
fragment was PCR-amplified from the clinical isolate with theexisting UL97 and Pol sequences, and all apparent deviations from

reference sequences were confirmed by repeated sequencing reac- primer pair Pol1214 (5*-CGCCGTGTCTGTCACGCCG-3*) and
Pol2316 (5*-TGGTGTTGAACAGATCGCGCA-3*). After incu-tions covering the same codons. Mutations in UL97 and Pol were

defined as sequence changes from reference strains AD169 and bation at room temperature for 30 min, the mixture was diluted
with 0.8 mL of serum-free medium and inoculated onto subcon-Towne (sequences available in Genbank) or other known drug-

susceptible clinical isolates in the existing database [1, 3–6]. fluent human fibroblast cultures. Growth medium without drug
was replaced after 1 h. After 1 week, the cells were passed to aMarker transfer experiments. The UL97 and Pol mutations

identified in the multiresistant late clinical isolate (figure 1) were fresh subconfluent monolayer of fibroblasts and cultured for 1
week under 40 mM ganciclovir. Supernatant virus was then pas-individually transferred by homologous recombination to labora-

tory strain AD169. The Cys-to-Trp mutation at codon 603 of UL97 saged to fresh fibroblasts and cultured under 40 mM ganciclovir
for 3 weeks, with weekly trypsinization of the cell monolayer.(W603) and the Leu-to-Met mutation at codon 802 of Pol (M802)

were transferred by use of minor modifications of a method pre- Supernatant virus was plaqued under agarose with no added drug.
From plaques testing positive for the C412 mutation, one wasviously published [3]. The mutant DNA fragment was 1.0 kb in

length and was prepared by PCR amplification from the clinical selected for two additional rounds of plaque purification without
drug.isolate with primer pairs CPT1088 (5*-ACGGTGCTCACGGTC-

TGGAT-3*) and CPT2096 (5*-CGTCAAGGTCCTCCTCGCA-3*) Genetic characterization of the recombinants consisted of se-
quencing of the entire UL97 and Pol coding regions, and eachfor W603 and Pol2566 (5*-CTATGTTTCAGATGTCGCCGC-3*)

and Pol3550 (5*-CGTTTCTTGCAGATCATCAT-3*) for M802. recombinant was tested for susceptibility to ganciclovir, foscarnet,
and cidofovir in parallel with the parent AD169 strain.Supernatant virus from the initial transfection was plaqued once

under drug (20 mM ganciclovir for W603 and 250 mM foscarnet
for M802). Plaques were picked 1–2 weeks later and screened for Results
the presence of the desired mutant sequence, and plaques testing

Drug susceptibility of serial CMV isolates. Viruria waspositive were picked for two further rounds of plaque purification
without drug. intermittently detected while the patient was receiving oral
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Table 1. Drug susceptibilities of AD169 recombinant viruses.ganciclovir prophylaxis (figure 1). The baseline CMV isolate
was found to be susceptible to all three drugs. After 9 months

Plaque reduction IC50 , mMof oral ganciclovir, and with no exposure to cidofovir, an isolate
was obtained that was resistant to both ganciclovir and cido- Virus strain Mutation Ganciclovir Foscarnet Cidofovir
fovir. The cidofovir IC50 of 2.8 mM was increased 7-fold over

AD169 None 3.2 60 0.27baseline but not much above the level defined for resistance
T348-11-4-11 Pol C412 11.6 150 2.7(2.0 mM). However, the ganciclovir IC50 of 36 was high com-
T516-4-10-1 Pol M802 11.3 650 0.49pared with those of most other resistant clinical isolates [6]. A
T490-5-2-1 UL97 W603 25.5 265 0.56

later buffy coat isolate obtained after prolonged drug treatment
was highly resistant to ganciclovir and cidofovir and resistant
to foscarnet as well (figure 1).

Sequence analysis of clinical isolates. The complete UL97 AD169 that were present in the baseline drug-susceptible clini-
cal isolate from this subject. These were the insertion of a Sercoding sequence of the baseline susceptible clinical isolate

showed amino acid change from strain AD169 at only 3 codons codon at 884 and an Ala-to-Thr change at codon 885 (T885).
The recombinant virus T490-5-2-1 had the UL97 amino acid(68, 131, and 244). The isolate at 9 months was identical in

UL97 amino acid sequence to the baseline isolate except for sequence of strain AD169 except for the W603 mutation. The
Pol sequence was identical to that of strain AD169.the presence of a mutation at codon 592 (TGC-to-GGC or

Cys-to-Gly, G592) previously reported in another ganciclovir-
resistant clinical isolate [6]. The third isolate showed amino

Discussion
acid changes at codons 125 (Leu-to-Gln) and 469 (His-to-Tyr),
both previously encountered by us in susceptible clinical iso- The evolution of this case was remarkable for several fea-

tures. An initially susceptible virus became resistant after 9lates, and at codon 603 (TGC-to-TGG or Cys-to-Trp, W603),
not previously noted in susceptible clinical isolates. months of oral ganciclovir prophylaxis for CMV in an AIDS

patient, with the virus developing cross-resistance to cidofovir.The complete Pol coding sequence of the baseline suscepti-
ble clinical isolate showed amino acid differences from strain This was followed by overt retinitis, which responded subopti-

mally to intravenous ganciclovir, foscarnet, and cidofovir. AAD169 only at codons 628 (Pro-to-Leu), 655 (Ser-to-Leu), 685
(Asn-to-Ser), 884 (Ser inserted), and 885 (Ala-to-Thr, T885). later virus isolate had become resistant to all three antiviral

drugs.The Pol sequence of the isolate at 9 months was identical to
the baseline isolate except for a mutation at codon 412 (TTT-to- Mutations in the CMV UL97 phosphotransferase gene, spe-

cifically at codons 460, 520, or 591–596, are observed inTGT or Phe-to-Cys, C412). The last isolate had a Pol sequence
identical to that of the 9-month isolate, except that it also Ç90% of ganciclovir-resistant clinical CMV isolates, with mu-

tations at codons 460, 594, and 595 being the most commoncontained a second mutation at codon 802 (CTG-to-ATG or
Leu-to-Met, M802). [1, 3–11]. In this case, we have shown experimentally that the

W603 mutation also confers ganciclovir resistance. Some otherComparative analysis of sequences from the 3 clinical iso-
lates suggested that the G592 and W603 mutations in UL97 mutations in the codon 597–607 range may have a similar

effect [1, 7]. Resistance to foscarnet or cidofovir is not expectedeach conferred ganciclovir resistance, the C412 mutation in
Pol conferred at least cidofovir resistance, and the M802 muta- to result from mutations in UL97, as illustrated by the W603

recombinant virus (table 1).tion in Pol conferred at least foscarnet resistance. Because of
a number of possible interpretations of the cross-resistance Information on the character and frequency of Pol resistance

mutations in clinical CMV isolates is still limited [1, 4, 5, 7].properties of the Pol mutations, each mutation observed in the
last multiresistant isolate was separately transferred to labora- Because of complexity introduced by interstrain variation and

possible cross-resistance, marker transfer experiments, intory strain AD169 to test its functional effect in isolation.
Analysis of recombinant viruses. Three recombinant vi- which putative resistance mutations are individually transferred

to well-defined laboratory strains of CMV by homologous re-ruses were isolated and analyzed after three rounds of plaque
purification. They had the mutations and susceptibility data combination, are important in determining the phenotypic cor-

relates of specific Pol mutations. Earlier reports involving labo-shown in table 1. All recombinant viruses appeared to grow
and passage normally in cell culture. The recombinant virus ratory-derived CMV mutants indicated that dual ganciclovir

and cidofovir resistance resulted from mutations at codons 987T348-11-4-11 had a UL97 coding sequence identical to that of
strain AD169 and a Pol coding sequence that contained the [12], 501, and probably 412 [13].

In clinical isolates, Pol mutations contribute to and occasion-C412 mutation but was otherwise identical to that of strain
AD169. The recombinant virus T516-4-10-1 had a UL97 se- ally may be the sole basis for ganciclovir resistance [4]. Some

mutations result in cross-resistance. For example, the C412quence identical to that of strain AD169 and a Pol coding
sequence that contained the M802 mutation. This recombinant mutation conferred resistance to both ganciclovir and cidofovir

(table 1) in a subject who had not received cidofovir. Mutationsalso contained some other amino acid differences from strain
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5. Baldanti F, Underwood MR, Stanat SC, et al. Single amino acid changesat Pol codons 700 and 715 resulted in decreased susceptibility
in the DNA polymerase confer foscarnet resistance and slow-growthto foscarnet when transferred to strain AD169 [5]. Here, the
phenotype, while mutations in the UL97-encoded phosphotransferase

M802 recombinant was found to be resistant to both ganciclovir confer ganciclovir resistance in three double-resistant human cytomega-
and foscarnet, representing the first Pol mutation shown to lovirus strains recovered from patients with AIDS. J Virol 1996;70:

1390–5.confer ganciclovir-foscarnet cross-resistance, a clinically sig-
6. Chou S, Guentzel S, Michels KR, Miner RC, Drew WL. Frequency ofnificant feature.

UL97 phosphotransferase mutations related to ganciclovir resistance inThe present findings, and other preliminary data [1, 4], sug-
clinical cytomegalovirus isolates. J Infect Dis 1995;172:239–42.

gest that Pol resistance mutations in clinical isolates tend to
7. Baldanti F, Sarasini A, Silini E, et al. Four dually resistant human cytomeg-

occur at codons 380–540 (regions IV to A), 696–845 (regions alovirus strains from AIDS patients: single mutations in UL97 and
II to III), and 987 (region V). Several mutations in the codon UL54 open reading frames are responsible for ganciclovir- and foscar-

net-specific resistance, respectively. Scand J Infect Dis Suppl 1995;99:range 380–540 are associated with ganciclovir-cidofovir cross-
103–4.resistance, and mutations at or near codon M802 may indicate

8. Baldanti F, Silini E, Sarasini A, et al. A three-nucleotide deletion in the
ganciclovir-foscarnet cross-resistance. Thus, when choosing al-

UL97 open reading frame is responsible for the ganciclovir resistance
ternative drugs for those who have received prolonged anti- of a human cytomegalovirus clinical isolate. J Virol 1995;69:796–800.
CMV therapy, susceptibility testing or genetic analysis of Pol 9. Hanson MN, Preheim LC, Chou S, Talarico CL, Biron KK, Erice A.

Novel mutation in the UL97 gene of a clinical cytomegalovirus strainmay be needed to guide the selection.
conferring resistance to ganciclovir. Antimicrob Agents Chemother
1995;39:1204–5.
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ated with ganciclovir-resistant cytomegalovirus in an AIDS patient:1. Crumpacker CS, ed. Drug resistance in cytomegalovirus: current knowl-
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12. Sullivan V, Biron KK, Talarico C, et al. A point mutation in the humanase coding sequence in clinical cytomegalovirus isolates and identifica-
cytomegalovirus DNA polymerase gene confers resistance to gan-tion of mutations conferring ganciclovir resistance. J Infect Dis 1995;
ciclovir and phosphonylmethoxyalkyl derivatives. Antimicrob Agents171:576–83.
Chemother 1993;37:19–25.4. Erice A, Gil-Roda C, Perez JL, et al. Antiviral susceptibilities and analysis
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T Cell Subsets and Cytomegalovirus Retinitis in Human Immunodeficiency
Virus–Infected Patients

Mei-Ling Tay-Kearney,* Cheryl Enger, Departments of Ophthalmology, Oncology, Neurology, and Medicine,
Johns Hopkins University School of Medicine, Baltimore, MarylandRichard D. Semba, Walter Royal III, James P. Dunn,

and Douglas A. Jabs

A case-control study was done to investigate the relationship between T cell subsets and cytomega-
lovirus (CMV) retinitis in human immunodeficiency virus (HIV)–infected subjects with or without
CMV retinitis and CD4/ cell counts of õ0.050 1 109/L. Cell surface markers on peripheral blood
lymphocytes were evaluated using flow cytometry. Patients with CMV retinitis had significantly
lower levels of CD8/ cells (median: 0.152 1 109/L) compared with levels for controls (median: 0.296
1 109/L, P õ .001). Significant down-regulation of costimulatory molecule CD28/ and lymphocyte
function–associated antigen-1 (LFA-1) expression was observed in patients versus controls (CD28/:
0.048 1 109/L vs. 0.143 1 109/L, P õ .001; LFA-1: 0.238 1 109/L vs. 0.400 1 109/L, P õ .001), but
no significant differences were noted for NK cells. We propose that progressive loss of the CD3/CD8/

cell subset and down-regulation of CD28 and LFA-1 accessory molecules are associated with an
increased risk of CMV retinitis in HIV-infected patients.

Cytomegalovirus (CMV) disease is assuming a more sig- infected persons to CMV disease. Furthermore, since it is desir-
able to be able to identify patients at higher risk of CMVnificant role as people with AIDS live longer. The cumulative

lifetime risk of CMV disease is 45% [1], with retinitis being retinitis (for primary prophylaxis), we conducted a case-control
cross-sectional study on the expression of lymphocyte subsetits most common manifestation. CMV retinitis is the most

common intraocular infection in AIDS patients and is a cause markers in peripheral blood lymphocytes from HIV-infected
persons with and without CMV retinitis. We hypothesized thatof significant morbidity. It generally occurs when CD4/ cell

counts are õ0.050 1 109/L [2]. decreased levels of CD8/ cells, NK cells, and costimulatory
molecules (CD28 and lymphocyte function–associated anti-Despite the presence of antibodies to CMV, 30%–40% of

AIDS patients develop CMV disease, suggesting that cell-me- gen-1 [LFA-1]) would predispose individuals with HIV to
CMV retinitis.diated immunity is necessary for maintaining CMV latency.

This supposition is also supported in clinical and animal studies
in which recovery from CMV infection is dependent on an

Materials and Methodsintact cellular immunity, in particular CD8/ T lymphocytes
and NK cells [3].

From September 1994 through May 1995, HIV-infected patientsIn addition to the progressive loss of CD4/ and CD8/ T
with CMV retinitis were recruited from the AIDS Ophthalmologylymphocytes in human immunodeficiency virus (HIV) infec-
Clinic at Johns Hopkins Hospital. A diagnosis of CMV retinitis

tion, it was recently reported that CD28 antigen expression
was made on the basis of typical ophthalmologic features. HIV-

declines as HIV infection advances [4]. Because loss of this infected patients without CMV retinitis and with CD4/ cell counts
molecule might partly explain cytotoxic T lymphocyte anergy õ0.050 1 109/L were recruited as controls. Patients with visceral
[5], we postulate that progressive cytotoxic/suppressor T cell CMV disease were excluded from the control group.
(CD8 cell) loss or anergy (or both) could predispose HIV- Blood was collected for flow cytometry and a complete blood

cell count. Blood for flow cytometry was transported at room
temperature and prepared within 4 h of collection. Clotted speci-
mens were discarded. Peripheral blood lymphocytes were isolated,
stained, and analyzed in general compliance with Centers for Dis-Received 10 July 1996; revised 11 April 1997.

Informed consent was obtained from all patients, and the research protocol ease Control and Prevention guidelines for leukocyte immunophe-
was approved by the Joint Committee on Clinical Investigation of Johns Hop- notyping of HIV-infected persons [6].
kins Hospital and School of Medicine. Peripheral blood lymphocytes were stained with combinations

Financial support: National Institutes of Health (RR-00722 and EY-10268
of monoclonal antibodies (MAbs), fixed, and analyzed within 12[to D.A.J.], HD-30042 and HD-32247 [to R.D.S.]; Research to Prevent Blind-
h of staining. Isotype-matched MAbs served as controls for fluo-ness (Foreign Fellowship Award to M.-L.T.-K.).

Reprints or correspondence: Dr. Douglas A. Jabs, Wilmer Eye Institute, 550 rescence marker settings and identification of nonspecific staining.
N. Broadway, Suite 700, Baltimore, MD 21205. All MAbs were directly conjugated to either fluorescein isothiocya-

* Present affiliation: Lions Eye Institute, 2 Verdun Street, Nedlands, WA
nate (FITC), phycoerythrin (PE), or to a tandem dye, phycoer-6009, Australia.
ythrin–cyanine 5 (PE-Cy5). The following MAbs were used: CD3-

The Journal of Infectious Diseases 1997;176:790–4
PE-Cy5 (Pan-T cells; Immunotech, Westbrook, ME); MsIgG1-q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0038$02.00 FITC, MsIgG2a-PE, MsIgG1–Cy5 (isotype control; Immunotech);
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CD45-FITC (lymphocytes, monocytes; Becton Dickinson, San Table 1. Demographics and medical histories for HIV-infected sub-
jects with (patients) or without (controls) CMV retinitis.Jose, CA); CD14-PE (monocytes; Becton Dickinson); CD4-FITC

(helper T cell; Becton Dickinson or Olympus, Lake Success, NY);
Feature Patients Controls P*CD8-PE (cytotoxic/suppressor T cell; Becton Dickinson or Olym-

pus); CD28-FITC, CD28-PE (costimulatory molecule; Immuno-
No. of patients 49 56

tech); CD45RA-FITC (naive T cell; Becton Dickinson);
Race .051

CD16/CD56/-PE (NK cell; Immunotech); and LFA-1–FITC (ac- White 61 41
cessory, adhesion molecule; Immunotech). Black 39 59

Two- and three-color flow cytometry was done using Becton Gender 1.000
Dickinson FACStar Plus and FACStar Plus Research Software Male 86 88

Female 14 12(LYSIS II). Flow cytometer optics were aligned and calibrated
Risk factor .190daily with Biosure chick red blood cells (Riese, San Jose, CA).

MSM 65 46For each sample, 15,000 ungated events were collected, and the
IDU 21 23lymphocyte population was selected by backgating. Quadrant anal-
MSM and IDU 0 7ysis cursors were set from the isotype control sample so thatú98%
Heterosexual 12 20

of the gated cells were double negative. These same quadrant
Blood product use 2 4

settings were used for subsequent antibody combinations. The raw Age (years), mean { SD 40.3 { 8.4 36.8 { 6.5 .016
subset percentage value was corrected for nonlymphocyte events Antiretroviral drug use .049
within the gate [6]. Yes 31 50

Raw data were analyzed with statistical software (SAS Institute, No 69 50
G-CSF õ.001Cary, NC). For many analyses, all patients with CMV retinitis

Yes 29 4were considered a single group. Categorical characteristics were
No 71 96compared between groups by use of Fisher’s exact test. Group

Kaposi’s sarcoma .019means were compared using Student’s t test. Median and inter-
Yes 22 5quartile values were used to describe lymphocyte subset ranges,
No 78 95

which were not normally distributed. The percent counts and abso-
History of other OI .030

lute counts of cell surface markers were compared using the Wil- Yes 71 50
coxon rank sum test. Multivariate regression analysis was done to No 29 50
adjust for potentially confounding factors. Unadjusted P values

NOTE. Data are % unless otherwise indicated. MSM Å men having sexare given.
with men; IDUÅ injection drug use; G-CSFÅ granulocyte colony-stimulating
factor; OIÅ opportunistic infections (defined as Pneumocystis carinii pneumo-

Results nia and cryptococcal or Mycobacterium avium-intracellulare complex infec-
tions).

One hundred five HIV-infected persons with CD4/ cell * Determined by use of Fisher’s exact test and Student’s t test.
countsõ0.050 1 109/L were recruited prospectively, of whom
49 had CMV retinitis (patients) and 56 had HIV-infection with-
out CMV retinitis (controls). was significantly lower in the patient group than in the control

group (0.517 1 109/L vs. 0.610 1 109/L, P Å .018). However,Demographics for the patients and controls are compared in
table 1. Of the 49 patients, 22 were receiving anti-CMV treat- both groups had a similar CD4/ cell percent (0.81 1 109/L vs.

1.1 1 109/L, P Å .380) and similar median absolute CD4/ cellment (ganciclovir, foscarnet, or cidofovir); 27 had newly diag-
nosed CMV retinitis and were not receiving treatment at the counts (both õ0.010 1 109/L, P Å .069).

Compared with CD8/ and CD45RA/ cell counts for con-time of blood sampling. Subgroup analyses showed no signifi-
cant statistical differences in demographic factors and medical trols, those for patients were lower (CD8/: P õ. 001;

CD45RA/: P õ .001). CD8/CD45RA/ cell counts were alsohistories, except for granulocyte colony–stimulating factor (G-
CSF) use, for treated and untreated patients, so they were ana- significantly lower in patients than controls (P õ. 001). Three-

color analysis determined that most CD3/CD45RA/ cells (i.e.,lyzed as a single group. Patients were slightly older than con-
trols, but the 2 groups did not differ significantly in their use CD45RA/ cells) were also CD8/CD45RA/ cells.

CD28 antigen expression was significantly lower for CD3/of acyclovir, prednisone, or cytotoxic drugs; however, fewer
patients were receiving antiretroviral drugs than were controls (P Å õ .001) and CD8/ (P Å õ .001) cell subsets in patients

than in controls. Three-color analysis determined that most of(P Å .049), and more patients than controls were treated with
G-CSF (P õ .001). In addition, more patients than controls the CD8/CD28/ cells were also CD3/CD8/CD28/ cells. T

cells expressing LFA-1 were significantly lower in patientshad a history of Kaposi’s sarcoma (P Å .019) and other oppor-
tunistic infections (i.e., Pneumocystis carinii pneumonia and than controls (P õ .001). Although the percentage of CD3–

56/CD16/ cells (NK cells) was higher in patients than con-cryptococcal and Mycobacterium avium-intracellulare com-
plex infections; P Å .030). trols, the absolute counts were similar.

A subgroup analysis was done to determine the effect ofLymphocyte subset results, comparing patients and controls,
are listed in table 2. The median absolute lymphocyte count treatment with G-CSF. The absolute number of lymphocytes
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Table 2. Percent and absolute lymphocyte counts for HIV-infected subjects with (patients) or without (controls) CMV retinitis.

Patients Controls

CD4/ cell % Absolute no. lymphocytes CD4/ cell % Absolute no. lymphocytes
Surface marker (1109/L) P* (1109/L) P* (1109/L) (1109/L)

CD3/CD8/ 39.50 .006 0.152 õ.001 49.62 0.296
(19.13, 49.90) (0.075, 0.308) (34.76, 60.66) (0.163, 0.490)

CD3/CD45RA/ 19.43 .001 0.082 õ.001 34.23 0.211
(9.16, 32.25) (0.036, 0.191) (23.51, 43.68) (0.083, 0.367)

CD8/CD45RA/ 16.53 õ.001 0.078 õ.001 30.38 0.203
(8.50, 34.21) (0.035, 0.138) (22.48, 39.12) (0.095, 0.341)

CD3/CD28/ 13.38 õ.001 0.048 õ.001 23.47 0.143
(5.08, 24.22) (0.019, 0.144) (16.54, 36.03) (0.093, 0.262)

CD8/CD28/ 6.82 õ.001 0.023 õ.001 15.08 0.088
(1.91, 15.40) (0.010, 0.090) (9.18, 26.14) (0.049, 0.185)

CD8/CD280 25.65 .418 0.120 .014 29.29 0.200
(17.02, 40.36) (0.063, 0.211) (19.86, 45.59) (0.113, 0.323)

CD3/LFA-1/ 51.46 .004 0.238 õ.001 63.92 0.400
(30.88, 62.86) (0.120, 0.372) (51.10, 73.11) (0.202, 0.594)

CD30CD56/CD16/ (NK cells) 12.45 .021 0.063 .763 7.38 0.054
(6.16, 22.35) (0.024, 0.108) (3.69, 16.00) (0.024, 0.099)

NOTE. Data are medians; numbers in parentheses are 25th, 75th percentile values.
* Compared with controls; determined by use of Wilcoxon rank sum test.

was significantly higher in patients receiving G-CSF compared and controls. Subgroup analysis also showed no significant
differences in the demographics or medical histories of treatedwith those not receiving G-CSF (median: 0.617 1 109/L vs.

0.384 1 109/L, P Å .023). The absolute number of CD8/ cells and untreated patients, except for the greater use of G-CSF in
the treated group.in patients receiving G-CSF versus those not receiving G-CSF

was also significantly higher (0.308 1 109/L vs. 0.138 1 109/ Cell transfer studies in CMV-infected murine models suggest
L, P Å .038), as was the absolute number of CD28/ cells that CD8/ cytotoxic T lymphocytes are protective for CMV
(0.136 1 109/L vs. 0.033 1 109/L, P Å .010) and CD8/CD28/ disease [7]. Our group of patients had significantly lower CD8/

cells (0.081 109/L vs. 0.0191 109/L, PÅ .027). T cells counts cell counts compared with those for the control group, and the
were also significantly higher in G-CSF–treated patients. No majority of these cells were naive (CD45RA/). Fiala et al. [8]
significant group differences were found for other mononuclear reported that the risk for CMV disease increases when CD8/

subsets analyzed. cell counts decline toõ0.5001 109/L. This finding was corrob-
Multivariate regression analysis showed that the differences orated by Lowder et al. [9] in a retrospective study of CMV

in cell surface markers between patients and controls remained retinitis in patients with AIDS. These findings underscore the
after adjusting for age, race, and antiretroviral use. The only importance of CD8/ cytotoxic T lymphocytes in the prevention
factor that influenced the cell surface marker results was G- of CMV retinitis.
CSF use, which actually reduced the differences between pa- It has been suggested that switching from CD45RA/ (naive)
tients and controls. to CD45RO/ (memory) cells is an important mechanism of T

cell activation in response to CMV infection. In this study,
patients with CMV retinitis had lower numbers of naive cells

Discussion
than did the control group, suggesting that the switching of
naive cells to memory cells may be inadequate to prevent CMVHIV-infected patients with CMV retinitis and controls with-
disease in HIV-infected patients.out CMV retinitis were matched for CD4/ cells by selecting

CD28 antigen provides the necessary second signal for Tsubjects with CD4/ cells õ0.050 1 109/L.
cell activation, proliferation, and interleukin-2 production.Patients were more likely than controls to be white and older
Brinchmann et al. [5] demonstrated that in HIV-infected pa-and to have a history of another opportunistic infection, and
tients, the ability to proliferate and secrete interleukin-2 inthey were less likely to be using antiretroviral drugs and more
response to T cell receptor activation was restricted to thelikely to be using G-CSF. However, regression analysis showed
CD8/CD28/ cell subset. In the current study, we found athat age, race, and antiretroviral drug use did not alter the cell
significant decrease in T cell–expressed CD28 antigen in thesurface marker results, and G-CSF use reduced the differences

in some mononuclear subset measurements between patients HIV-infected patients with CMV retinitis, compared with HIV-
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infected controls. This loss of CD28 antigen was mainly ob- a loss of CD8/ cytotoxic T cells with down-regulation of CD28
and LFA-1 antigens (a change that leads to an ineffective cyto-served in the CD8/ population of T cells, suggesting that loss

of the costimulatory molecule may result in a less effective toxic response to virus-infected cells) contributes to an in-
creased risk for CMV retinitis. Screening of HIV-infected pa-cytotoxic/suppressor response to CMV-infected cells. The

greater loss of CD28 antigen expression might also explain the tients with CD4/ cell countsõ0.0501 109/L, CD8/ cell counts
õ0.500 1 109/L, and low numbers of CD8/CD28/ andpoorer proliferative responses of T cells isolated from HIV-

infected persons with CMV retinitis compared with responses CD8/LFA-1 cells might better identify patients at risk of CMV
retinitis. Such patients may benefit from primary prophylaxisof T cells from HIV-infected persons without CMV retinitis

[10]. Factors other than CD28 antigen expression may also for CMV disease.
Finally, successful adoptive immunotherapy for human viralcontribute to the poorer lymphoproliferative responses ob-

served in vitro. For example, ganciclovir, acyclovir, and zido- infections requires an understanding of immune mechanisms
essential for providing the host with a protective response. Thevudine each have been reported to inhibit lymphocyte prolifera-

tion in vitro [11]. Furthermore, CMV infection itself has been observed changes in the cytotoxic cell subset profile in AIDS
and CMV retinitis may also help to develop more virus-specificreported to have immunosuppressive effects, manifested by a

decreased lymphoproliferative response after mitogen stimula- T cell subsets for adoptive therapy for CMV disease [15].
tion and by decreased cytolytic T cell and NK cell activity.
However, lymphocytes are usually nonpermissive for CMV

Acknowledgmentsinfection, so a direct immunosuppressive effect of the virus at
the T cell level is unlikely. We thank Gordan Weigand for expert instructions given in the

Interactions between LFA-1 and intercellular adhesion mole- use and running of the flow cytometer and Diane Griffin for the
use of her neurovirology laboratory.cule 1 contribute to the activation of the T lymphocyte and

can augment cytotoxicity of virus-specific CD8/ cells [12]. In
the current study, HIV-infected patients with CMV retinitis
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Human Immunodeficiency Virus RNA Levels in US Adults: A Comparison
Based upon Race and Ethnicity

Arthur E. Brown, John D. Malone, Susan Y. J. Zhou, Combined Military Diagnostic Retrovirology Service, Walter Reed Army
Institute of Research, Henry M. Jackson Foundation, and SRAJames R. Lane, and Clifton A. Hawkes

Technologies, Rockville; National Naval Medical Center, Bethesda,
Maryland; Walter Reed Army Medical Center, Washington, DC

Volunteers in a natural history study of human immunodeficiency virus type 1 (HIV-1) at two
military medical centers were studied to determine whether plasma HIV-1 RNA levels differ among
racial and ethnic groups of US adults infected with HIV-1. Cross-sectional analyses of plasma
HIV-1 RNA and CD4 cell counts were done using demographic and clinical data collected during
study visits. Age, gender, CD4 cell count, seroconversion status, and use of antiretroviral therapy
were studied in 545 military members (46% white, 49% black, and 6% Hispanic). No association
was found between HIV-1 RNA levels and race or ethnicity among infected adults for whom access
to care and socioeconomic status were not confounding factors.

Minority groups within the United States are affected dispro- hemophilia and homosexual cohorts have shown that the level
of HIV-1 RNA circulating in the serum or plasma is a predictorportionately by the human immunodeficiency virus type 1

(HIV-1) epidemic. In the most recent national report of leading of time to development of AIDS and to death [5, 6]. Whether
virus load (circulating RNA level) differs among racial andcauses of death, the ratio of age-adjusted death rates related to

HIV-1 infection is 4:1 for black versus white persons [1]. Since ethnic groups is unknown, and virus load may affect the rate
of disease progression.1991, AIDS has been the leading cause of death for black and

Hispanic men and black women 25–44 years old [2]. A number The factors confounding most comparisons of racial and
ethnic groups in the United States are equalized within theof studies have found that survival time for persons with AIDS

differs among racial groups [3], and a recent article suggests military system. Quality health care is accessible to all mem-
bers. More specifically, HIV-1 screening and patient manage-that CD4 cell count decline varies with race [4]. However,

such comparisons are generally confounded by socioeconomic ment are carried out according to standardized policies [7].
A long-term study of the natural history of HIV-1 infectionfactors and unequal access to health care. Analyses of both
established by the US Department of Defense (DoD) has en-
rolled approximately equal numbers of white and black volun-
teers and a smaller number of Hispanic volunteers [8]. As part

Written informed consent was obtained from all study subjects, and human of this study, HIV-1 RNA quantitation in plasma was initiated
experimentation guidelines of the US Department of Defense, Walter Reed

in 1995 through a single central laboratory. Herein we reportArmy Medical Center, and the National Naval Medical Center were followed
in the conduct of this research. on an analysis that was based on results of the initial year of

Financial support: US Army Medical Research and Materiel Command; testing. The analysis addresses the hypothesis that differences
Henry M. Jackson Foundation for the Advancement of Military Medicine

in HIV-1 virus load may be associated with race.(cooperative agreement no. DAMD17-93-V-3004).
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Study participants were recruited from among volunteers en-
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0022–1899/97/7603–0039$02.00 HIV-1 infection in members of the US military. Inclusion criteria
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were a first RNA measurement during the study period (August ies/mL, 42%–45% were 10,000 to õ100,000 copies/mL, and
1995 to August 1996), documented CD4 cell quantitation within 20%–23% were §100,000 copies/mL (P Å .97).
7 days of RNA specimen collection, and racial or ethnic grouping CD4 cell counts represented the full spectrum: 14% were
as non-Hispanic white, non-Hispanic black, or Hispanic. õ50 cells/mL, 17% were 50–199 cells/mL, 48% were 200–

Blood was collected during routine clinical visits to either the 499 cells/mL, and 22% were§500 cells/mL. CD4 cell distribu-
National Naval Medical Center or the Walter Reed Army Medical

tion was not associated with racial or ethnic classification (P
Center. Anticoagulated whole blood specimens were drawn in the

Å .62). RNA values and CD4 cell counts were negativelymorning and delivered by courier to a central laboratory (SRA
correlated for the whole cohort (rS Å 0.54, P õ .001) and forTechnologies, Rockville), where plasma was separated and frozen
each racial group. RNA levels (mean { SD) are shown for(0707C) within 6 h of collection.
each stratum of CD4 cell count in figure 1, and again valuesHIV-1 RNA was quantitated in plasma with a commercial re-

verse transcriptase–polymerase chain reaction (RT-PCR) assay were found to be independent of racial or ethnic group (in each
which utilized internal controls of amplification efficiency (Ampli- CD4 cell count stratum, P § .13).
cor HIV Monitor test; Roche Molecular Systems, Branchburg, NJ). No association was found between RNA levels and age,
Batched specimens were thawed, and RNA was extracted from the gender, HIV-1 seroconversion status, or branch of service. Pa-
plasma and assayed according to the manufacturer’s instructions by tients who had received prior antiretroviral chemotherapy
technicians certified in the procedure. tended to have higher plasma RNA levels than those previously

CD4 cell numbers were calculated from the CD3CD4 cell per-
untreated (median, 4.5 vs. 4.0 log RNA copies/mL; P õ .001),

cent as determined by flow cytometry, and the absolute lymphocyte
consistent with the greater likelihood that patients with morecount was calculated from the complete blood cell count. The flow
advanced stages (and lower CD4 cell counts) of disease wouldcytometry laboratories in both hospitals were active participants
have been treated. When RNA level was plotted against timein the DoD flow cytometry quality assurance program [9] and
since seroconversion (midpoint between last negative and firstalso received proficiency testing from the College of American

Pathologists. positive HIV-1 test) for the 110 participants with documented
Data from all patients in the natural history study were entered seroconversion (known£2-year interval from HIV-1–negative

into a central computerized database that is secure and without to HIV-1–positive status), no race- or ethnicity-related differ-
patient identifiers. The subset of individuals studied here for RNA ences were observed.
level were analyzed for age, sex, military service, use of antiret-
roviral drugs, and CD4 cell count (1 week before or 1 week after
RNA measurement). Analysis of documented recent seroconver- Discussion
sion was defined by a negative HIV-1 serology in the prior 2 years.

In this cross-sectional study of 545 US adults with HIV-RNA quantitation results were log-transformed for analyses,
1 infection, plasma RNA values ranged from undetectable toincluding x2 tests for comparison of categorical HIV-1 RNA or
§2,000,000 copies/mL. Since the study group consisted of simi-CD4 cell counts among racial groups. Nonparametric Kruskal-
lar numbers of white (46%) and black (49%) subjects, HIV-1Wallis tests for continuous HIV-1 RNA and CD4 cell values were

done, and Spearman’s correlation coefficient was used to measure RNA values could be compared by group with confidence. No
the correlation between HIV-1 RNA and CD4 cell counts. race- or ethnicity-related difference was found in plasma RNA

levels. Furthermore, although making up only 6% of the total
study group, Hispanic subjects had RNA levels no different than

Results
those for members of the larger groups. The similarity in plasma
RNA levels was found after controlling for CD4 cell count, usePlasma specimens were analyzed from 545 persons during

the 12-month study period (table 1). Of this group, 249 (46%) of antiviral drugs, and time since seroconversion. These findings
are consistent with our previous report that HIV-1 antigenemiaof the participants were white, 265 (49%) were black, and 31

(6%) were Hispanic. Of these people, 92% were male, 55% does not differ by racial group [10].
The RT-PCR assay used to quantitate RNA reportedly giveswere õ35 years of age, and 72% and 28% were seen at the

naval and army medical centers, respectively. Recent serocon- low values for HIV-1 subtypes A and E [11]. While infection
with a non-B subtype of HIV-1 has been documented in 5version (within 2 years of negative HIV-1 serology) was docu-

mented in only 19% of those studied. Antiretroviral drug ther- servicemen [12], most infections appear to be acquired within
the United States [13] and therefore are presumed to be subtypeapy had been given to 71% of the cohort. Analysis of these

variables revealed no racially associated differences (table 1). B. A method for determining HIV-1 serotype or subtype in
newly seroconverted persons is being developed for inclusionThe mean { SD HIV-1 RNA value for the 545 subjects was

4.30 { 0.85 log RNA copies/mL. The mean RNA values for in the DoD HIV-1 surveillance program.
The prognostic value of HIV-1 RNA levels has been shownwhite persons, black persons, and Hispanic persons did not differ

significantly (table 1; P Å .83). RNA results ranged from õ200 in cohort studies with ú10 years of follow-up data [5, 6], and
assessment of this predictor in different racial and ethnic groupsto 2,162,208 copies/mL. The distribution of results within each

racial and ethnic group was similar: 7%–9% of RNA values is similarly important. Comparisons among groups tend to be
confounded by differences in such factors as behavioral risks,wereõ1000 copies/mL, 26%–28% were 1000 toõ10,000 cop-

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



796 Concise Communications JID 1997;176 (September)

Table 1. Characteristics of 545 subjects in the Department of Defense HIV natural history study,
grouped by racial or ethnic group.

White Black Hispanic
Characteristic (n Å 249) (n Å 265) (n Å 31) P

RNA (log copies/mL) 4.30 { 0.85 4.29 { 0.86 4.41 { 0.83 .83
Male 92 91 100 .20
Age õ35 years old 53 57 45 .43
Medical center attended

Walter Reed 23 32 29 .08
National Naval 77 68 71

HIV status
Preexisting infection 80 81 90 .40
Documented seroconversion 20 19 10

Antiviral treatment
Ever received 73 69 71 .61
Never received 27 31 29

CD4 cell count (cells/mL) 346 { 294 358 { 260 325 { 191 .71

NOTE. Data are % subjects or mean { SD.

socioeconomic status, and access to medical care. Because of predict clinical outcome, these data suggest that members of
different racial and ethnic groups will experience disease pro-equal access to health care, similarities in economic status, and

exposure to standardized education programs for behavioral gression at similar rates. To the extent that infectiousness is
associated with levels of HIV-1 RNA in the blood [14], trans-modification, racial and ethnic groups within the military pro-

vide a more accurate basis for comparison. mission risk per exposure should also be independent of race
and ethnicity. This study provides no data on levels of viremiaThese results have implications concerning prognosis, trans-

missibility, and patient therapy. To the extent that RNA levels during acute infection; comparative infectiousness during the

Figure 1. HIV-1 RNA levels in plasma
from adult subjects participating in the US
military’s study of the natural history of
HIV-1 infection, grouped by race or eth-
nicity and CD4 cell count. Data are pre-
sented as median (l), with bar spanning
10th–90th percentiles.
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Serum Levels of Human Immunodeficiency Virus Type 1 (HIV-1) RNA after
Seroconversion: A Predictor of Long-Term Mortality in HIV Infection

Kevin J. P. Craib, Steffanie A. Strathdee, Robert S. Hogg, British Columbia Centre for Excellence in HIV/AIDS; Departments of
Health Care and Epidemiology and of Medicine, University of BritishBarbara Leung, Julio S. G. Montaner,

Columbia and St. Paul’s Hospital, Vancouver, CanadaMichael V. O’Shaughnessy, and Martin T. Schechter

A cohort of 79 homosexual men with documented dates of human immunodeficiency virus type
1 (HIV-1) seroconversion and baseline CD4 cell counts of §500/mL were followed for up to 11.5
years. HIV-1 RNA was measured from stored sera obtained a median of 7 months after the estimated
seroconversion date. AIDS progression and mortality among the men were studied, stratified by
median baseline levels of HIV-1 RNA. AIDS progression rates at 11.5 years were 69% and 34%,
respectively, among those with higher versus lower than median baseline virus loads (§3040 copies/
mL; P Å .002), and mortality rates were 61% and 27%, respectively (P Å .003). Survival curves
continued to diverge throughout the 11.5 years, suggesting that the future clinical course of HIV-1
infection may already be determined at the earliest phases of disease. Initiation of definitive treat-
ment very early in HIV-1 infection may be essential.

and 1984 from six general medicine practices [6]. The men wereMuch evidence has been gathered recently about human immu-
HIV-1–negative at enrollment and seroconverted between 1983nodeficiency virus type 1 (HIV-1) RNA as a prognostic marker
and 1991 (median follow-up: 9 years). Follow-up visits occurredin people infected with HIV-1 [1–5]. These studies have demon-
biannually until 1986 and annually thereafter. At each visit, partici-strated the value of early HIV-1 RNA levels as predictors of
pants completed a self-administered questionnaire and a functionalshort-term clinical progression in seroconverted persons [2], of
inquiry and underwent a physical examination. Blood specimens

baseline HIV-1 RNA levels as predictors of longer-term clinical
collected for HIV-1 antibody and laboratory testing were also cryo-

progression and mortality in seroprevalent persons [1], and of preserved (0207C). A total of 79 men for whom stored sera were
treatment-induced decreases in HIV-1 RNA as markers of thera- available from the first HIV-1 antibody–positive (baseline) visit
peutic efficacy [5]. Some of these findings have been replicated and who had baseline CD4 cell counts §500/mL were eligible for
using serum [4]. To our knowledge, no study has investigated analysis.

HIV-1 RNA was extracted from each serum sample. Reversethe value of early HIV-1 RNA levels in predicting long-term
transcriptase polymerase chain reaction was done using the Ampli-progression and mortality in recently infected persons with CD4
cor HIV Monitor Kit (Roche Molecular Systems, Branchburg, NJ),cell levels ú500/mL. We are currently investigating the relation-
which measures RNA over a range of 200 to 1 million or moreship between early decreases in virus load and long-term mortality,
copies/mL. CD4 lymphocyte counts and clinical symptoms associ-seeking evidence to support very early intervention. We present
ated with acute retroviral illness (e.g., fever, diarrhea, night sweats)preliminary findings on the relationship between baseline serum
were determined during the baseline visit.

HIV-1 RNA levels and AIDS progression and mortality in 79
Survival analysis was used to study the relationships between

homosexual men with documented dates of HIV-1 seroconversion baseline serum RNA, time to primary AIDS diagnosis, and time
and baseline CD4 cell counts §500 cells/mL who were followed to AIDS-related death. The starting point for these analyses was
for up to 11.5 years. the estimated date of seroconversion, defined as the midpoint be-

tween the last negative and first positive antibody test. Event-free
Materials and Methods men were censored at 30 June 1996. Kaplan-Meier survival curves

We studied a subgroup of homosexual men in the Vancouver for progression to AIDS and death, stratified by median RNA
Lymphadenopathy-AIDS Study who were recruited between 1982 values, were generated. Cox regression models were used to assess

the independent effect of baseline RNA virus load on AIDS-related
mortality, adjusting for demographic variables, subsequent antiret-

Received 30 October 1996; revised 27 March 1997. roviral treatment, early symptoms, and length of time since sero-
Preliminary results presented: XI International Conference on AIDS, Van- conversion.

couver, Canada, July 1996.
The study received prior ethical approval from the University of British

Columbia, and informed consent was obtained from all participants.
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HIV-1 RNA levels were similar for men for whom the time have used overall survival as the outcome and others have used
recently infected men, none to our knowledge has establishedbetween the estimated date of seroconversion and the date of

specimen collection was greater than or less than 7 months. A the value of HIV-1 RNA levels determined soon after infection
in predicting survival over an 11-year period. Mellors et al.total of 36 men (46%) received a primary AIDS diagnosis; 31

(39%) died during the follow-up period. [2] showed that plasma levels of HIV-1 RNA after seroconver-
sion were strong predictors of CD4 cell decline and AIDSKaplan-Meier curves for HIV-1 survival stratified by base-

line RNA median values are shown in figure 1. The product progression, but this was limited to the first 5 years following
infection.limit estimate of cumulative mortality at 11.5 years was 61%

among men with high baseline virus loads and 27% among We found that in the first stages of HIV infection, as early
as only 7 months (median) following seroconversion in menthose with low baseline values (P Å .003). Very similar curves

were obtained when AIDS-free survival was stratified by me- with CD4 cell counts §500/mL, higher virus load was associ-
ated with a 3-fold increase in risk of death over the subsequentdian RNA level (data not shown). The product limit estimate

of AIDS progression was 69% at 11.5 years among men with 11 years. Moreover, analysis showed that this was not a short-
term effect occurring only in the period soon after CD4 cellhigh baseline virus loads and 34% among those with low virus

loads. Men who had seroconverted with high virus loads measurement, but rather that the elevation in risk continued
throughout the 11 years of follow-up. These observations ledwere more than twice as likely to progress to AIDS during

follow-up (P Å .002). to a number of hypotheses. The first is that early virus load
provides an indirect measure of early total virus burden and ofThe mortality risk ratio for baseline HIV-1 RNA level indi-

cated that the risk of death was 3.2 times higher (95% confi- the degree to which initial infection seeds the various reservoirs
with HIV-1. Alternatively, differences in early virus load maydence interval [CI]: 1.5–6.7; P Å .004) for men with baseline

RNA values above the median after adjustment for baseline reflect different host-agent interactions that will continue
throughout the course of infection and which, as suggested byCD4 cell count. Baseline CD4 cell count did not attain conven-

tional statistical significance in this model, but men whose CD4 Ho [7], determine the equilibrium point at which the host and
virus settle after the initial viremia. Baseline samples fromcell counts were below the median (769/mL) had a mortality

risk ratio of 1.8 (95% CI: 0.9–3.7; P Å 0.10). most patients in the present study were taken several months
after seroconversion and likely already reflected steady-state
levels.

Discussion
We used stored sera, and it is possible that some degradation

of RNA occurred. Moreover, the samples were obtained fromOur data confirm the results of other studies that have shown
that a single determination of HIV-1 RNA in plasma [1–3, 5] patients in very early stages of HIV-1 infection; some may

even have been obtained during the acute retroviral illness.or serum [4] is a strong predictor of progression to AIDS and
death in HIV infection. However, while some of these studies However, we did not find a difference in HIV-1 RNA levels

Figure 1. % survival among 79
HIV-1–infected men with docu-
mented dates of seroconversion and
baseline CD4 cell counts of §500/
mL, stratified by median serum RNA
level.
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among subjects for whom the interval since the estimated date results on long-term effects or will take many years to complete
if they do. In the meantime, observational data from archivedof infection was above the median and those for whom the
cohort studies can be useful. We are currently investigat-interval was below the median, and adjustment for the length
ing whether early decreases in virus load are associated withof the interval did not affect the model. Nevertheless, use of
slower progression and longer survival over the same 11-yearsera (as opposed to plasma), possible loss of RNA, and early
follow-up.sampling might have caused some misclassification of virus

load, which could have attenuated the estimates of risk. The
elevation in mortality risk that would be observed if plasma References

was sampled at precisely the same time following infection 1. Mellors JW, Rinaldo CR Jr, Gupta P, White RM, Todd JA, Kingsley LA.
would likely be higher. The fact that baseline CD4 cell counts Prognosis in HIV-1 infection predicted by the quantity of virus in

plasma. Science 1996;272:1167–70.did not attain statistical significance as independent predictors
2. Mellors JW, Kingsley LA, Rinaldo CR Jr, et al. Quantitation of HIV-1is not surprising, given that subject selection was restricted to

RNA in plasma predicts outcome after seroconversion. Ann Intern Med
men with CD4 cell counts §500/mL; thus, our ability to detect 1995;122:573–9.
associations would be constrained. 3. Saksela K, Stevens CE, Rubinstein P, Taylor PE, Baltimore D. HIV-1
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4. O’Brien TR, Blattner WA, Waters D, et al. Serum HIV-1 RNA levels and
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RNA and CD4/ lymphocyte counts and the risk of progression to AIDS.data confirm or refute this. However, an association between
N Engl J Med 1996;334:426–31.

high early virus load and subsequent mortality does not neces-
6. Schechter MT, Craib KJP, Le TN, et al. Progression to AIDS and predictors

sarily mean that lowering the early virus load will lower long- of AIDS in seroprevalent and seroincident cohorts of homosexual men.
AIDS 1989;3:347–53.term mortality. O’Brien et al. [5] have shown a beneficial effect

7. Ho DD. Viral counts count in HIV infection. Science 1996;272:1124–5.of lowering virus load on clinical progression in more advanced
8. Ho DD. Editorial: time to hit HIV, early and hard. N Engl J Med 1995;HIV infection, while Kinloch-de Loës et al. [9] have demon-
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and ritonavir in 12 subjects newly infected with HIV-1 [abstract
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on AIDS Society, 1996.small trials of aggressive early therapy either will not provide

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



801

Dynamic Features of Human Immunodeficiency Virus Type 1 (HIV-1) Viremia:
Kinetics of Cell-Free HIV-1 RNA after Therapeutic Plasma Exchange

Patrizia Bagnarelli, Marco Candela, Anna Valenza, Istituto di Microbiologia, Istituto di Clinica Medica, and Centro
d’Immunologia Clinica, Università di Ancona; Dipartimento di ScienzeAldo Manzin, Laura Solforosi, Francesca Mazzola,

Biomediche, Università di Trieste, ItalyLuca Butini, Maria Montroni, Armando Gabrielli,
Pietro E. Varaldo, and Massimo Clementi

To gain insight into the variables that influence the dynamics of human immunodeficiency virus
type 1 (HIV-1) viremia levels, HIV-1 RNA molecules were quantified in plasma from an infected
patient undergoing therapeutic plasma exchange (TPEx). After each TPEx procedure (2000 mL of
fluid exchanged per session), HIV-1 genome molecule levels dropped to 58%–63% of the basal level
but rapidly reverted to pre-TPEx values (doubling time Å 3.50–4.04 h). Of interest, mobilization
of extravascular cell-free virions (on average, 5.15 1 104 viral genome molecules/h) had already
occurred during TPEx. After three daily TPEx procedures, HIV-1 viremia rebounded to basal values,
while HIV-1 proviruses and viral transcripts in peripheral blood lymphocytes constantly tested at
stable levels. Overall, this study extends previous analyses of the rate of HIV-1 turnover, using an
alternative approach to the use of antiretroviral drugs, and it provides, albeit indirectly, insights
into the amount and dynamic features of extravascular cell-free virus.

The availability of molecular methods and strategies to as- of virions by three consecutive daily plasmapheresis procedures
(therapeutic plasma exchange [TPEx]).sess virus load in vivo has opened new prospects for the under-

standing of the natural history of human immunodeficiency
virus type–1 (HIV-1) infection [1, 2]. At present, these meth-

Materials and Methodsods are of crucial help in pathogenic research and in clinical
applications, including diagnosis, prognosis, and monitoring of The patient, a 63-year-old woman with an HIV-1–seropositive
specific antiviral therapies [3, 4]. Recent research has indicated male sex partner, was known to be infected since October 1993.
that HIV-1 infection is a highly dynamic process [5, 6], with At the time of this study, the patient’s disease was, according to
the turnover of infected cells and circulating virions being quite the Centers for Disease Control and Prevention classification sys-

tem, class B3 [10]: she had 196 CD4/ T cells/mm3 of blood andrapid during all phases of infection [7]. A steady-state level of
had peripheral neuropathy due to a concurrent mixed cryoglobu-cell-free virus in plasma is generally maintained for years, virus
linemia associated with hepatitis C virus infection. TPEx was doneclearance being balanced by virus production [1]. Although
to treat neurologic complications of the disease.this steady-state level varies from patient to patient [8], a recent

The separator used in this study (Autopheresis-C Therapeuticstudy has suggested that a single measurement of virus load
Plasma system; Baxter, Nivelles, Belgium) was equipped with a

can predict disease progression [9]. In this context, studies
centrifugation system that allowed cells to be separated from

aimed at improving our understanding of the variables that plasma, while the contamination of plasma by cells was prevented
define or influence the dynamic features of HIV-1 viremia are by filtration. The separator had a 53-mL disposable set of extracor-
of central importance for the correct evaluation of the data poreal volume; fluid balance during the process was maintained
obtained by monitoring infected patients. For this reason, we by a system of three electronic scales, which allowed continuous
analyzed cell-free HIV-1 RNA levels in plasma samples from blood-flow processing and simultaneous readjustment of plasma

volume with replacement fluids. The volume of fluid exchangedan infected patient before and after removal of large amounts
in each 2-h TPEx procedure was 2000 mL, as estimated on the
basis of the patient’s weight (42 kg) and hematocrit: circulating
blood volume Å patient’s weight in kg 1 70 mL; circulating
plasma volume Å circulating blood volume 1 1.0 0 (hematocrit

Received 13 November 1996; revised 2 April 1997. as decimal 1 0.91) [11]. The 2000 mL of fluid that were removed
The patient gave informed consent before the therapeutic plasma exchange in each session were replaced with 500 mL of 0.9% NaCl and

procedure was done.
1500 mL of albumin, 5%, plus anticoagulant (sodium citrate andFinancial support: Italian Istituto Superiore di Sanità (8th and 9th Progetto
citric acid). In the three TPEx procedures, 59%, 55%, and 58% ofAIDS) (930439 and 940333 to M. Clementi and 9304-27 and 9403-24 to L.

Butini); International Foundation for Molecular Biology and Biotechnology plasma volume were exchanged, respectively.
(fellowship award to L. Solforosi). Sequential plasma samples were collected before TPEx (022,

Reprints or correspondence: Dr. Patrizia Bagnarelli, Institute of Microbiol- 016, 010, 03.5, and 0 h), at short intervals after each TPExogy, University of Ancona, via Pietro Ranieri, I-60100 Ancona, Italy.
session (treatments were done at 0, 24, and 48 h), and once daily

The Journal of Infectious Diseases 1997;176:801–4
for 4 days after the last session. To determine the amount of cell-q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0041$02.00 free virus subtracted in each session, the fluid collected with each
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TPEx was measured, and aliquots were analyzed. Plasma samples
were centrifuged (1300 g for 10 min) to clear platelets and cell
debris; afterward, viral RNA was purified using a previously de-
scribed single-step procedure [12]. Specific HIV-1 RNA copy
numbers were determined by use of quantitative competitive re-
verse transcriptase polymerase chain reaction, following a pre-
viously described procedure [8, 12, 13].

Results

The dynamics of HIV-1 viremia from 022 to 0 h before
each TPEx procedure, shortly after each TPEx procedure, and
during the 4 days following cycle completion are shown in
figure 1A, and the HIV-1 p24 antigen levels are shown in figure
1B. To assess the range of circadian fluctuation of plasma
viremia and to prevent it from influencing the analysis of virus
load shortly after treatment, the basal level was determined
four times before the first TPEx session (i.e., at 022, 016,
010, and 03.5 h). The average basal level of HIV-1 RNA
molecules was 5.23{ 0.861 105 (coefficient of variation [CV]
Å 16%)/mL of plasma. The quantitative data supply a kinetic
picture of the cell-free virus load observed during the study
(figure 1A). HIV-1 RNA copy numbers evaluated at the begin-
ning of each TPEx procedure (0, 24, and 48 h) were 5.75, 6.23,
and 5.50 1 105, respectively. After an initial drop to 63%,
60%, and 58%, respectively, due to TPEx, pretreatment levels
of HIV-1 RNA molecules in plasma were rapidly restored;
some were even higher at some time points. Figure 2 shows
the variations of HIV-1 copy numbers in plasma shortly after Figure 1. Time course of HIV-1 RNA molecules (A) and HIV-1
each TPEx procedure. Linear regression was used to obtain the p24 antigen (Ag) (B) in plasma before and after therapeutic plasma
best fit for four data points (i.e., variations in viremia levels exchange (TPEx). HIV-1 RNA copy nos. were determined by use

of quantitative competitive reverse transcriptase polymerase chainobserved immediately after TPEx (time 0) and 1, 2, and 3 h
reaction; p24 Ag was quantified after dissociation of immune com-after treatment, with the last time point considered being that
plexes, using routine reagents from du Pont de Nemours (Wilmington,

which fell within {10% of the pretreatment level. The best DE), according to manufacturer’s instructions. Arrows indicate begin-
function modeling the initial increase in plasma viremia was ning of each 2-h TPEx procedure. Unspliced (US) and multiply
exponential (see legend to figure 2), and the slope of each spliced (MS) viral transcript molecules and proviral HIV-1 DNA were

assayed at 0, 14, 24, 48, and 72 h in peripheral blood mononuclearcurve represents the rate of exponential increase. Thus the
cells (PBMC) (for quantitative methods of different classes of HIV-doubling time (T2) of HIV-1 RNA copy numbers after each
1 transcripts, see [13]). Cellular parameters remained substantially

TPEx session was 3.50, 3.52, and 4.04 h, respectively, as deter- stable throughout study: Proviral HIV-1 DNA averaged 150 mole-
mined by dividing natural logarithm, ln(2), by the slope. cules/2 1 105 PBMC (SD Å 19.3; coefficient of variation [CV] Å

After the three TPEx procedures, HIV-1 RNA copy numbers 12.9%), US HIV-1 transcripts averaged 645 molecules (SD Å 46.1;
CV Å 7.2%), and MS transcripts averaged 33 molecules/2 1 105

averaged 7.2 { 2.0 1 105 molecules/mL, as evaluated at 72,
PBMC (SD Å 11.2; CV Å 34.4%).96, 120, and 144 h (CV Å 27.9%), and were on average 38%

higher than the mean pre-TPEx level. Finally, the amount of
HIV-1 RNA molecules in the 2000 mL of fluid collected during cation is very high in lymphoid tissues [14]. Under these condi-
each TPEx procedure was 9.1, 4.6, and 6.0 1 108 in the three tions, the level of plasma HIV-1 viremia reflects, at any time
daily treatments, respectively. point, the dynamics of virions replicating in circulating cells

and of those diffusing from the extravascular compartment,
including the contribution of virions arriving into the blood viaDiscussion
the lymphatic drainage system. The data shown here, indicating
that the extravascular compartment of cell-free virions is orAlmost all untreated subjects with HIV-1 infection show

detectable levels of cell-free virus in plasma. Most HIV-1 viri- tends to be in balance with the plasma viremia level (and can
promptly restore the pre-TPEx equilibrium), provide indirectons are produced during continuous cycles of de novo infection,

replication, and cell turnover [1], and the degree of virus repli- insight about the amount of extravascular virions.
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the study shows that repeated mechanical depletion of 37%–
42% of cell-free HIV-1 in plasma does not significantly affect
the continuous cycles of de novo infection and virus replication,
since no significant modifications of HIV-1 proviral DNA and
transcript levels were observed (see legend to figure 1) in pe-
ripheral blood lymphocytes during this study.

Overall, the present study describes the dynamics of HIV-1
plasma viremia after removal of virions. In previous studies
[5, 6], HIV-1 turnover was analyzed in vivo using specific
anti–HIV-1 compounds. Indeed, perturbation of HIV-1 viremia
levels with TPEx represents a more direct procedure for the
analysis of viral dynamics than does examination of the effect
of antiretroviral therapy, since the latter requires absorption
and cellular processing of drug to be effective. While the results
shown here are in agreement with previous evidence [1, 5–7]
indicating that the turnover of circulating virions is a highlyFigure 2. Variations of HIV-1 RNA molecules in plasma following
dynamic process in HIV-1 infection, they also extend the analy-therapeutic plasma exchange (TPEx). Viremia levels immediately be-
sis of HIV-1 dynamics, using a different approach, and indicatefore and immediately after each 2-h TPEx session (time 02 and 0)

are shown for first (l), second (j), and third (m) treatments. Increases that a large proportion of cell-free virions is present in extravas-
in viremia levels were observed shortly after each session, and viral cular fluids during HIV-1 infection and tends to be in balance
load reverted to pre-TPEx values within 3 h. Dynamics of viremia

with plasma viremia at any time point.increased after each TPEx procedure (from time 0 to 3) and were
followed by exponential trend (y Å arebx, where a is intercept on y
axis at time 0, b is slope, and e is Nepero’s no.). Equations for 3
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Human Immunodeficiency Virus Type 1 Dynamics in Different Lymphoid Tissue
Compartments

Alain Lafeuillade, Cécile Poggi, Catherine Tamalet, Department of Infectious Diseases, Laboratory of Molecular Biology,
General Hospital, Toulon,and Laboratory of Virology, Universityand Nérina Profizi

Hospital, Marseille, France

Human immunodeficiency virus type 1 (HIV-1) RNA was measured in total lymph node (LN)
tissue and isolated LN mononuclear cells (LNMC) in sequential LN biopsy samples from 1 patient
with primary HIV-1 infection and from 5 previously untreated patients with chronic disease. HIV-
1 RNA levels were an average of 210-fold higher in total LN tissue compared with levels in LNMC,
even during primary infection, when circulating antibodies were absent. After the patients were
treated with a three- or four-drug regimen, total HIV-1 RNA decreased exponentially in total LN
tissue and in LNMC (mean half-lives of 8.5 { 1.8 and 7.9 { 2.2 days, respectively). In addition,
the evolution of the infectious virus in LNMC was analyzed for the 5 patients with chronic disease:
Titers decreased, with a mean half-life of 7.5{ 2.3 days. Extracellular virions are the most important
virus compartments in LNs; however, they exhibit the same dynamics as virions situated in LNMC,
with a mean virus decay half-life of Ç1 week.

In the past few years, high levels of human immunodefi- cal LN biopsies were done over the 4 months following the
initiation of combined antiretroviral therapy.ciency virus type 1 (HIV-1) turnover have been demonstrated

in blood [1–3], and lymph nodes (LNs) have been character-
ized as the major virus reservoir [4, 5]. Because it remains

Patients and Methodsdifficult to obtain sequential LN biopsies in clinical practice,
little is known about the dynamics of HIV-1 in these organs.

Population. A 30-year-old woman with primary HIV-1 infec-Using the same approach used for studying viral kinetics in
tion was treated with a combination of zidovudine (200 mg three

plasma, with an antiretroviral combination to perturb the steady
times a day), didanosine (200 mg two times a day), and lamivudine

state [1, 2], we previously found in 4 patients that the half-life (150 mg two times a day). In the first 3 months after beginning
of HIV-1 RNA decrease was 6.01 { 3.44 days [6]. Those therapy, she had three LN biopsies. In addition, 5 treatment-naive
patients were receiving a combination of zidovudine, didano- patients (mean age, 32 { 6 years) with chronic HIV disease and
sine, and lamivudine and had four LN biopsies (done with a CD4/ T cell counts of 50–500 x 106/L received a combination of

zidovudine (200 mg three times a day), didanosine (200 mg twolarge needle; one just before treatment and three in the 3 weeks
times a day), lamivudine (150 mg two times a day), and saquinavirfollowing initiation of treatment).
(600 mg three times a day). Ketoconazole (200 mg two times aHIV-1 is present not only in LN mononuclear cells (LNMC)
day) was systematically added to this regimen to increase bloodbut also as immune complexes at the surface of the dendritic
levels of saquinavir.cells [4, 5, 7]. To further characterize the evolution of HIV-1

LN biopsies. Surgical biopsy of a superficial LN was doneRNA in total LN tissue and in isolated LNMC, we determined
under local anaesthetic before therapy and was repeated 2–4 times

levels of HIV-1 RNA over time in a group of 6 patients. Surgi-
in the following 4 months.

LN HIV-1 burden. One-third of each LN biopsy sample was
used to measure total tissue HIV-1 RNA as previously described
[6]. In brief, total LN tissue was lysed by incubation with RNA-
B (Bioprobe Systems, Montreuil sous Bois, France), which shouldReceived 29 January 1997; revised 4 April 1997.
extract all HIV-1 RNA. The RNA was diluted 1/100, and the liquidThe therapeutic trials were approved by the local Ethics Committee, and

patients gave their written informed consent before therapy and lymph node phase was used as plasma sample in a polymerase chain reaction
biopsies. (Amplicor HIV-1 Monitor; Roche Diagnostic Systems, Neuilly sur

Reprints and correspondence: Dr. A. Lafeuillade, Unité d’Infectiologie, Hôpi-
Seine, France). The absence of contaminating DNA was checkedtal Chalucet, F-83056 Toulon, France.
by polymerase chain reaction without performing a reverse tran-

The Journal of Infectious Diseases 1997;176:804–6
scription. The results were expressed in relation to cell number,q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0042$02.00 as calculated by measuring the optic density of LN genomic DNA.
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The number of cells was inferred from the total amount of genomic
DNA, using a standard curve established with known numbers of
peripheral blood mononuclear cells. Two-thirds of each LN sample
was cut with a scalpel, and the cells were teased out in RPMI
1640 and subjected to gradient centrifugation using lymphocyte
separation medium (Eurobio, Les Ulis, France). Some of the
LNMC were cocultivated with peripheral blood mononuclear cells
from healthy donors to measure the infectious HIV-1 titer [8, 9].
Others were analyzed for LNMC HIV-1 RNA levels. RNA was
extracted with RNA-B from a pellet of 106 cells, and the Amplicor
HIV-1 Monitor (Roche) was used for quantitation.

Statistical analysis. The evolution of HIV-1 infectious levels
and of HIV-1 RNA levels was analyzed by use of linear regression.

Results

The patient with primary HIV-1 infection was seronegative
by third generation ELISA (Abbott, Abbott Park, IL) and West-

Figure 2. Decrease over time in titers of infectious HIV-1 in iso-ern blot (HIV blot 2.2; Diagnostic Biotechnology, Singapore)
lated lymph node mononuclear cells in 5 patients receiving 4-drug

at admission. However, the initial diagnosis of HIV-1 infection combination therapy.
was highly probable because the patient had had recent unpro-
tected sex with an HIV-infected man, and she presented with
a typical clinical picture of HIV-1 infection. Consequently, an

copies/106 cells. After 3 months of therapy, only a very smallassay for plasma viremia was done immediately, and HIV-1
superficial LN could be obtained from this patient, and plasmaRNA was present at 1.2 1 106 copies/mL. The first LN biopsy
HIV-1 RNA was õ20 copies/mL, as determined by use of aon this patient was done the same day. The level of total LN
boosted assay [10]. Only total LN HIV-1 RNA could be mea-HIV-1 RNA was 26 1 106 copies/106 cells, and the level of
sured in this small LN, and it was 18,000 copies/106 cells.LNMC HIV-1 RNA was 170,000 copies/106 cells. The patient

The 5 patients with chronic disease had a mean level ofbegan combination therapy with zidovudine, didanosine, and
HIV-1 RNA in total LN tissue that was an average of 210-foldlamivudine, and 1 month later, her plasma level of HIV-1 RNA
higher (range, 120–230) than that in LNMC before therapy.was 230 copies/mL, her total LN HIV-1 RNA level was 37,000
HIV-1 RNA decreased exponentially in total LN tissue (meancopies/106 cells, and her LNMC HIV-1 RNA level was 1250
half-life, 8.5 { 1.8 days) and in LNMC (mean half-life, 7.9 {
2.2 days), with no statistical difference between these 2 half-
lives, after introduction of the four-drug regimen (figure 1).
Sufficient LNMC were available in each case to measure infec-
tious titers, and the mean half-life of infectious virus decay
was 7.5 { 2.3 days (figure 2).

Discussion

Haase et al. [11] recently measured HIV-1 RNA in lymphoid
tissue cells by use of image analysis and compared the level
to that of HIV-1 RNA in virions at the surface of the dendritic
cells. They found that extracellular virus burden is much greater
than the virus burden in lymphoid cells, but the design of their
study did not allow assessment of the impact of combined
therapy in lymphoid tissue during follow-up. We have studied
these aspects, using different methodology, in 6 patients with
HIV-1 infection.

Our data confirm that the pool of extracellular HIV-1 RNA
is far greater than that of LNMC HIV-1 RNA and that extracel-

Figure 1. Decrease over time in levels of HIV-1 RNA in total
lular RNA can accumulate in this compartment very early,lymph node tissue (solid symbols) and isolated lymph node mononu-
even in the absence of circulating antibodies. The effect ofclear cells (open symbols) in 5 patients receiving 4-drug combination

therapy. antiretroviral therapy on LN virus load has been observed [12–
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5. Embretson J, Zupancic M, Ribas JL, et al. Massive covert infection of14]. Measuring the exact effect of therapy on the lymphoid
helper T lymphocytes and macrophages by HIV during the incubationcompartment necessitates a longitudinal study before and after
period of AIDS. Nature 1993;362:359–62.

the initiation of drugs. In the present study, using different
6. Lafeuillade A, Poggi C, Profizi N, Tamalet C, Costes O. Human immuno-

methods to quantify HIV-1 in surgically biopsied LNs, we deficiency virus type 1 kinetics in lymph nodes compared with plasma.
confirmed our previous findings that the half-life of virus de- J Infect Dis 1996;174:404–7.

7. Heath SL, Tew JG, Tew JG, Szakal AK, Burton GF. Follicular dendriticcrease in LNs is Ç1 week.
cells and human immunodeficiency virus infectivity. Nature 1995;377:The methodology for HIV-1 quantitation in lymphoid organs
740–4.has not yet been the subject of consensus guidelines. Expres-

8. Rouzioux C, Puel J, Agut H, et al. Comparative assessment of quantitative
sion of results related to tissue weight, as done by some authors HIV viraemia assays. AIDS 1992;6:373–7.
using the branched DNA technique [15], is inadequate because 9. Tamalet C, Lafeuillade A, Yahi N, et al. Comparison of viral burden and

phenotype of HIV-1 isolates from lymph nodes and blood. AIDS 1994;the structure (number of cells and fat infiltration) varies from
8:1083–8.1 LN to another. A major advantage of our technique is the

10. Schockmel GA, Yerly S, Perrin L. Detection of low HIV-1 RNA levelsuse of the number of cells as the denominator.
in plasma. J Acquir Immune Defic Syndr Hum Retrovirol 1997;17:

At a time when most antiretroviral combination therapies 179–83.
seem capable of keeping plasma RNA at undetectable lev- 11. Haase AT, Henry K, Zupancic M, et al. Quantitative image analysis of
els, measurement of the residual HIV-1 activity in LNs HIV-1 infection in lymphoid tissue. Science 1996;274:985–9.

12. Cohen OJ, Pantaleo G, Holodniy M, et al. Decreased human immunodefi-is the next step in the virologic monitoring of infected
ciency virus type 1 plasma viremia during antiretroviral therapy reflectspatients.
downregulation of viral replication in lymphoid tissue. Proc Natl Acad
Sci USA 1995;82:6017–21.

Reference 13. Burgisser P, Spertini F, Suter C, Pagani JL, Meylan PRA. Monitoring the
response to antiviral treatment in the lymph nodes of HIV–infected1. Wei X, Ghosh SK, Taylor ME, et al. Viral dynamics in human immunode-
patients by serial fine needle aspiration [abstract 253]. In: Programficiency virus type 1 infection. Nature 1995;373:117–22.
and abstracts of the 3rd Conference on Retroviruses and Opportunistic2. Ho DD, Neumann AU, Perelson AS, Chen W, Leonard JM, Markowitz
Infections (Washington DC). Alexandria, VA: Infectious Diseases Soci-M. Rapid turnover of plasma virions and CD4 lymphocytes in HIV-1
ety of America, 1996.infection. Nature 1995;373:123–6.

14. Lafeuillade A, Tamalet C, Poggi C, Pellegrino P, Tourres C, Izopet J.3. Perelson AS, Neumann AU, Markowitz M, Leonard JM, Ho DD. HIV-1
Antiretroviral effect of zidovudine-didanosine combination on blooddynamics in vivo: virion clearance rate, infected cell life-span, and viral
and lymph nodes. AIDS 1997;11:67–72.generation time. Science 1996;271:1582–6.

15. Harris M, Patenaude P, Cooperberg P, et al. Correlation of viral load4. Pantaleo G, Graziosi C, Demarest JF, et al. HIV infection is active and
in plasma and lymph node tissue in patients undergoing combinationprogressive in lymphoid tissue during the clinically latent stage of dis-

ease. Nature 1993;362:355–8. antiretroviral therapy. AIDS 1996;10 (suppl 2):S15.
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The Effect of Tenidap on Cytokines, Acute-Phase Proteins, and Virus Load in
Human Immunodeficiency Virus (HIV)–Infected Patients: Correlation between
Plasma HIV-1 RNA and Proinflammatory Cytokine Levels

Bruce J. Dezube, Michael M. Lederman, Beryl Chapman, Divisions of Hematology/Oncology and Infectious Diseases, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston,Daniel L. Georges, Alex L. Dogon, Phillipa Mudido,

Massachusetts; Division of Infectious Disease, Case Western ReserveJoann Reis-Lishing, Shu-Lin Cheng, Sandra L. Silberman,
University School of Medicine, Cleveland, Ohio; Central Research

and Clyde S. Crumpacker Division, Pfizer Inc., Groton, Connecticut

Proinflammatory cytokines may be important in the pathogenesis of human immunodeficiency
virus type 1 (HIV-1) disease. Tenidap decreases interleukin (IL)-6, IL-1, and tumor necrosis factor
(TNF) production by peripheral blood mononuclear cells and decreases IL-6 plasma levels in rheu-
matoid arthritis patients. In this randomized double-blind study, 43 HIV-1–infected patients re-
ceived tenidap (120 mg) or placebo daily for 6 weeks and then crossed over to the alternative therapy
for an additional 6 weeks. Mean entry CD4 cell count was 140/mL. Analyses were performed on
cytokines, acute-phase proteins, virus load, and CD4 cell counts. With the exception of small
differences in plasma TNF levels, tenidap had no significant effect on these indices. Significant
correlations of plasma IL-6 and TNF levels with HIV-1 RNA were noted. Six patients discontinued
tenidap due to rash. The effects of tenidap in HIV-1 infection contrast to results in arthritis patients,
in whom tenidap decreased plasma levels of IL-6 and acute-phase proteins.

Tenidap is a novel antirheumatic antiinflammatory drug that homeostasis. Tenidap inhibits the chloride-bicarbonate exchanger
and causes a rapid and sustained acidification of the cytoplasmicnot only inhibits cyclooxygenase but also blocks production of

interleukin (IL)-6 in vitro and in vivo [1–3]. The rationale for compartment [9]. Finally, tenidap, like NSAIDs, inhibits the
cyclooxygenase-mediated pathway of arachidonic acid metabo-studying the role of tenidap in human immunodeficiency virus

type 1 (HIV-1)–infected patients included the elevated levels lism, thereby decreasing prostaglandin biosynthesis [10].
Tenidap decreases HIV-1 replication in acutely infected lym-of IL-6 in HIV-1–infected persons [4], the ability of IL-6 to

induce HIV-1 expression [5], the ability of tenidap to decrease phocyte and monocyte lines [8]. These effects are seen at con-
centrations well below those toxic to cells. The antiviral effectsIL-6 both in vitro [2] and in rheumatoid arthritis patients

[3, 6, 7], and the ability of tenidap to inhibit HIV-1 replication of tenidap are mimicked by the anion transport inhibitor
UK5099 but not by the NSAID piroxicam [8]. Moreover, thein infected cell lines [8].

Tenidap inhibits production of IL-6, tumor necrosis factor inhibition of HIV-1 production is not reversed by exogenous
IL-6, suggesting that the antiviral effects may be independent(TNF), and to a lesser extent IL-1b by human peripheral blood

mononuclear cells (PBMC) stimulated with lipopolysaccharide of the effects of the drug on IL-6 production or cyclooxygenase
activity. The antiviral effects of tenidap may be related to its(LPS) [2]. In rheumatoid arthritis patients, tenidap therapy de-

creases plasma IL-6 over a period of 6–12 weeks, whereas the ability to modulate intracellular pH or inhibit the chloride-
bicarbonate exchanger.nonsteroidal antiinflammatory drugs (NSAIDs) piroxicam and na-

proxen do not [3, 6, 7]. Tenidap also affects intracellular ionic This randomized placebo-controlled double-blind crossover
study was designed to ascertain if tenidap treatment decreases
levels of cytokines, acute-phase proteins, or plasma HIV RNA
in HIV-1–infected patients. The dose of tenidap used and the

Received 3 December 1996; revised 24 March 1997. length of this study were chosen to match those of a clinical trial
Presented in part: XI International Conference on AIDS, Vancouver, Canada,

of tenidap in rheumatoid arthritis patients in which cytokineJuly 1996.
Informed consent was obtained from patients. Human experimentation modulation by tenidap correlated with clinical parameters.

guidelines of the US Department of Health and Human Services, Beth Israel
Deaconess Medical Center, and Case Western Reserve University were fol-
lowed.

Materials and MethodsAt the time of the study, J.R.-L., S.-L.C., and S.L.S. were employees of
Pfizer, Inc.

Financial support: Pfizer, Inc. Patient characteristics and treatment plan. Forty-three HIV-
Reprints or correspondence: Dr. Bruce Dezube, Division of Hematology/ 1–infected patients with CD4 cell counts £400/mL were enrolled

Oncology, CC 915, Beth Israel Deaconess Medical Center, 330 Brookline
between January 1994 and January 1995 at Beth Israel HospitalAve., Boston, MA 02215.
and Case Western Reserve’s University Hospitals. Patients had

The Journal of Infectious Diseases 1997;176:807–10
absolute neutrophil counts ú1000/mm3, platelets ú75,000/mm3,q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0043$02.00 alanine and aspartate aminotransferases õ3 times the upper limit
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Table 1. Arithmetic mean of cytokine levels, acute-phase proteins, and virus load after 6 weeks of
tenidap or placebo treatment.

Baseline Placebo* Tenidap†

Plasma cytokines (pg/mL)
TNF-a 40.2 39.6 46.5‡

IL-6 2.1 1.8 2.1
IL-1b 0.28 0.30 0.35

Inducible cytokine (pg/mL)
TNF-a 3468 4078 4818
IL-6 102,593 106,478 119,012
IL-1b 4898 5874 5890

Acute-phase proteins (mg/mL)
CRP 4.6 4.5 2.9
SAA 5.7 6.5 4.9

CD4 cells/mL, mean (range) 150 (0–461) 166 (0–416) 144 (0–452)
Viral assays

p24 antigen (pg/mL) 46.4 49.8 47.1
HIV RNA (Eq/mL) 117,000 125,000 135,000

NOTE. After 6 weeks, placebo recipients were given tenidap and tenidap recipients were given placebo for
another 6 weeks. TNF, tumor necrosis factor; IL, interleukin; CRP, C-reactive protein; SAA, serum amyloid-A.

* Days 42 and 84, respectively, for placebo-tenidap and tenidap-placebo sequences.
† Days 42 and 84, respectively, for tenidap-placebo and placebo-tenidap sequences.
‡ P Å .003 for plasma TNF levels after 6 weeks of tenidap vs. placebo after being adjusted for baseline. No other

comparisons were statistically significant.

of normal, and creatinine clearance ú50 mL/min; were receiving was spun at 47C; plasma was saved and stored at 0707C. Plasma
levels of IL-6, IL-1b, and TNF-a were measured by high-sensitiv-prophylactic therapy for Pneumocystis carinii pneumonia (PCP)

if their CD4 cell count wasõ200/mm3; and were willing to discon- ity ELISA (R&D Systems for IL-6 and IL-1b; MedGenix, Brus-
sels, for TNF-a); serum levels of SAA and CRP by ELISA (Hema-tinue any NSAID therapy. Patients receiving antiretrovirals were
gen Diagnostic, Waltham, MA); p24 antigen levels after immuneon stable regimens for 4 weeks before study entry; antiretrovirals
complex dissociation (ICD-p24) by ELISA (Coulter Diagnostics,were continued throughout the trial. Exclusion criteria included
Miami); and HIV-1 plasma RNA levels by the branched DNAtreatment with corticosteroids, megestrol acetate, or anticoagulants
(bDNA) assay (Chiron, Emeryville, CA), which has a lower limitwithin 1 month of enrollment or presence of active opportunistic
of detection of 10,000 RNA copies/mL.infection, chronic inflammatory conditions, neoplastic disease re-

Statistical analysis. Analyses of covariance appropriate for aquiring systemic therapy, or peptic ulcer disease. In this double-
two-period, two-treatment crossover study, using baseline values asblind study, each subject was randomly assigned to receive tenidap
covariate, were performed separately for plasma cytokines(120 mg) or placebo daily for 6 weeks; each then crossed over to
(IL-6, IL-1b, TNF-a), inducible cytokines (IL-6, IL-1b, TNF-a),receive 6 weeks of the other therapy.
acute-phase proteins (CRP, SAA), and virus load (p24 antigen andSchedule of evaluations. Patients were seen at screening and
HIV-1 RNA). The treatment effect was analyzed on the basis of thebaseline visits and then at days 0, 7, 21, 42 (crossover day), 49,
natural log-transformed observations obtained at the end of each63, and 84. Complete blood count, serum electrolytes, blood urea
treatment period for all data except CD4 cell counts, for whichnitrogen/creatinine, liver function tests, glucose, urinalysis, and
untransformed data were used. One was added to every value beforestool for occult blood were examined at each visit, as were plasma
the natural log transformation to avoid values equal to zero. PlasmaIL-1b, IL-6, and TNF and serum amyloid-A (SAA) and C-reactive
RNA levels õ10,000 copies/mL were assigned a value of 5000. Forprotein (CRP). CD4 cell counts and viral studies (p24 and plasma
the correlative analyses between plasma cytokine and plasma HIVHIV RNA) were obtained at the prebaseline visit and on days 0,
RNA levels, all available data points were used irrespective of treat-21, 42, 63, and 84. PBMC obtained on days 0, 42, and 84 were
ment. All significance tests were two-sided. It was assumed that thetested for cytokine production after in vitro stimulation with LPS.
disease status of the patients did not change over the 12-week trialLaboratory assays. PBMC were isolated by ficoll-hypaque
period and that the 6-week treatment time for each period was longcentrifugation at 47C to prevent activation of cytokine transcrip-
enough both to show activity of the treatment and to wash out anytion. PBMC were suspended in pyrogen-free RPMI 1640 (Bio-
carryover effect from the previous period. There were no statisticalWhittaker, Walkersville, MD) supplemented with 10% fetal calf
carryover effects for all the plasma cytokines, acute-phase proteins,serum (Hyclone, Logan, UT) at a concentration of 106 cells/mL.
inducible cytokines, and virus load.Cells were incubated for 18 h in complete medium or in medium

supplemented with 1.0 mg/mL Escherichia coli LPS (Sigma, St.
ResultsLouis). Supernatants were stored at 0707C. Supernatant levels of

Clinical events. Forty-three patients were enrolled. TwelveIL-6, IL-1b, and TNF-a were measured by ELISA (R&D Systems,
Minneapolis). For measurements of plasma cytokines, whole blood patients experienced rashes; all occurred while patients were
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1 for Cryptosporidium and Campylobacter diarrhea, 1 for
cryptococcal meningitis). Except for rash, no other adverse
event was attributed to study drug.

Cytokines, acute-phase proteins, virus load, and CD4 cell
counts. The only treatment effect observed was a small but
significant increase in plasma TNF during treatment with teni-
dap (table 1). Since only 4 of 28 patients were not taking
antiretroviral agents at baseline, it was not feasible to perform
separate analyses for those taking antiretrovirals versus those
who were not.

The analysis of the effect of tenidap on cytokines, acute-
phase proteins, and virus load is a subgroup analysis based on
the 28 patients who completed the 12-week study. Since this
subgroup may not be representative of the entire study popula-
tion, a potential bias must be kept in mind. Patients who com-
pleted the study were comparable to the dropouts in terms of
age (mean of all patients, 38.8 years), known duration of infec-
tion (mean of all patients, 4.0 years), and use of antiretroviral
agents at baseline (88% of all patients). The mean (range)
baseline CD4 cell count of all patients was 140 (0–461),
of completers was 150 (0–461), and of dropouts was 119
(0–364) cells/mL.

To test the relationship between levels of plasma cytokines
and plasma HIV RNA, correlative analyses were performed.
Both plasma IL-6 and TNF levels correlated with HIV RNA
(P Å .0002 and .004, respectively), whereas plasma levels of
IL-1b did not (P Å .58) (figure 1).

Discussion

A 6-week trial of tenidap therapy had no demonstrable ef-
fects on levels of the cytokines IL-1b and IL-6, on CD4 cell
counts, on acute-phase proteins (SAA, CRP), or on measure-
ments of plasma virus load (p24, HIV-1 RNA) in this double-
blind crossover trial conducted among patients with moderately
advanced HIV-1 disease.

Proinflammatory cytokine expression may be increased in
AIDS patients. Elevated levels of serum or plasma cytokines
and increased production of cytokines by cultured PBMC have
been observed; however, these findings have not been consis-
tently reproduced (reviewed in [11]). In vitro, IL-6 induces
HIV expression alone and synergistically with TNF [5]. The
present clinical trial permitted us to explore whether the in
vitro correlation between cytokines and HIV-1 expression has

Figure 1. Plasma cytokine vs. plasma HIV-1 RNA. Dotted curves
a parallel in an in vivo setting. In this study, plasma levels ofrepresent 95% confidence interval of slope of lines.
IL-6 and TNF were partly correlated with plasma HIV RNA,
though levels of IL-1b were not. It is not clear whether these
correlations represent the effects of cytokines on HIV-1 replica-receiving tenidap at a median (range) of 11 (9–16) days after

beginning tenidap (day 0 for tenidap-placebo sequence, day 42 tion or vice versa (or both).
The only treatment effect observed in this study was a smallfor placebo-tenidap sequence). Six of these patients discon-

tinued the study drug. Nine other patients also discontinued but significant increase in plasma TNF levels after 6 weeks of
tenidap therapy. The mean difference in TNF levels was 6.9the study drug: 5 who were receiving tenidap (3 for noncompli-

ance, 1 for grade IV anemia, 1 for urinary tract infection) and pg/mL, Ç17% of baseline values. This effect may be related
to the ability of tenidap to decrease prostaglandin synthesis.4 who were receiving placebo (2 for pneumonia [E. coli, PCP],
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High-Dose Interferon-a2a Exerts Potent Activity against Human
Immunodeficiency Virus Type 1 Not Associated with Antitumor Activity in
Subjects with Kaposi’s Sarcoma

P. H. Jos Frissen, Frank de Wolf, Peter Reiss, Division of Infectious Diseases, Tropical Medicine, and AIDS and
Division of Oncology, Department of Internal Medicine, and HumanPiet J. M. Bakker, Cees H. N. Veenhof, Sven A. Danner,

Retrovirus Laboratory, Academic Medical Center, University ofJaap Goudsmit, and Joep M. A. Lange
Amsterdam; National AIDS Therapy Evaluation Center, Amsterdam,

The Netherlands

Anti–human immunodeficiency virus type 1 (HIV-1) activity was assessed in HIV-1–infected
homosexual and bisexual men receiving 18–36 MIU/day of recombinant interferon (IFN)-a2a for
Kaposi’s sarcoma (KS). The median baseline HIV-1 RNA level was 4.99 log10 copies/mL. Seventeen
subjects (68%) showed an RNA decline §.5 log10/mL, with a maximum at week 4 (median decline
Å 1.91, range Å 3.64–1.15; P Å .0007), after which RNA levels stabilized. Eight subjects (32%)
with lower median initial CD4/ T cell counts (60 vs. 350 1 106/L; P Å .01) did not show RNA
responses. Neither RNA nor KS responses were negatively affected by IFN-a2a dose modifications.
Anti-HIV responses of KS responders (n Å 15) and nonresponders (n Å 10) did not differ. High-
dose IFN-a can exert potent anti-HIV activity that is not associated with anti-KS activity.

Interferon (IFN)-a is a cytokine that is mainly produced infected subjects [8]. These disappointing clinical results might
be due to the use of low-dose IFN-a, because high-dose IFN-by peripheral blood mononuclear cells after stimulation with

various viral and nonviral stimuli. It is involved in the regula- a monotherapy for the treatment of HIV-related Kaposi’s sar-
coma (KS) has been reported to suppress HIV-1 p24 antigention of many cellular functions, resulting in antiviral, antitumor,

and immunomodulatory activities [1]. Soon after it was discov- and provide clinical benefit [10, 11].
Therefore, we conducted a study to explore the anti-HIVered that human immunodeficiency virus (HIV) causes AIDS,

the antiretroviral capacity of IFN-a was demonstrated in vitro activity of high-dose recombinant IFN-a2a, using serum HIV-
1 RNA quantification as the most reliable and exact viral pa-[2, 3]. The mechanisms of action of IFN-a in HIV infection

are not fully elucidated. An important inhibitory action of IFN- rameter. We used stored serum samples from subjects who had
participated in a KS treatment study with high-dose recombi-a on HIV replication is interference with assembly and budding

of new HIV virions [4]. nant IFN-a monotherapy (27–36 MIU/day) in 1988; all had
demonstrated clear antitumor activity and an anti-HIV responseClinical results with IFN-a for the treatment of HIV infection

have been discouraging. After the demonstration in vitro of [10]. In addition, that study found evidence of an association
between antitumor and anti-p24 responses, which was latersynergistic anti-HIV activity with IFN-a plus zidovudine [5],

combinations of low-dose INF-a and zidovudine have been confirmed by others [11].
used in different clinical settings with different primary end
points and viral parameters [6–9]. However, the largest of

Materials and Methodsthese studies showed no evidence of superior clinical benefit
from combination therapy: It compared, in a randomized and Study population and design. Twenty-five HIV-1 seropositive
controlled fashion, a combination of low-dose IFN-a and zido- homosexual or bisexual men with histologically confirmed and
vudine with zidovudine monotherapy in treatment-naive HIV- progressive KS showing measurable lesions were included. Addi-

tional inclusion criteria are described in detail elsewhere [10].
Clinical and laboratory assessments were conducted at four weekly
intervals. The major KS response evaluation was performed at

Received 3 September 1996; revised 28 March 1997. week 8. Subjects with a complete or a partial KS response or
The original therapy study was approved by the Medical Ethics Committee with stable KS disease were called KS responders; subjects with

of the Academic Medical Center. All subjects gave written informed consent progressive disease were called KS nonresponders. Stable disease
before participating in the study, including consent for serum storage for future

was categorized as a KS response because an important inclusionexaminations.
criterion was the presence of progressive KS (i.e., new or growingFinancial support: Dutch Program Coordination Committee on AIDS Re-

search (94.019). lesions). KS responses were defined according to guidelines de-
Reprints or correspondence (current affiliation): Dr. P. H. J. Frissen, Depart- scribed in detail elsewhere [10]. Subjects could not have received

ment of Internal Medicine and Gastroenterology, Onze Lieve Vrouwe Gasthuis,
any previous treatment for HIV infection and were not allowed toP.O. Box 95 500, 1090 HM Amsterdam, The Netherlands.
use any known antiretrovirals or immunomodulatory agents during

The Journal of Infectious Diseases 1997;176:811–4
the study. For the purpose of the current study, serum samples upq 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0044$02.00 to 12 weeks after initiation of IFN-a2a therapy were available for
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quantitation of HIV RNA: Patients received IFN-a2a daily during
the first 8 weeks; during the subsequent 4 weeks, regimens were
modified according to the KS response at week 8. An HIV RNA
response was defined as a decrease from baseline of at least .5
log10 copies/mL at two consecutive time points (or for at least 1
month).

Intervention. The IFN-a used in this study was recombinant
human IFN-a2a (Roferon; Roche, Basel, Switzerland) and was
self-administered by subcutaneous injection. For days 1–5, sub-
jects received doses that increased daily by stepwise increments
(i.e., 3, 9, 18, 27, and 36 MIU, respectively). Thereafter, for the
first 8 weeks, subjects received 36 MIU/day if their body weight
was §60 kg and 27 MIU if it was õ60 kg. After 8 weeks, IFN-
a2a was administered every other day to patients with a partial
KS response or stable disease. For those with a complete KS Figure 1. Serum levels of HIV RNA relative to baseline levels in
response or progressive disease, treatment was discontinued. patients whose RNA levels declined in response to treatment with

HIV-1 RNA quantification. Serum was stored at0707C. Serum IFN-a2a.
HIV-1 RNA was quantitated in once-thawed serum, using nucleic
acid–based sequence amplification (Organon Teknika, Boxtel,
Netherlands) [12]. The variation of quantitative results is within

HIV-1 RNA response. In all subjects, the maximum change.5 log10 copies/mL. The lower limit at which RNA can be reliably
in serum HIV-1 RNA concentrations during IFN-a2a treatmentquantified is 1000 copies/mL (3 log10 copies/mL).
was observed at week 4 (median Å 0.79 log10/mL, range ÅT cell subpopulations and HIV-1 p24 antigen. Peripheral blood

CD4/ and CD8/ T lymphocyte subpopulations were enumerated 03.64 to /2.62; P Å .001). However, this group contained
using dual-color immunofluorescence and flow cytometry. Serum RNA responders (n Å 17; 68%) as well as nonresponders (n
HIV-1 p24 antigen was measured by a sandwich-type ELISA (Ab- Å 8; 32%). Seventeen HIV RNA responders showed RNA
bott Laboratories, Abbott Park, IL). declines of §1 log10 copies/mL, whereas the 8 RNA nonre-

Statistics. Laboratory values for CD4/ cells and RNA were sponders showed clear increases relative to baseline (median
not normally distributed, partially due to censoring of the data RNA increaseÅ 1.3 and 1.5 log10/mL at weeks 4 and 8, respec-
(RNA). HIV-1 RNA results were log-transformed, and values be-

tively). The RNA responders showed a median RNA decrease
low the lower quantification limit were considered to contain 3

from baseline of 1.91 log10/mL (P Å .0007) at week 4 andlog10 RNA copies/mL. Baseline laboratory values are the means
1.78 log10/mL (P Å .005) at week 8 (figure 1). For 5 subjectsof two pretreatment values (one assessment within 4–8 weeks
(20%) at week 4 and 4 subjects (21%) at week 8 after the startbefore entry and one at the start of treatment). Fifteen subjects
of IFN-a2a therapy, serum HIV-1 RNA levels were below the(60%) had only one pretreatment RNA value available. Compari-

sons between groups were conducted at weeks 0, 4, and 8, using quantification limit of the assay (3 log10/mL).
the Mann-Whitney U test. The HIV RNA response over time in Comparison of the baseline characteristics of the HIV RNA
the total study population was tested by the Wilcoxon signed rank responders and nonresponders revealed that RNA nonrespond-
test for paired observations. Comparisons of the proportion of ers had significantly lower median CD4/ T cell numbers than
either HIV-1 RNA or KS responders and nonresponders stratified did the responders (60 vs. 350 1 106/L; P Å .01). Five of the
by CD4/ cell counts below or above 200 1 106/L were tested by RNA responders (29%) versus 6 of the RNA nonresponders
the x2 test. The correlation between serum HIV-1 RNA and p24

(75%) had baseline CD4/ cell counts of õ200 1 106/L,
antigen concentrations was tested by Spearman’s rank correlation

whereas 12 RNA responders (71%) versus 2 nonresponderscoefficient. All tests were two-sided, and significance was set at
(25%) had baseline CD4/ cell counts of §200 1 106/L (P ÅP õ .05.
.032). Other baseline variables, such as age, p24 antigenemia,
KS response, and RNA concentrations did not show differences
(data not shown). During IFN-a2a therapy, CD4/ cell re-Results
sponses (percentages and numbers) relative to baseline re-
sponses did not show different patterns between patient re-Study population. At baseline, the median CD4/ cell count

was 280 1 106/L (range Å 10–670 1 106), and the median sponse groups at any analyzed time point (data not shown).
The RNA nonresponder group included 2 of 3 subjects withserum HIV-1 RNA concentration was 4.99 log10 copies/mL.

Three subjects with only one baseline serum sample available censored baseline RNA levels of 3 log10 copies/mL whose
RNA concentrations became detectable during therapy.had HIV-1 RNA concentrations below the lower quantification

limit of the RNA assay. In the 14 subjects (56%) with p24 KS response. Fifteen subjects (60%) showed a KS re-
sponse, whereas 10 subjects (40%) showed progressive KSantigenemia (§30 pg/mL), no correlation between serum HIV-

1 RNA and p24 antigen concentrations was found at baseline disease. At baseline, mean age (35.2 vs. 39.7 years) and median
baseline CD4/ cell counts (230 vs. 350 1 106/L) were loweror at any analyzed time point thereafter (data not shown).
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Table 1. Distribution of 25 study subjects given different doses of teen subjects (52%), including 2 with progressive KS (protocol
IFN-a2a for treatment of Kaposi’s sarcoma (KS), according to size violation), continued to use IFN-a2a every other day. Twelve
of dose received, HIV RNA response, and KS response. of these subjects had serum samples available at week 12.

Between week 8 and 12, RNA increased (ú.5 log10/mL) in 4Dose size, KS response RNA response No RNA response
subjects (33%), including both subjects with progressive KS,

36 MIU/day (n Å 18) whereas RNA declined (ú.5 log10/mL) in 2 subjects (17%). In
KS responder 7 3 the other subjects (n Å 6; 50%), changes in RNA levels were
KS nonresponder 6 2 within .5 log10/mL.

18–27 MIU/day* (n Å 7)
KS responder 3 1
KS nonresponder 2 1 Discussion

NOTE. Data are no. of subjects. KS responders Å subjects with complete In the present study, high-dose recombinant IFN-a2a exerted
or partial KS response or with stable KS disease; KS nonrespondersÅ subjects

potent anti-HIV activity in a substantial subgroup of subjectswith progressive disease. HIV RNA response was defined as decrease from
baseline of at least .5 log10 copies/mL at 2 consecutive time points (or for at treated with the agent for AIDS-related KS. A previous study
least 1 month). established the anti-HIV activity of IFN-a alone, as measured

* 27 MIU was weight-adjusted dose (õ60 kg).
by serum HIV-1 RNA concentrations [13]. However, direct
comparison of the two studies is hampered by differences in
study designs, IFN-a preparations (natural human IFN-a orin the group of KS nonresponders than in the responders, but

the difference was not significant. All subjects with HIV-1 IFN-an3, consisting of a mixture of different IFN-a species),
and clinical parameters of the study populations (disease stage,RNA concentrations below the assay quantification limit at

any time point belonged to the group of KS responders. RNA CD4/ cell counts, and HIV-1 RNA levels). Despite the present
results, it should be emphasized that IFN-a2a exhibited noconcentrations did not show different patterns between KS re-

sponders and nonresponders during the first 8 weeks of daily anti-HIV response in 32% of our subjects. This group of nonre-
sponders might be slightly greater, considering that no serumIFN-a2a administration: at week 4, the median RNA concentra-

tion relative to baseline was 01.91 log10/mL (03.64 to /2.62) samples were available at week 8 for 6 subjects. However,
these subjects were considered to be RNA responders becauseversus 01.47 log10/mL (02.28 to /1.9); at week 8, the median

RNA concentration relative to baseline was 01.41 log10/mL of unequivocal RNA declines at week 4. In addition, only 1
of 8 RNA nonresponders showed a biphasic RNA response.(03.64 to /2.33) versus 01.48 log10/mL (01.92 to /1.65),

respectively. Although the number of RNA nonresponders is small, the
increase of HIV-1 RNA levels in some of these subjects couldWithin the group of KS responders, RNA responses of sub-

jects with either complete (n Å 2) or partial response (n Å 8) not be explained by noncompliance or intercurrent infections.
The only significant difference between the RNA respondersor with stable disease (n Å 5) were indistinguishable by RNA

response (data not shown). At weeks 4 and 8, median CD4/ and nonresponders was the lower initial CD4/ cell counts in
the latter group. The KS nonreponders also had lower baselineT cell counts relative to baseline were higher in the KS respond-

ers than in the nonresponders, although these differences did CD4/ cell counts than KS nonresponders; however the differ-
ence was not significant, probably due to the small sample size.not reach significance (/10 vs. 040 1 106/L; P Å .09 at week

4; 0 vs. 040 1 106/L; P Å .14 at week 8). Concomitant KS In various studies, CD4/ cell counts ú200 1 106/L have been
associated with favorable KS responses to IFN-a [10, 11] orand RNA responses were found in 10 subjects (40%), whereas

a combined KS and RNA nonresponse was observed in 3 suppression of serum HIV p24 antigen levels (or both) [11,
14]. Adequate anti-HIV and anti-KS activities of IFN-a appear(12%). All other subjects (n Å 12; 48%) had divergent KS and

RNA responses (table 1). to require a certain minimum level of cellular immunity.
To date, the minimal effective dose of IFN-a in HIV infec-Dose-response relation. HIV RNA and KS responses in

relation to the dose of IFN-a2a are listed in table 1. Full-dose tion is still unclear. Within the dose range of the current study
(§18 MIU/day up to week 8) no dose-effect relationship couldtherapy was considered to be treatment with 36 MIU IFN-a2a

daily, whereas all other dosages were considered to be a re- be demonstrated, possibly due to the small sample size. One
study using a new natural IFN-a at different dose levels (1, 5,duced IFN-a2a dose. Five subjects (20%) had dose modifica-

tions before week 8. Of them, 4 had toxicity-related dose reduc- and 12.5–20 MIU three times a week) showed a dose-depen-
dent anti-HIV effect [13]: In the highest dose group, 3 of 5tions to 18 MIU daily and 1 had a short-lasting treatment

interruption. Table 1 shows that neither the HIV RNA response subjects had§2.41 log10/mL RNA decline, whereas the decline
of serum RNA concentrations was õ1 log10/mL with the twonor the KS response seems to be affected by a reduced IFN-

a2a dose. lower dose levels. Another study, using HIV p24 antigen as
the viral parameter, demonstrated a dose-dependent p24 antigenAfter the KS response evaluation at week 8, treatment was

stopped for 12 subjects because of progressive KS (n Å 8) or suppression even with the use of low-dose IFN-a (2–6 MIU/
day) [9].personal request, mainly because of side effects (n Å 4). Thir-
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3. Hartshorn KL, Neumeyer D, Vogt MW, Schooley RT, Hirsch MS. ActivityAn important observation in the current study was the lack
of Interferons alpha, beta, and gamma against human immunodeficiencyof an association between the anti-HIV and anti-KS responses:
virus replication in vitro. AIDS Res Hum Retroviruses 1987;3:125–33.

Previous reports on IFN-a therapy in KS had suggested an 4. Gendelman HE, Baca LM, Turpin J, et al. Regulation of HIV replication
association between the two responses [10, 11]; however, the in infected monocytes by interferon-a. Mechanisms for viral restriction.

J Immunol 1990;145:2669–76.anti-HIV response in those studies was assessed by the reduc-
5. Hartshorn KL, Vogt MW, Ting-Chao C, et al. Synergistic inhibition oftion of serum HIV p24 antigen levels. We and others [15] were

human immunodeficiency virus in vitro by azidothymidine and recombi-
unable to demonstrate a correlation between serum HIV p24

nant alpha interferon. Antimicrob Agents Chemother 1987;31:168–72.
antigen and RNA concentrations. The anti-KS activity of IFN- 6. Orholm M, Pedersen C, Mathiesen L, Dowd P, Nielsen JO. Suppression

of p24 antigen in sera from HIV-infected individuals with low-dose a-a might be associated with inhibition of KS-associated herpes-
interferon and zidovudine: a pilot study. AIDS 1989;3:97–100.like virus (KSHV). Development of viral quantitation tech-

7. Frissen PHJ, Van der Ende ME, Ten Napel CHH, et al. Zidovudine andniques for KSHV might elucidate this question.
interferon-a combination therapy versus zidovudine monotherapy in
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antiretroviral activity. Low CD4/ T cell counts seem to impair tion. J Infect Dis 1994;169:1351–5.
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ity of zidovudine and interferon-alpha in patients with symptomaticinfected subjects with moderate immune impairment. The dose
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A Prolonged Outbreak of Escherichia coli O157:H7 Infections Caused by
Commercially Distributed Raw Milk

William E. Keene, Katrina Hedberg, Donald E. Herriott, Acute and Communicable Disease Section, Oregon Health Division,
Portland, and Animal and Plant Health Inspection Service, USDale D. Hancock, Ronald W. McKay, Timothy J. Barrett,
Department of Agriculture, and Food Safety Division, Oregonand David W. Fleming

Department of Agriculture, Salem, Oregon; Field Disease Investigation
Unit, Washington State University, Pullman, Washington; Foodborne

Diseases Laboratory Section, Centers for Disease Control and
Prevention, Atlanta, Georgia

A protracted outbreak of Escherichia coli O157:H7 infections was caused by consumption of
unpasteurized (‘‘raw’’) milk sold at Oregon grocery stores. Although it never caused a noticeable
increase in reported infections, the outbreak was recognized because of routine follow-up interviews.
Six of 16 Portland-area cases reported between December 1992 and April 1993 involved people who
drank raw milk from dairy A. By pulsed-field gel electrophoresis (PFGE), E. coli O157:H7 isolates
from these cases and from the dairy A herd were homologous (initially, 4 of 132 animals were E. coli
O157:H7-positive). Despite public warnings, new labeling requirements, and increased monitoring of
dairy A, retail sales and dairy-associated infections continued until June 1994 (a total of 14 primary
cases). Seven distinguishable PFGE patterns in 3 homology groups were identified among patient
and dairy herd E. coli O157:H7 isolates. Without restrictions on distribution, E. coli O157:H7
outbreaks caused by raw milk consumption can continue indefinitely, with infections occurring
intermittently and unpredictably.

Escherichia coli O157:H7 outbreaks are most commonly local health department personnel. During the first few weeks
of April 1993, 3 ostensibly unrelated patients in one countycaused by consumption of undercooked beef or other foods that

are cross-contaminated with beef. Such outbreaks are usually mentioned consuming raw milk from a single dairy farm (dairy
A). The retail sale of raw milk is legal in Oregon; dairy Adetected because of a marked increase in illness within a group

or community. Common-source outbreaks are typically short- milk was sold at supermarkets and other grocery stores in the
tricounty Portland area. Here we present the results of ourlived, limited by the quantity and shelf life of the contaminated

product(s), and are preventable with adequate kitchen hygiene investigation and their implications for disease surveillance and
outbreak control.and cooking.

While often contaminated with enteric organisms during col-
lection, before sale almost all milk is pasteurized, which kills

Methodspathogenic microbes. Some consumers, however, choose to
drink unpasteurized milk, despite the well-documented risk of

Case finding and definitions. We defined cases as persons from
enteric infection [1]. Milk has a limited shelf life, but dairy

whose stools E. coli O157:H7 was cultured or persons who devel-
animals can be productive for years, and the output of a patho- oped diarrhea (§3 loose stools within a 24-h period) within 7 days
gen-colonized dairy herd may be contaminated indefinitely. of the symptom onset of a culture-confirmed household member.
Thus, depending on product distribution and frequency of con- Cases were identified from routine surveillance reports. For this
tamination, raw milk–associated infections can be widely scat- investigation, we reviewed cases with symptom onsets from Janu-

ary 1992 through June 1994 among residents of the three countiestered in both time and place, making it difficult to recognize
(Multnomah, Washington, and Clackamas) comprising greatera common source.
Portland. When initially reported, cases (or household informants)Mandatory reporting of E. coli O157:H7 infections in Ore-
had been interviewed, using a standardized questionnaire, aboutgon was initiated in 1990. Reports are first investigated by
possible exposures. We defined raw milk–associated cases as those
who reported drinking raw milk within the 10 days before symptom
onset. Persons whose illness began §2 days after that of another
household member were considered secondary cases.Received 19 March 1996; revised 13 April 1997.

Grant support: Washington State Agricultural Research Center (10A-3072- Statistics. The probability of finding as many raw milk drink-
0835 to D.D.H.). ers as we did among reported cases was estimated using a standard

Reprints or correspondence: Dr. William E. Keene, Oregon Health Division,
binomial model. We used an arbitrarily chosen interval extending800 N.E. Oregon St., Suite 772, Portland, OR 97232; e-mail, keene@ohsu.edu.
from 1 month before the first raw milk–associated case was re-

The Journal of Infectious Diseases 1997;176:815–8
ported to the date the cluster was first identified (1 December 1992q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0045$02.00 to 20 April 1993).
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Dairy sampling and microbiology. Agriculture inspectors rou- that 1% of people drink that brand during a 10-day interval.
tinely (every 8 weeks) visit Oregon dairies that sell retail raw milk; (Dairy A’s share of the Portland milk market was õ0.5%.)
milk samples are collected and assayed by standard methods for Dairy operation. Dairy A produced Ç1400 L of whole
total coliform count and other parameters. We reviewed milking milk, skim milk, and cream per day. Milk from the bulk tank
operations and test results for dairy A from January 1992 through

was tested 26 times between December 1992 and June 1994,
June 1994. Milk samples collected from the bulk tank at least

with total coliform levels ranging from undetectable to 17,000every 2 weeks after April 1993 were assayed for E. coli O157:H7
cfu/mL; 5 samples had levels ú150 cfu/mL. There was noby two methods: 1 aliquot was cultured directly on sorbitol–Mac-
obvious relationship between total coliform levels and the oc-Conkey’s agar; another was enriched overnight and screened by
currence of infections. E. coli O157:H7 was never recoveredEIA (EHEC-Tek; Organon Teknika; Durham, NC).

Rectal swabs were obtained from all cattle at dairy A and cul- from any dairy A milk sample.
tured [2]. Bovine isolates and isolates from human cases were Control measures and subsequent cases. Through media
confirmed as E. coli O157:H7 by standard biochemical tests, latex contacts on and after 21 April 1993, we warned the public of
agglutination assay, and serologic testing [3]. the hazards associated with raw milk, particularly from dairy

Isolates were digested with XbaI and subtyped by pulsed-field A. Raw milk sales from dairy A were briefly suspended but
gel electrophoresis (PFGE) [4]. Relative to one another, PFGE

resumed when E. coli O157:H7 was not recovered from a milk
patterns were categorized as indistinguishable, homologous (one-

sample or a convenience sample of manure specimens collectedor two-band difference), or unique.
at the dairy on 20 April. Legal analysis suggested that Oregon
public health agencies lacked clear authority to restrict milk
sales unless it could be demonstrated that specific containersResults
destined for sale were contaminated.

Two more dairy A–associated cases were reported in JuneInitial epidemiologic findings. Sixteen primary cases had
1993, 1 with an April onset. In December, the Oregon Depart-been reported in the Portland area from 1 December 1992
ment of Agriculture introduced labeling requirements for rawthrough 20 April 1993; 6 of these individuals reported drinking
milk products (‘‘This product has not been pasteurized [and]raw milk, all from dairy A (figure 1). The first raw milk–
may contain disease-producing organisms’’) and new standardsassociated case became ill in late December 1992. By chance,
for total coliform levels in retail raw milk (õ10 cfu/mL). Dairythe probability of finding at least 6 of 16 persons chosen at

random to be dairy A milk drinkers is 0.0000000073, assuming A agreed to suspend retail sales should additional illnesses be

Figure 1. Reported monthly occurrence of primary
E. coli O157:H7 infections in 3 Portland-area count-
ies, January 1992 to June 1994. j Å dairy A–associ-
ated E. coli O157:H7 cases; hÅ other reported cases.
Cases are shown by county of residence and month of
symptom onset; within each month, cases are arranged
(from bottom to top) in order of onset. Secondary
cases (n Å 7, including 3 associated with this out-
break) are not shown.
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Figure 2. Subtyping of dairy A–associated E. coli
O157:H7 isolates from primary cases and dairy herd
animals, shown by month of symptom onset and
month of culture, respectively. (Only 1 isolate was
subtyped from 1 1994 household with 4 co-primary
cases.) Homology (£2 band difference by pulsed-field
gel electrophoresis) is indicated by circle color; distin-
guishable patterns are indicated by letters.

linked to its products. In May 1994, 6 new cases were identi- Discussion
fied. An injunction was issued in June 1994 proscribing further

This outbreak never caused an obvious increase in diseasedistribution to consumers. Nevertheless, clandestine sales per-
reports from any one county or statewide. It was only recog-sisted until October 1995, when the dairy owner was fined and
nized because potential exposures, including raw milk con-jailed for contempt of court. No dairy A–associated cases have
sumption, were reviewed during routine follow-up investiga-been reported since June 1994.
tions. Such interviews, while labor-intensive, can be essentialEpidemiologic and clinical summary. In total, 14 (8%) of
for identifying protracted or low-intensity outbreaks, particu-the 173 primary E. coli O157:H7 cases reported in the Portland
larly when background rates are high.area from January 1992 through June 1994 reported drinking

Suspicions were first voiced when 3 of the April cases in onedairy A milk (figure 1). Outbreak cases were between 1 and 73
county reported drinking raw milk—a relatively uncommonyears old; 8 were£10 years old. None developed the hemolytic
exposure. Other raw milk drinkers were then identified from auremic syndrome; 2 were hospitalized. Nine patients (64%)
review of existing surveillance reports. All were confirmed toreported drinking raw milk for õ1 month before they became
have consumed milk from dairy A. We then faced the dilemmaill, including 6 who reported only a single exposure. Only 4
of when to take public action. The binomial calculation, whilecharacterized themselves as regular consumers of long stand-
using an arbitrarily selected time interval, suggested that aing. Three secondary cases were identified in these 11 house-
chance association between infection and consumption of dairyholds, representing either person-to-person spread or longer
A milk was extremely unlikely. Given the ongoing nature ofincubations.
the outbreak, we elected to notify the public immediately ratherHerd testing. Dairy A first allowed herd testing in July
than delay until a formal study could be done. In the absence1993, when E. coli O157:H7 was cultured from 4 (3%) of 132
of a distinct outbreak period, it was not clear how to delimitcattle. When resampled in June 1994, 6 (5%) of 124 animals
a case-control study without significant bias. A cohort studywere culture-positive. No animal tested positive on both occa-
was also infeasible.sions.

The association was eventually corroborated by PFGE sub-Bacteria subtyping. The results of PFGE subtyping are
typing results suggesting that the isolates from milk drinkersshown in figure 2. Three distinguishable patterns were identi-
had a common origin with each other and with isolates fromfied among the 8 dairy A–associated patient isolates from
the dairy herd. Such subtyping can be of great value in outbreak1992–1993. The three patterns were homologous to each other
investigations, although as this cluster illustrates, outbreaks areand to 3 of the 4 herd isolates from 1993. Two of the bovine
not necessarily marked by a single PFGE pattern.isolates were indistinguishable from 3 of the patient isolates

(pattern B). One patient isolate from each of the 3 1994 case- Anecdotal reports and case-control studies suggest that raw
milk is one cause of sporadic E. coli O157:H7 infections [5–households was subtyped. All were homologous to each other;

2 were indistinguishable. The same two patterns were seen in 8], but only one cluster due to raw milk consumption, an
outbreak among Canadian schoolchildren visiting a dairy farm,the 6 1994 cattle isolates from dairy A; 1 animal carried both

(figure 2). There was no apparent relationship between dairy has been well described [9]. Several other raw milk–associated
E. coli O157:H7 clusters in Britain received brief mention [10,A–associated isolates (human or bovine) from 1994 and 1992–

1993. None of the dairy-associated isolates appeared related 11]. Pasteurized dairy products (yogurt [12] and milk [13])
were implicated in two other British outbreaks, apparently dueto any other isolates tested from Oregon (n Å 10) or elsewhere

in the Northwest (n Å 101). to contamination with raw milk or improper processing.

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



818 Concise Communications JID 1997;176 (September)

AcknowledgmentsRaw milk is an unsurprising vehicle for enteric infections
[1], as it unavoidably contains fecal organisms from the milking

We thank Berdena Nickerson (Multnomah County Health De-
herd. Occasionally, high levels of contamination can occur as partment) and Jim Postlewait, Jim Eyre, Jim Madden, and Jim
a result of poor environmental sanitation or improper holding Black (Oregon Department of Agriculture). Additional laboratory
temperatures with attendant bacterial replication. Given their support was provided by Steve Mauvais (Oregon Health Division),
prevalence in cattle, these contaminants will sometimes include Daniel H. Rice (Washington State University), and Stephen D.

Weagant and Janelle Johnson (US Food and Drug Administration).E. coli O157:H7, Campylobacter or Salmonella species, or
other pathogens. Routine inspection of raw milk dairies by
governmental agencies cannot prevent this contamination, and

References
indeed may convey a misleading imprimatur of safety to un-

1. Potter ME, Kaufmann AF, Blake PA, Feldman RA. Unpasteurized milk:wary consumers.
the hazards of a health fetish. JAMA 1984;252:2048–52.

While E. coli O157:H7 has been isolated from raw milk 2. Sanderson MW, Gay JM, Hancock D, Gay CC, Fox LE, Besser TE.
[11, 14], testing production lots for specific pathogens is an Sensitivity of bacteriologic culture for detection of Escherichia coli

O157:H7 in bovine feces. J Clin Microbiol 1995;33:2616–9.unreliable means of protecting consumers. Contamination may
3. Gray LD. Escherichia, Salmonella, Shigella, and Yersinia. In: Murray PR,be intermittent or below the detection limit of available assays.

Baron EJ, Pfaller MA, Tenover FC, Yolken RH, eds. Manual of clinical
Moreover, using a battery of pathogen-specific premarket tests microbiology. 6th ed. Washington, DC: American Society for Microbi-
would unrealistically delay distribution and would offer no ology, 1995:450–6.

4. Barrett TJ, Lior H, Green JH, et al. Laboratory investigation of a multistateprotection against uncharacterized agents. Assaying for non-
food-borne outbreak of Escherichia coli O157:H7 by using pulsed-fieldspecific indicators of fecal contamination would be similarly
gel electrophoresis and phage typing. J Clin Microbiol 1994;32:3013–impractical, and such measures are probably unreliable pre-
7.

dictors of risk [15]. 5. Martin ML, Shipman LD, Wells JG, et al. Isolation of Escherichia coli
Unlike most clusters of foodborne illness, raw milk–associ- O157:H7 from dairy cattle associated with two cases of haemolytic

uraemic syndrome [letter]. Lancet 1986;2:1043.ated outbreaks have the potential to persist indefinitely, with
6. MacDonald KL, O’Leary MJ, Cohen ML, et al. Escherichia coli O157:cases occurring intermittently and unpredictably. Dairy A–as-

H7, an emerging gastrointestinal pathogen: results of a one-year, pro-
sociated infections were scattered over 18 months. Even when spective, population-based study. JAMA 1988;259:3567–70.
a source is identified, these outbreaks can be difficult to control. 7. Ostroff S, Kobayashi J, Lewis J. Infections with Escherichia coli O157:

H7 in Washington State: the first year of statewide disease surveillance.No known measures will eradicate E. coli O157:H7 from indi-
JAMA 1989;262:355–9.vidual cattle, much less entire herds, or eliminate fecal contami-

8. Waters JR, Sharp JCM, Dev VJ. Infection caused by Escherichia colination of milk as it is collected.
O157:H7 in Alberta, Canada, and in Scotland: a five-year review, 1987–

The only effective way to stop raw milk–associated disease 1991. Clin Infect Dis 1994;19:834–43.
is to stop people from drinking raw milk—easier said than 9. Duncan L, Mai V, Carter A, Carlson JAK, Borczyk A, Karmali MA.

Outbreak of gastrointestinal disease—Ontario. Can Dis Wkly Rep 1987;done. Despite widespread publicity about the links between
13:5–8.dairy A raw milk and potentially life-threatening illness, sales

10. Chapman PA, Wright DJ, Higgins R. Untreated milk as a source of vero-
of this brand (and intermittent infections) continued until the

toxigenic E. coli O157 [letter]. Vet Rec 1993;133:171–2.
dairy was forced out of the retail business. Many raw milk 11. Wright DJ, Chapman PA, Siddons CA. Immunomagnetic separation as a

sensitive method for isolating Escherichia coli O157 from food samples.consumers remain skeptical about the inherent hazards of this
Epidemiol Infect 1994;113:31–9.product or are indifferent to the risks to themselves and their

12. Morgan D, Newman CP, Hutchinson DN, Walker AM, Rowe B, Majidchildren. Short of an outright ban on sales, which has been
F. Verotoxin producing Escherichia coli O157 infections associated

enacted in at least 22 states (Klontz KC, personal communica- with the consumption of yoghurt. Epidemiol Infect 1993;111:181–7.
tion), Canada, and Scotland, continuing consumer education 13. Upton P, Coia JE. Outbreak of Escherichia coli O157 infection associated

with pasteurised milk supply [letter]. Lancet 1994;344:1015.and increasing financial risks for suppliers may be the only
14. Padhye NV, Doyle MP. Rapid procedure for detecting enterohemorrhagicmeans to reduce raw milk consumption and associated illness.

Escherichia coli O157:H7 in food. Appl Environ Microbiol 1991;57:
In response to this and another outbreak, legislation to outlaw

2693–8.
the retail sale of raw milk in Oregon was introduced in 1995. 15. Humphrey TJ, Beckett P. Campylobacter jejuni in dairy cows and raw

milk. Epidemiol Infect 1987;98:263–9.It died in committee.

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



819

Utilization and Cost of Serologic Tests for Lyme Disease in Maryland

G. Thomas Strickland, Andrea C. Karp, Anita Mathews, Department of Epidemiology and Preventive Medicine, University of
Maryland School of Medicine, Baltimoreand César A. Peña

To ascertain use of serologic tests for Lyme disease (LD) in Maryland, all laboratories registered
with the State Health Department were surveyed. Results show that from 1992 to 1995, 17 labora-
tories performed 100,000 serologic tests costing $7.1 million on Maryland residents; 90% of these
tests were EIAs. The proportion of positive EIAs increased from 3.4% in 1992 to Ç7.0% in 1994
and 1995, and the percentage of positive second tests (Western blot, WB) fell from 7.9% to 5.0%–
5.5%. The large number of EIAs performed in comparison with the low incidence of LD in the
state results in a low predictive value of a positive EIA test. Therefore, the WB is indicated to
confirm equivocal and positive EIA tests when characteristic clinical findings of LD are not present.
The 30,000 tests for LD performed annually on Maryland residents at a cost of over $2 million in
direct medical costs must be added to the public health burden of LD in this state.

Lyme disease (LD) is the most common vectorborne illness LD were being performed on Maryland residents. Therefore,
we surveyed all laboratories performing diagnostic testing forin the United States and is increasing in prevalence and distri-

bution [1]. The hallmark of early infection, the expanding LD on serum from Maryland residents to estimate the number
and types of tests performed and their cost.bull’s-eye erythema migrans (EM) rash, is absent in 30%–

40% of patients meeting the Centers for Disease Control and
Prevention’s (CDC) surveillance case definition for LD [2].
Rheumatologic, neurologic, and cardiac manifestations sugges- Methods
tive of late-stage LD require serologic confirmation, since they

A list of laboratories licensed by the state of Maryland to per-are often confused with other diagnoses. The association of
form serologic and microbiologic tests was obtained from thefibromyalgia and chronic fatigue syndrome with LD is contro-
DHMH. Each registered laboratory was called and asked if theyversial [3]. Therefore, in acute cases in which EM is not present,
had performed serologic tests for LD on specimens from Maryland

and in patients with more chronic complaints, serologic testing
residents from 1 January 1992 through 31 December 1995. Those

is relied upon to support the diagnosis. indicating they performed tests, as well as any laboratory reporting
The most commonly performed test, an EIA, lacks sensitivity a positive test result to the DHMH, were sent a questionnaire

in detecting Borrelia burgdorferi antibodies in the earliest with an explanatory cover letter. The questionnaire inquired about
stages of the disease. In patients with late-stage LD, cross- which tests were performed, the number of tests performed per

year, the proportion of positive tests, and charges for performingreactivity during testing lowers specificity and causes confusion
the tests. Each laboratory was assured of the confidentiality of itswith several infectious and autoimmune diseases [4–6]. The
responses and was assigned an identification number so that resultscurrent recommendation is to use a two-test approach to sero-
could not be traced to specific laboratories.logic testing for LD: the more sensitive EIA test followed by

The survey was mailed to the 27 laboratories identified. Thosethe more specific Western blot (WB) for those with equivocal
that failed to return the survey within 2 weeks were called andand positive EIA test results [4–6].
reminded. Two weeks later, the remaining laboratories were

In 1992, we began collecting and recording data, including
phoned and offered the option of having a project investigator

diagnostic laboratory tests, on patients with LD reported to the collect the data from their records. Three chose to be site-visited;
Maryland Department of Health and Mental Hygiene (DHMH). test procedures were observed and results were recorded from
Both data from this LD registry and a physician survey [7] their records. Three laboratories stated they had not performed LD
suggested that a large number of diagnostic serologic tests for serology on any samples from Maryland during the 4 years. Five

laboratories were involved in mergers, leading to a revised total of
19 laboratories performing LD serology. Two of the 19 laboratories
were unable to provide the requested Maryland-specific informa-

Received 16 October 1996; revised 4 April 1997. tion, resulting in responses from 17 of the 19 laboratories per-
This study was approved by the Institutional Review Board at the University

forming LD serology on Maryland residents. From informationof Maryland at Baltimore, and experimentation guidelines of the US Depart-
provided during the discussions, we estimate these 2 laboratoriesment of Health and Human Services were followed.
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Reprints or correspondence: Dr. G. Thomas Strickland, Dept. of Epidemiol- annually. In addition, several physicians caring for patients with

ogy and Preventive Medicine, University of Maryland School of Medicine,
possible LD or tick exposures sent serum samples to nonregisteredBaltimore, MD 21201.
research laboratories outside the state. These data and those from
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Maryland residents during the study period. The data were ana- 1 of 10 of the LD serologic tests performed on Maryland
lyzed using statistical programs included in Epi Info 6.0 (CDC, residents.
Atlanta). The increase in number of tests ordered and proportion of

positive EIA test results over the course of our investigation
may be due to changes in LD epidemiology in the state, sensi-Results
tivity and specificity of LD serology, or LD case management

All 17 laboratories used commercial EIA test kits for sero- in Maryland.
logic tests for LD from the following manufacturers: 6, Cam- The number of patients with LD in Maryland reported to
bridge Biotech (Worcester, MA); 5, BioWhittaker (Walk- CDC has increased each year: from 185 in 1992, to 207 in
ersville, MD); 2, MarDx Diagnostics (Carlsbad, CA); and 4, 1993, to 343 in 1994, and to 336 in 1995. We believe this
others. The total number of serologic tests for LD increased trend represents an actual increase in patients as well as an
from 18,144 in 1992 to Ç30,000/year in 1994 and 1995 (table increase in reporting [7]. However, it is important to note that
1). The mean commercial laboratory charge for an EIA test CDC-reported Maryland patients with LD account for only
was $52 (range, $11–$114), while the average charge for the 1.1% of the serologic tests for LD performed in the state each
WB was $106 (range, $92–$128). The average cost of each year. Therefore, doubling the number of reported patients with
WB varied little between laboratories. However, the average LD, as occurred in Maryland between 1992–1993 and 1994–
charge for each EIA was highly variable and was greater than 1995, would not necessarily double the number of diagnostic
$52, since the laboratory performing the most tests (30,958) tests.
charged $114/test. At the other extreme, the Maryland DHMH Following a national conference on LD testing in 1994, the
performed 10,168 EIA tests at no charge and did not perform recommendation was made that a two-test approach be used
WBs. The total charges for LD serology doubled from about for the serodiagnosis of LD [4–6]. The second National Con-
$1 million to $2 million between 1992 and 1994. ference on Serological Diagnosis of Lyme Disease recommen-

The number of WB tests markedly increased from 1992 to dations included lowering the cutoff for a positive EIA test,
1993, when the number of laboratories offering this test in- which resulted in increasing the test’s sensitivity for diagnosing
creased from 1 to 7. Also, the proportion of positive EIA tests LD at the expense of its specificity. It was also recommended
doubled from 3.4% in 1992 to 7.0% and 6.9% in 1994 and that the laboratory perform a WB on serum samples with posi-
1995, respectively. At the same time, the proportion of positive tive or equivocal EIA results. Since the WB, as defined in that
WBs fell from 7.9% in 1992 to 5.0% and 5.5% in 1994 and conference [4–6], was highly specific, this approach should
1995, respectively. Since 1993, Ç10% of the serologic tests ‘‘weed out’’ the large number of false-positive EIAs resulting
for LD have been WBs (table 1). Three laboratories performed from the change in definition of a positive test result. However,
almost 60% of the tests for LD on Maryland residents. many laboratories in Maryland performing the EIA for LD did

not do WBs, and there are potential legal consequences if
laboratories perform (and charge for) tests that were not ordered

Discussion
by the physician. Therefore, Maryland primary care physicians
often retained the responsibility for ordering the second testThe use of serologic tests in managing patients suspected of

having LD or tick-bite exposures in Maryland is increasing in when the EIA was positive or equivocal, and case management
decisions were often made on the basis of results of only anboth number and cost. Our current estimate is that Ç30,000

tests, at a cost in excess of $2 million, are performed each EIA test, often called ‘‘a Lyme titer.’’
The resulting reduction in cutoff for a positive EIA test couldyear. The bulk of this is for EIA screening tests, which cost

about $72 each. However, use of the WB, which costs $106, explain the increase in percentage of positive EIA tests between
1992 and 1994–1995. The increase in number and reducedhas increased in recent years and WB tests now constitute about

Table 1. The use of Lyme disease serology in Maryland: number and type of tests, percentage positive, and cost from 1992 to 1995.

EIA Western blot Total

Year No. Cost ($) % positive No. Cost ($) % positive No. Cost ($)

1992 18,068 1,103,341 3.4 76 6,992 7.9 18,144 1,110,333
1993 21,901 1,485,656 5.6 2071 220,955 4.4 23,972 1,706,611
1994 27,701 1,930,708 7.0 3241 343,547 5.0 30,942 2,274,255
1995 25,753 1,733,269 6.9 2610 277,894 5.5 28,363 2,011,163

NOTE. Total annual cost is based on actual charge for each individual test; 10,168 EIAs performed by Maryland Department of Health and Mental Hygiene
for free were priced at $25 each for calculating total cost.
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proportion of positive WB tests could also be explained by the sample was 80% complete, the corrected numbers of tests per-
formed for those 2 years would be 22,585 and 27,376, respec-reduction in EIA cutoff: The increased number of positive first
tively, suggesting that the physicians we surveyed overesti-tests would trigger more second tests being done, which, in
mated the number of tests they ordered by Ç25% each year.turn, would lead to a lower percentage of positive WB tests,

Only one other study has examined the economic impact ofsince more would be performed on sera from patients whose
LD serology. Ley et al. [8] investigated this in a prepaid healthEIAs were false-positive or equivocal. Also, more stringent
plan in California. Conservatively, assuming a $40 cost for eachcriteria for a positive WB following its standardization would
IFA test performed, they estimated LD serology expenditure toresult in a lower proportion of these second tests being positive
be $16,800 in 1992 and 1993. Furthermore, they found that[4–6].
the majority of tests were not being ordered due to physicianData from this study and other sources show that physicians
suspicion of LD: 35% were requested by the patient, and anin Maryland are using LD serology more often in patient man-
additional 41% were ordered as part of screening tests foragement. They often used EIAs to follow patients after treat-
patients with nonspecific findings. Our results suggest the samement, an inappropriate practice that provides misleading infor-
practice exists in Maryland, and we join the California investi-mation, increases the proportion of positive EIAs, and increases
gators [8] in urging primary care physicians to resist using LDthe overall cost of testing for LD. Also, some physicians have
serology is this inefficient manner.used EIAs and WBs simultaneously while screening for LD.

This increases the cost and reduces the proportion of positive
WBs. Neither of these practices is considered a cost-effective Acknowledgments
use of serology in managing LD [4–6].
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Invasive Phenotype of Vibrio parahaemolyticus

Yukihiro Akeda, Kenichi Nagayama, Koichiro Yamamoto, Department of Bacterial Infections, Research Institute for Microbial
Diseases, Osaka University, Osaka, Japanand Takeshi Honda

Many studies have been done on the virulence factors of Vibrio parahaemolyticus, which causes
acute gastroenteritis. Invasion by this bacterium of culture cells in vitro, however, has not been
clearly demonstrated. To assess the invasive ability of V. parahaemolyticus, quantitative studies
using antibiotic survival assays were done. Of 21 isolates examined, 4 could invade Caco-2 cells, a
human colon carcinoma–derived cell line. Invasion of an isolate, AQ4023, was inhibited by cytocha-
lasin D, nocodazole, and genistein. This indicates that active processes in cells, such as signal
transduction by tyrosine protein kinase, may be involved in the internalization of this bacterium by
Caco-2 cells and that actin filaments and cytoskeletal structure may have important roles in this
process. These results suggested that the disease caused by some isolates of V. parahaemolyticus is
attributable not only to toxin production but also to invasion into intestinal epithelium.

were environmental isolates. Of 18 clinical isolates 17 possessedVibrio parahaemolyticus, a causative agent of gastroenteritis,
the gene encoding TDH or TRH, as determined by polymerasewas discovered in 1950 by Fujino et al. [1]. The pathogenesis
chain reaction [8]; clinical isolate AQ4723 and the 3 environmentalof this organism has been extensively studied with regard to
isolates did not have the genes. The profile of toxin genes possessedtoxins, especially thermostable direct hemolysin (TDH) and
by the isolates is shown in table 1. All clinical isolates but no

TDH-related hemolysin (TRH) [2], and adherence factors, in-
environmental isolates were positive for cell-associated HA, as

cluding the outer membrane, pili, lateral flagella, and cell- determined by a previously described method [4]. The isolates
associated hemagglutinin (HA) [3, 4]. However, the overall were routinely grown in Marine broth (Difco, Detroit) at 377C for
mechanism of enteropathogenesis of V. parahaemolyticus has 18 h. For the invasion assay, isolates were grown at 377C for 3 h
not been elucidated. in LB broth containing 3% NaCl, with agitation to midlogarithmic

phase. Salmonella typhimurium AQB7498 was used as an invasiveIn the early investigations of V. parahaemolyticus pathoge-
control isolate.nicity, tissue invasions in vivo were reported by Boutin et al.

Cell culture. Caco-2, a human colon carcinoma cell line, was[5] and Chattarjee et al. [6]: They showed that the organism
grown at 377C in 5% CO2 in Dulbecco’s modified Eagle minimumpenetrated into the lamina propria and mucosa of rabbit ileum.
essential medium (DMEM) supplemented with 10% fetal calf se-Recently, Hlady and Klontz [7] reported that 8% of V. parahae-
rum.

molyticus infections resulted in primary septicemia and 27%
Invasion assay. The invasion assay was done essentially as

in wound infections. The fact that V. parahaemolyticus can previously described [9]. In brief, Caco-2 cells were seeded onto
cause septicemia suggests that it can invade the epithelium. a 48-well tissue culture plate (106 cells/well), and then 1 mL of
However, the invasive capacity of V. parahaemolyticus in vitro bacterial culture diluted to 109 cells/mL was added, and the cells
has not been studied. Thus, to determine if V. parahaemolyticus were incubated for 3 h at 377C in 5% CO2. The cells were washed

twice with sterile PBS (pH 7.0) and incubated for 1 h in DMEMcan invade Caco-2 cells, 21 isolates (18 clinical and 3 environ-
containing 100 mg/mL kanamycin (to kill extracellular bacteria;mental) of V. parahaemolyticus were examined by use of anti-
all the bacterial isolates were sensitive to 100 mg/mL kanamycin).biotic survival assays.
The monolayers were washed once and lysed with 0.1% Triton
X-100 in PBS, and cell suspensions were plated onto LB agar
containing 3% NaCl to determine the number of intracellular bacte-Materials and Methods
ria. When specific inhibitors were incorporated into the assay, they

Bacterial isolates and growth medium. Most V. parahaemolyt- were added to DMEM and were present throughout the assay.
icus isolates examined in this study were isolated from stools of Assays were repeated three times, each time in duplicate. Results
patients with traveler’s diarrhea at Osaka International Airport are presented as the percentages of bacteria internalized, as calcu-
Quarantine Station. Three isolates (NAHA-1, THI-4, and THI-6) lated from the mean number of colony-forming units (cfu) of the

bacterial isolate internalized in the Caco-2 cells per the number of
bacteria in the original inoculum [9].

Inhibitors. Stock solutions of inhibitors were prepared at the
Received 21 January 1997; revised 18 April 1997. following concentrations in dimethyl sulfoxide: 1 mg/mL cytocha-
Grant support: Ministry of Education, Science, Sports and Culture of Japan. lasin D (Sigma, St. Louis), 10 mg/mL nocodazole (Sigma), and
Reprints or correspondence: Yukihiro Akeda, Dept. of Bacterial Infections, 100 mM genistein (Wako Pure Chemical Industries, Osaka). The

Research Institute for Microbial Diseases, Osaka University, Yamadaoka 3-1,
inhibitors were diluted in DMEM before being added to the Caco-Suita, Osaka 565, Japan.
2 cell cultures.
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Table 1. Characterization and invasion potential of V. parahaemo- were added, and the plates were incubated for 3 h. After incubation,
lyticus isolates against Caco-2 cells. the cells were washed with PBS and fixed in 2.5% glutaraldehyde

with 0.2 M phosphate buffer at 47C for 1 h. After being washed
Bacterial strain Toxin (tdh/trh)* % invasion with 0.1 M phosphate buffer, the cells were postfixed in 1% os-

mium tetroxide (Sigma) for 1 h and dehydrated in an ethanol
V. parahaemolyticus

series. Embedding was done with Epok 812 (Oken, Tokyo) for 3
Clinical

days. Samples were stained with uranyl acetate (Sigma) and leadAQ4023 trh 9.06 { 4.50
citrate (Sigma) before being examined by use of a transmissionAQ4077 tdh 2.97 { 1.38
electron microscope (H7100; Hitachi, Tokyo).AQ4703 trh 1.86 { 1.49

AQ4733 trh 1.81 { 0.51
AQ3996 trh 0.04 { 0.04
AQ4673 trh 0.04 { 0.02 Results
AQ4674 tdh 0.01 { 0.003
AQ4680 tdh 0.06 { 0.03 Twenty-one isolates of V. parahaemolyticus were examined
AQ4686 trh 0.01 { 0.01 by use of a kanamycin survival assay (invasion assay) with
AQ4690 tdh 0.20 { 0.10

Caco-2 cells. The results are expressed by percent invasion, as
AQ4696 trh 0.02 { 0.01

described in Materials and Methods. As determined by theAQ4700 tdh 0.23 { 0.17
assay, 4 of 18 clinical isolates of V. parahaemolyticus had anAQ4713 trh 0.01 { 0.05

AQ4723 — 0.43 { 0.07 invasive phenotype (table 1). An isolate was considered inva-
AQ4728 tdh 0.43 { 0.20 sive if ú1% of the original inoculum was internalized. Recov-
AQ4750 tdh 0.001 { 0.001

eries of isolates AQ4023, AQ4077, AQ4703, and AQ4733 were
AQ4758 trh 0.04 { 0.02

1.81%–9.06% of the original inoculum after infection of Caco-AQ4761 trh 0.002 { 0.001
2 cells; isolate AQ4023 showed the highest rate (9.06%). TheseEnvironmental

NAHA-1 — 0.10 { 0.05 rates, however, were lower than that for an invasive control
THI-4 — 0.23 { 0.12 isolate (S. typhimurium AQB7498; 12%). To confirm the inva-
THI-6 — 0.01 { 0.10

sion potential of V. parahaemolyticus, transmission electron
Salmonella typhimurium

microscopy was used to examine isolate AQ4023: internalizedAQB7498 12.00 { 3.00
bacterial cells of the isolate were surrounded by the membrane

NOTE. tdh, gene encoding thermostable direct hemolysin (TDH); trh, gene in Caco-2 cells (data not shown).
encoding TDH-related hemolysin. Results are no. (mean { SD) of bacteria

It has been reported that cytoskeletal and tyrosine proteinsurviving incubation with kanamycin, as proportion of inoculated bacteria.
kinase inhibitors block cell invasion by various pathogenic* Toxin gene profile detected by polymerase chain reaction.

bacteria [10]. In this study, Caco-2 cells were pretreated with
cytochalasin D (actin accumulation inhibitor; 0–1 mg/mL; 30
min), nocodazole (microtubule inhibitor; 0–20 mg/mL; 30
min), or genistein (tyrosine protein kinase inhibitor; 0–200
mM; 10 min) before challenge with isolate AQ4023. As shown
in figure 1, internalization of the invading isolate was inhibited

Figure 1. Effects of various concentrations of inhibitors (cytochalasin D, nocodazole, and genistein) on Caco-2 cell invasion by V. parahaemo-
lyticus AQ4023. Baseline level of invasion of AQ4023 was considered 100%; % inhibition of invasion to original level by increasing
concentrations of inhibitors is indicated on vertical axis. Results are means { SDs of 3 independently repeated assays, each done in duplicate.

/ 9d31$$se29 07-24-97 11:56:02 jinfa UC: J Infect



824 Concise Communications JID 1997;176 (September)

as a dose-dependent function of inhibitor concentration. In the To our knowledge, this is the first study to show that V.
parahaemolyticus has an invasive phenotype in vitro, and thisassay using genistein, the shorter pretreatment time was enough

to inhibit invasion. These three inhibitors had no effect on the phenotype may relate to V. parahaemolyticus pathogenesis in
disease. Further detailed study is needed for this determination.viability of isolate AQ4023 and its adherence to Caco-2 cells

(data not shown).
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Reciprocal Changes in Circulating Interleukin-6 and Its Soluble Receptor during
Evolving Sepsis in Leukocytopenic Patients

Helmut Ostermann, Karsten Kratz-Albers, Department of Internal Medicine, Division of Hematology and
Oncology, University of Muenster, Muenster, GermanyRolf M. Mesters, Michael Kiehl, and Joachim Kienast

Plasma concentrations of interleukin-6 (IL-6) and its soluble receptor (sIL-6R) were serially
determined in 32 patients with acute myeloid leukemia who developed severe sepsis (n Å 19) or
septic shock (n Å 13) during chemotherapy-induced leukocytopenia (£1 1 109/L). Starting within
2 h of fever onset, IL-6 levels rose significantly over baseline in both groups to markedly higher
levels in patients with evolving septic shock (medians: 372 vs. 3671 pg/mL; Põ .001). Simultaneously,
sIL-6R significantly decreased to lower levels in shock patients than in septic patients without
hypotension (53 vs. 93 ng/mL; P Å .02). This pattern was maintained throughout the observation
period of up to 6 days. In patients with fatal sepsis, peak IL-6 levels were significantly higher than
in survivors (P õ .001), whereas minimum sIL-6R levels were markedly lower (P Å .003). The
reciprocal changes in circulating IL-6 and sIL-6R suggest a role for sIL-6R in modulating the effects
of IL-6 during evolving sepsis in leukocytopenic patients.

Experimental and clinical data demonstrate that the proin- Patients with acute myeloid leukemia (AML) are at high
risk of developing severe life-threatening infections during che-flammatory cytokines interleukin (IL)-1 and tumor necrosis

factor (TNF)-a are important mediators of severe sepsis. In motherapy-induced leukocytopenia. Despite the substantial re-
duction in circulating monocytes and granulocytes, they arecontrast, IL-6 is considered a marker rather than a mediator of

the systemic inflammatory response to infection. The levels of capable of mounting a cytokine response during severe sepsis
that is similar to that in nonleukocytopenic patients [12]. Wecirculating IL-6 in septic patients correlate well with the sever-

ity of disease and mortality rates [1–3]. However, IL-6 has have therefore chosen this homogeneous patient population to
study the time course and interdependence of circulating levelsbeen shown to confer protection from otherwise lethal doses

of microbial agents in experimental models [4, 5] and rather of IL-6 and sIL-6R during the evolution of severe septic events
in leukocytopenia.appears to act as an antiinflammatory cytokine (e.g., by induc-

ing the production of IL-1 receptor antagonist and soluble TNF
receptor) [6].

Circulating soluble receptors modulate biologic cytokine activ- Patients and Methods
ities. For example, low levels of soluble TNF receptor enhance

Patients. Consecutive adult patients with AML who under-TNF signaling, perhaps by stabilizing the ligand, whereas higher
went myelosuppressive chemotherapy for remission induction orconcentrations block the bioavailability of circulating TNF-a [7].
consolidation were recruited. Patients were excluded if they hadIL-6 exerts its signal via a membrane receptor consisting of a
evidence of infection before completion of chemotherapy or seri-

ligand-binding 80-kDa subunit (gp80) and a 130-kDa signal-
ous comorbid conditions or did not provide written informed con-

transducing glycoprotein (gp130) [8]. The soluble IL-6 receptor sent to participate. During chemotherapy-induced leukocytopenia
(sIL-6R) is a 50- to 55-kDa ligand-binding protein generated by (£1 1 109/L), patients were monitored for severe septic events
limited proteolysis and shedding from the gp80 subunit [9, 10]. as defined by standard clinical criteria [13]. Severe sepsis was
sIL-6R bound to its ligand can induce an IL-6 signal in cells that diagnosed when fever (ú387C) associated with tachycardia (ú90

beats/min) and tachypnea (ú20 breaths/min) or hyperventilationexpress gp130 but otherwise lack the ligand-binding domain of
(PaCO2 õ32 mm Hg) occurred in the presence of suspected orthe receptor [8, 10, 11]. This implies that sIL-6R has a biologic
documented infection and if one or more of the following signsrole in promoting IL-6 activity.
of inadequate organ perfusion were present: elevated plasma lac-
tate levels (ú1.8 mmol/L), hypoxemia (PaO2/FiO2 ratio õ280),
oliguria (urine output õ30 mL/h or 0.5 mL/kg of body weight/h

Received 5 December 1996; revised 21 March 1997. without corrective therapy), or an acute alteration in mental status.
Presented in part: Annual Congress of the German and the Austrian Society

The diagnosis of septic shock was made if, in addition, there wasof Hematology and Oncology, Dusseldorf, Germany, October 1996 (abstract 34).
a sustained decrease in systolic blood pressure to õ90 mm Hg orThe study protocol was approved by the local ethics committee. All patients

gave written informed consent. of ú40 mm Hg from baseline or the need for vasopressor therapy
Reprints or correspondence: Dr. H. Ostermann, Dept. of Internal Medicine, for at least 1 h despite adequate fluid resuscitation and in the

Division of Hematology and Oncology, University of Muenster, Albert-
absence of other causes for hypotension.Schweitzer-Str. 33, D-48129 Muenster, Germany.

Blood sampling. Baseline plasma samples were obtained prior
The Journal of Infectious Diseases 1997;176:825–8

to the institution of chemotherapy (sample A) and following itsq 1997 by The University of Chicago. All rights reserved.
0022–1899/97/7603–0048$02.00 completion when the white blood cell count and the absolute neu-
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trophil count had decreased to £1 1 109/L and £0.5 1 109/L, Table 1. Patient characteristics according to the severity of septic
events.respectively (sample B). Serial plasma sampling was started within

2 h of the onset of fever. In 19 patients who developed severe
Severe sepsis Septic shocksepsis and in 13 patients with septic shock, complete sets of plasma

Variable (n Å 19) (n Å 13) Psamples obtained at 6, 12, 18, 24, 36, 48, 72, and 144 h after onset
of fever were available for the determination of IL-6 and sIL-6R

Age, years, median (range) 52 (27–77) 55 (35–65) ns*
concentrations. For plasma preparation, venous blood was col- Sex, no. (%) ns†

lected into endotoxin-free tubes containing EDTA. Within 60 min Male 15 (79) 8 (62)
of blood sampling, plasma was separated by centrifugation (2000 Female 4 (21) 5 (38)
g, 30 min), aliquoted, and frozen in liquid nitrogen. Plasma samples Duration of leukocytopenia before

onset of sepsis, days, medianwere stored at 0807C until assayed.
(range) 11 (1–37) 27 (4–109) .025*Controls. As controls, plasma samples were collected from 22

WBCC at onset of sepsis, 1109/L,healthy subjects (10 men, 12 women) with a median age of 42
median (range) 0.1 (0.1–0.9) 0.1 (0.1–0.3) ns*years (range, 30–59).

Blood culture positive, no. (%) 7 (37) 5 (38) ns†

IL-6 and sIL-6R determinations. The concentrations of IL-6
Gram-positive bacteria 4 4

and sIL-6R in plasma samples were determined by commercially
Gram-negative bacteria 3 1

available EIAs according to the manufacturers’ instructions. The Microbiologically documented
IL-6 assay was obtained from Medgenix (Ratingen, Germany), infection, no. (%), total 14 (74) 7 (54) ns†

and the sIL-6R ELISA was purchased from Laboserv (Giessen, Gram-positive bacteria 9 6
Germany). Lower limits of detection were 3 pg/mL for IL-6 and Gram-negative bacteria 2 1

Fungi 2 00.5 ng/mL for sIL-6R. The addition of IL-6 to plasma did not
Mixed 2 0influence the detection of sIL-6R and vice versa.

Statistical analyses. The influence of disease severity (severe
NOTE. ns, not significant; WBCC, white blood cell count.sepsis or septic shock) and time on the course of cytokine concen-
* Mann-Whitney U test.

trations was examined by analysis of variance (ANOVA) using † x 2 test.
log-transformed data. For comparisons of data sets within or be-
tween patient groups, the univariate Mann-Whitney U test was
employed. The level of significance was set at 0.05, with adjust-

sIL-6R plasma concentrations in AML patients before che-
ments made according to Bonferroni when appropriate. Spear-

motherapy did not differ from those measured in healthy sub-man’s correlation coefficient was used to calculate the relationship
jects (medians: 227 vs. 200 ng/mL, P Å .5), but a significantbetween IL-6 and sIL-6R levels. Data are presented as medians
decrease was observed in leukocytopenia following completionand interquartile ranges unless otherwise stated.
of chemotherapy (baseline samples A vs. B, PÅ .03; see figure
1). Baseline sIL-6R plasma levels did not differ between patientResults
groups. At the onset of fever, sIL-6R further decreased to

Thirty-two patients with AML and severe septic events dur- significantly lower levels in shock patients than in septic pa-
ing chemotherapy-induced leukocytopenia were enrolled. tients without hypotension (medians: 53 vs. 93 ng/mL, P Å
Nineteen patients had severe sepsis without hypotension and .02). sIL-6R concentrations in shock patients remained lower
13 patients suffered a septic shock, which was fatal in 8 cases. than those in the severe sepsis group throughout the observation
Thus, the mortality rates for all severe septic events and for period (ANOVA, P õ .001). The nadir of sIL-6R levels in
septic shock were 25% and 62%, respectively. The patient patients with fatal sepsis was significantly lower than in survi-
characteristics are shown in table 1. vors (figure 1, insert). Overall, sIL-6R plasma concentrations

Median IL-6 plasma levels in AML patients before chemo- were inversely correlated to IL-6 levels (r Å 0.58, P õ .001).
therapy were slightly higher than in healthy control subjects
(27 vs. 5 pg/mL, Põ .001). However, baseline IL-6 concentra-

Discussion
tions were not significantly different between patients who sub-
sequently developed severe sepsis or septic shock (medians: Since the study was conducted in leukocytopenic patients at

high risk of developing severe septic complications, we weresample A, 25 vs. 28 pg/mL, P Å .7; sample B, 93 vs. 28 pg/
mL, PÅ .5). At the onset of fever, IL-6 plasma levels increased able to record the levels of circulating IL-6 and sIL-6R from

baseline to onset of fever and throughout the evolution ofin both groups of patients, with significantly higher levels being
observed in those with evolving septic shock (medians: 372 severe sepsis and septic shock. The data demonstrate a rapid

rise in IL-6 levels at the onset of septic episodes, with a con-vs. 3671 pg/mL, Põ .001). Throughout the observation period,
IL-6 levels in septic shock patients remained distinctly higher comitant decrease in sIL-6R concentrations. This reciprocal

pattern was maintained throughout the septic events up to athan in septic patients without hypotension (ANOVA, P õ
.001; figure 1). Peak IL-6 plasma concentrations in patients maximum observation period of 6 days.

Our findings in leukocytopenic patients are in line with thewith fatal sepsis were significantly higher than in survivors of
septic events (figure 1, insert). cross-sectional data reported by Frieling et al. [14]. They stud-
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pletion of chemotherapy (sample B). This might be explained
by the clearance of leukemic blast cells, which indeed have
been shown to express IL-6R [15]. However, sIL-6R levels in
AML patients before chemotherapy were not different from
those measured in healthy subjects, suggesting that the toxic
effects of chemotherapy are more likely to account for this
observation.

At variance to the report by Frieling et al. [14], our longitudi-
nal data demonstrate that both the increase in IL-6 plasma
levels and the decrease in circulating sIL-6R are related to the
severity of septic events (severe sepsis vs. septic shock, nonfa-
tal vs. fatal events). Thus, when serially determined, both
parameters are markers of disease severity and prognosis in
leukocytopenic patients with sepsis. However, whether mea-
surements of either or both parameters will be clinically useful
remains to be shown in a prospective setting.

The decrease in circulating sIL-6R coincident with the rise
in IL-6 levels may be due to augmented complex formation
with the ligand and its subsequent clearance or to decreased
generation of sIL-6R in sepsis. The latter could result from
diminished expression of sIL-6R or from decreased shedding
from the gp80 subunit of the membrane receptor. IL-6R has
been shown to be down-regulated after binding to IL-6 and
may thus become unavailable for shedding with a consecutive
decrease in circulating sIL-6R [16]. As the physiologic regula-
tion of sIL-6R levels is not entirely elucidated, the sepsis-
related decrease cannot be explained at this stage. However, it
remains important to consider that sIL-6R complexed to its
ligand is capable of inducing an IL-6 signal in cells and tissues
that do not express the ligand-binding portion of its receptor
[8, 10, 11]. Our data therefore support the concept that sIL-6RFigure 1. Time course of plasma levels of IL-6 and its soluble

receptor (sIL-6R) is shown for patients with evolving severe sepsis has a role in modulating the biologic effects of IL-6 in severe
without hypotension (l) and those with evolving septic shock (l). sepsis and septic shock.
Data are medians and interquartile ranges. A, Baseline determinations
before institution of myelosuppressive chemotherapy. B, Baseline
measurements in leukocytopenia after completion of chemotherapy.
Subsequent samples were collected at onset of fever and at defined
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Association of Recurrent Vaginal Candidiasis and Secretory ABO and Lewis
Phenotype

Walter Chaim,* Betsy Foxman, and Jack D. Sobel Division of Infectious Diseases, Department of Obstetrics and
Gynecology, Wayne State University School of Medicine, Detroit

Medical Center, Detroit, and Department of Epidemiology, School of
Public Health, University of Michigan, Ann Arbor, Michigan

The relationship between ABO-Le secretor phenotype and susceptibility to recurrent idiopathic
vulvovaginal candidiasis (RVVC) was investigated. ABO and Lewis blood typing was done for 38
women with RVVC (case-patients) and for women in 2 control groups, consisting of 58 healthy
women, who were friends identified by case-patients, and 38 race-matched, healthy hospital employ-
ees. The 3 groups were similar with regard to age and race. There was no difference in the distribution
of ABO phenotype between case-patients and controls. Case-patients were more likely than members
of either control group to have Le(a/b0) (nonsecretor) rather than Le(a0b/) (secretor) blood type.
With combined nonsecretor Le(a/b0) phenotype and absence of the Lewis gene Lea0b0, the relative
risk of chronic recurring vulvovaginal candidiasis was 2.41–4.39, depending on the analysis tech-
nique and control group. In conclusion, there is an increased frequency of ABO-Le nonsecretor
status among women with RVVC.

The etiology of recurrent vulvovaginal candidiasis remains antigens. H antigen is present in body fluids of secretors of the
ABO blood groups, and in 94% of the secretors, there will alsounknown. Only rarely are secondary precipitating or underlying
be Le(a) and Le(b) antigen. Although vaginal epithelia fromcontributory factors identified [1].
women with recurrent candidal vaginitis have not shown in-The first step in vaginal mucosal colonization by Candida
creased cell affinity for adherence of Candida species in vitrospecies is adherence to the vaginal epithelial cells [2]. Fucose,
[6], we hypothesized that secretor status could influence sus-which inhibits in vitro binding of yeast to human vaginal epi-
ceptibility to vaginal colonization by Candida fungi. Buford-thelial cells [3–5], is also the immunodominant sugar of the
Mason et al. [7] determined that nonsecretor status was simi-H antigen of blood group O and a terminal component of Lewis
larly a risk factor for oral carriage of Candida albicans, and
Hilton et al. [8] recently reported finding a possible genetic
predisposition to recurrent candidal vulvovaginitis. Women

Received 21 January 1997; revised 21 April 1997. prone to infection had a higher frequency of Le(a0b0) nonse-
Informed consent was obtained from patients according to the guidelines of cretor phenotype than did healthy controls. The aim of this

the US Department of Health and Human Services and those of Wayne State
study was to confirm the relationship between ABO-Le secretorUniversity’s Human Investigation Committee.
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The Journal of Infectious Diseases 1997;176:828–30
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0022–1899/97/7603–0049$02.00 State Vaginitis Clinic. They were limited to human immunodefi-
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ciency virus–seronegative women without diabetes mellitus or Table 1. Distribution of blood types among women with chronic
recurring vulvovaginal candidiasis (case-patients), friend controls, andimmunosuppression, who were not receiving treatment with corti-
race-matched hospital employees.costeroids.

Case definition. Vulvovaginal candidiasis (VVC) was defined
Controlsas an episode of acute onset of vaginal soreness, irritation, vulvar

burning, itching, dyspareunia, vaginal pH between 4 and 4.5, posi-
Blood phenotype Case-patients Friends Hospital employees

tive saline or 10% KOH wet-mount microscopic examinations,
and a positive yeast culture. Women were considered to have A 12 (32) 24 (41) 14 (37)
recurrent idiopathic vaginitis if they had a documented culture- B 6 (16) 9 (16) 4 (11)

O 18 (47) 21 (36) 16 (42)confirmed episode of acute VVC, history of more than three con-
AB 2 (5) 4 (7) 4 (11)firmed episodes of VVC during the year prior to being placed on

antimycotic maintenance therapy at the clinic, and development Le(a/b0) 13 (34) 8 (14) 6 (16)
of a symptomatic culture-proven episode of VVC while on mainte- Le(a0b/) 18 (47) 44 (76) 26 (68)
nance antifungal therapy (fluconazole, 100 mg/week; clotrimazole, Le(a0b0) 7 (18) 6 (10) 6 (16)
500 mg/week) or a relapse of symptomatic and culture-proven

Total 38 (100) 58 (100) 38 (100)VVC within 3 months or two relapses in 6 months after cessation
of 6 months of maintenance antifungal therapy. Only patients with NOTE. Data are no. (%) of subjects. Distribution of Lewis blood group
infections caused by C. albicans were eligible. Patients presenting was significantly different between cases and friend controls (P Å .015).
with mixed infections, including bacterial vaginosis and trichomo-
niasis, were excluded.

Data analysis. Data were entered using Microsoft Excel [9].Patient population. Thirty-eight women meeting the case
SAS software (SAS Institute, Cary, NC) was used for data manage-definition were identified (case-patients). Because the clinic is a
ment and analysis [10]. Exact 95% confidence intervals were calcu-tertiary clinic, it is difficult to determine the underlying population
lated around crude odds ratios, using Epi Info (version 6.0; CDC,for study. Therefore, we established 2 control groups: One con-
Atlanta) [11]. For the matched-pair analysis, we calculated thesisted of friends of the case-patients; the other consisted of hospital
Mantel-Haenszel summary odds ratio, test-based confidence inter-employees. It was assumed that friends would be similar with
vals, and the Logit estimator with precision-based confidencesrespect to sociodemographic status and behavior, including use of
intervals, using SAS software [10].medical services, and would therefore reflect the underlying study

population. Each case-patient was asked to identify 3 female
Resultsfriends for participation in the study. Friends meeting study criteria

were interviewed by telephone; blood samples were obtained from Most case-patients (95%), friend controls (98%), and hospi-
the women either at the clinic or in their homes. Hospital employ- tal employee controls (95%) were white. Cases were slightly
ees provide a convenience sample of healthy women for compari- older (mean age, 39 { 10 years) than either friend controls
son and have been used in similar studies. Female hospital employ- (mean, 38.7 { 8.7) or hospital employees (mean, 37.6 { 8.1),
ees of the same age and race as case-patients were asked to but the differences were not statistically significant.
volunteer; blood samples were collected from those meeting eligi- There was no difference in the distribution of ABO pheno-
bility criteria. type between case-patients and either control group (table 1).

Methods. An antecubital vein blood sample was obtained for
However, the distribution of Lewis phenotype was statistically

ABO and Lewis blood group phenotyping from each study partici-
different between case-patients and friend controls, with case-pant. A clotted specimen of whole blood (red tube) was properly
patients being more likely to have Le(a/b0) (nonsecretor)labeled and centrifuged for 2 min at high speed. The serum was
than Le(a0b/) (secretor) blood group (x2, P Å .015). Theremoved and placed in a second labeled tube. ABO phenotyping
distribution of Lewis phenotype among hospital employees was(forward and reverse typing) was done by macroscopic hemagglu-
similar to that for friend controls; however, it was not statisti-tination: one drop of anti-A, anti-B, and anti-A, B, (Immucor,
cally significantly different from that for case-patients (P ÅNorcross, GA) was added to a 4% test cell suspension, which was

then centrifuged for 20 s at high speed. .12), probably because there were only 38 hospital employees,
Le(a) and Le(b) phenotyping were done by use of anti-Le(a) compared with 58 friend controls.

and anti-Le(b) murine monoclonal antibodies (Immucor). One drop Combining nonsecretor phenotype with absence of the Lewis
of 5% cell suspension of test cells was added to a test tube filled gene, we estimated risk of chronic recurring vulvovaginal can-
with saline for washing of the blood cells, and the tube was centri- didiasis for nonsecretors compared with secretors. The risk of
fuged at high speed for 20 s. The saline was decanted, and one recurring vulvovaginal candidiasis for nonsecretors was esti-
drop of anti-Le(a) added to the test tube. After 5 min of incubation mated to range from 2.41 to 4.39, depending on the analysis
at room temperature and further centrifugation at high speed for

technique and control group (table 2).
25 seconds, macroscopic agglutination was determined. A similar
procedure was done in another test tube with a suspension of 5%

Discussion
cell suspension and a drop of anti-Le(b). The positive and negative

In our study, women with recurrent VVC were more likelycontrols for phenotyping consisted of cells positive for or lacking
the antigen (Gamma Biologicals, Houston), respectively. than friend controls or hospital employee controls to have the
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Table 2. Risk estimates for recurrent vulvovaginal candidiasis for hospital employees, was smaller; while this negatively affected
nosecretor, Le(a/b0) and Le(a0b0), compared with secretor pheno- the precision of the estimate, the odds ratio was again somewhat
type, Le(a0b/), by control group and analysis technique. similar in magnitude and direction to that observed with friend

controls.Control group OR (95% confidence interval)
Our data suggest that Lewis blood group phenotyping may

Friend controls (matched analysis) be a marker of patients at risk for recurrent vulvovaginal candi-
Mantel-Haenszel summary OR 4.39 (1.60–12.05) diasis. If the relative risk for recurrent vulvovaginal candidiasis
Logit OR 2.97 (1.23–7.19) among nonsecretors is 3, this implies that 67% of women with

Friend controls (unmatched analysis) 3.49 (1.33–9.20)
recurrent vulvovaginal candidiasis and nonsecretor phenotypeHospital employee controls 2.41 (0.86–6.83)
can attribute their vulvovaginal candidiasis to their nonsecretor

White friend and hospital employee phenotype. Assuming that 32% of the population has a Lewis
matched with white case-patients 3.21 (1.33–7.73)

nonsecretor phenotype, this phenotype may explain as much
NOTE. OR Å odds ratio. as 21% of chronic recurring vulvovaginal candidiasis (67% 1

32%). Further studies should examine whether mucosal surface
differences as well as those in vaginal secretions explain the
susceptibility of some women to repeated bouts of vaginal

nonsecretor phenotype, Le(a/b0) or Le(a0b0). In both con-
candidiasis in the absence of other known predisposing factors.

trol groups, secretor phenotype, Le(a0b/), predominated. Our
results are similar to those of Hilton et al. [8]; however, they
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The Effects of Inadvertent Exposure of Mefloquine Chemoprophylaxis on
Pregnancy Outcomes and Infants of US Army Servicewomen

Bonnie L. Smoak,* James V. Writer, Lisa W. Keep,* Division of Preventive Medicine, Walter Reed Army Institute of
Research, Washington, DC; SRA, Inc., Alexandria, Virginia; US ArmyJane Cowan, and Judith L. Chantelois*

Medical Department Activity, Preventive Medicine Service,
Fort Campbell, Kentucky

During US military operations in Somalia, mefloquine, a drug for malaria chemoprophylaxis,
was not approved for use in pregnant women. Some female soldiers inadvertently used mefloquine
before becoming aware of their pregnancy. A registry was established to follow the outcomes of
these pregnancies. Questionnaires were administered at the time the pregnancy was diagnosed, after
termination or delivery, and at 1 year after birth. Seventy-two soldiers were eligible for the registry.
There were 17 elective abortions, 12 spontaneous abortions, 1 molar pregnancy, and 23 live births.
The outcome for 19 soldiers was unknown. An unexpected high rate of spontaneous abortions was
observed. All infants were healthy at birth, with no major congenital malformations. One infant
died at 4 months of viral pneumonitis. At 1 year of age, 13 infants were reported to be healthy,
with normal cognitive and motor development. This study provides additional postmarketing data
that mefloquine does not cause gross congenital malformations.

There are few antimalarial drugs that are effective and can While pregnant soldiers are not deployable, their fetuses may
be inadvertently exposed to mefloquine if the soldier has notbe used safely for chemoprophylaxis in pregnant women [1].

Mefloquine (Lariam, Hoffman-La Roche, Nutley, NJ), the rec- become aware of her condition before or during the deploy-
ment. This situation occurred when female soldiers were de-ommended drug for chemoprophylaxis in most malarious areas

because of its effectiveness against chloroquine-resistant Plas- ployed to Somalia during Operations Restore Hope and Con-
tinue Hope, 1992–1994. All soldiers, except those for whommodium falciparum [2], was not initially approved for use in

pregnant women. Animal studies indicated some teratogenicity it was contraindicated, used mefloquine (250 mg each week)
for malaria chemoprophylaxis. Loading doses of mefloquinein mice and rats at doses of 100 mg/kg/day [3]. This is much

higher than the chemoprophylactic dosage for a 70-kg person were not used. Before the deployment, female soldiers were
advised that mefloquine taken during pregnancy posed a poten-of 0.5 mg/kg/day. One study in a refugee population indicated

that mefloquine could be safely administered in the latter half tial risk to the fetus, that they should not become pregnant
while on mefloquine, and that pregnancy should be delayedof pregnancy (ú20 weeks of gestation) [4], but there are few

data about its effect on the fetus during the first trimester. for at least 2 months following the last dose of mefloquine. In
March 1993, the Division of Preventive Medicine at WalterAlthough the risk to the human fetus is thought to be low,

there is insufficient information available to establish the abso- Reed Army Institute of Research was asked by the US Army
Office of the Surgeon General to establish a registry of alllute safety of mefloquine use during pregnancy [5].
female soldiers who had been deployed to Somalia and had
inadvertently taken mefloquine during pregnancy or shortly
before conception. In this report, we will describe the outcome

Received 14 October 1996; revised 24 March 1997. of these pregnancies and the health of exposed infants.
Presented in part: American Society of Tropical Medicine and Hygiene

meeting, Baltimore, December 1996.
Informed consent was obtained from the women and for their children.

MethodsHuman experimentation guidelines of the US Department of Defense were
followed.

Upon laboratory confirmation of the pregnancy in Somalia,The opinions and assertions contained herein are the private ones of the
authors and are not to be construed as official or reflecting the views of the mefloquine chemoprophylaxis was discontinued, and the soldiers
US Army or the Department of Defense. were transported to nonmalarious areas. The names and social

Grant support: Defense Women’s Health Research Program. security numbers of these soldiers were forwarded to the registry.
Reprints or correspondence: Mr. James V. Writer, Division of Preventive

Because of the premature termination of the mefloquine regimen,Medicine, Walter Reed Army Institute of Research, Washington, DC 20307-
each soldier was counseled about her risk for malaria. They were5100.

* Present affiliations: US Army Medical Research Unit—Kenya, Unit 64109 told that the risk of congenital abnormalities to the fetus from
(B.L.S.); US Army Medical Department Activity, Preventive Medicine Service, exposure to mefloquine was thought to be low and that there were
Fort Drum, New York (L.W.K.); Department of Obstetrics and Gynecology,

no known medical reasons for terminating their pregnancy [6].US Army Medical Department Activity, Fort Campbell, Kentucky (J.L.C.).
Each soldier was also informed of the registry. Army physicians

The Journal of Infectious Diseases 1997;176:831–3
outside Somalia were notified of the registry and were directed toq 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0050$02.00 similarly counsel all pregnant soldiers who had been inadvertently
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exposed to mefloquine and to forward the soldiers’ names and
social security numbers to the registry.

Information about the pregnancy, delivery, and infant was ob-
tained from three questionnaires. The first, given when the soldier
was first identified as pregnant, gathered demographic data and
mefloquine exposure history. A second questionnaire was adminis-
tered to collect information on the outcome of the pregnancy. If
the soldier carried her baby to term, data were also collected on
prior pregnancy histories and outcomes, the current pregnancy
and delivery history, and the infant. The third questionnaire was
completed 1 year after the birth of the infant and documented
the health and development of the child. The questionnaires were
completed by health care providers after a chart review or a tele-

Figure 1. Distributions of total doses of mefloquine taken by sol-phone interview with the soldier. Soldiers were considered lost to
diers who had live births, elective abortions, and spontaneous abor-follow-up if we were unable after six attempts to contact them by
tions. Box represents 25th and 75th percentiles; vertical line representstelephone or if the soldier had been discharged from the army.
range; median is horizontal line. * Mean.

Results
One infant died at 4 months of age of viral pneumonitis.

Seventy-two soldiers were identified as having used meflo-
The cause of death was verified by autopsy, as noted on the

quine during their pregnancy. Of these, 17 had elective abor-
death certificate. Health information on 13 other infants was

tions, 12 had spontaneous abortions, 1 had a molar pregnancy,
obtained at 1 year of age. All were reported to be healthy and

and 23 had live births. The outcome of the pregnancy was not
had normal cognitive and motor development. Two of the 13

known for 19 of the 72 soldiers. Of these 19 soldiers, 14 had
infants were reported to be small for their ages, but both had

left the service before information about the pregnancy out-
small parents. Information was unavailable for 9 (39%) of the

come could be obtained and 2 refused to participate. Three
infants 1 year after their birth. Most of their mothers had left

were still on active duty, but information could not be obtained.
the army.

The molar pregnancy was diagnosed at 11 weeks of gestation
in a black 22-year-old soldier. The ages of the 17 soldiers who
had elective abortions ranged from 19 to 32 years (median, Discussion
23). Most were not married (n Å 12, 71%). Two were married
and 1 was divorced. The marital status of 2 soldiers was un- Our data add further information about the use of mefloquine

in pregnant women. We observed no congenital malformationsknown.
The ages of the 12 soldiers who had spontaneous abortions in babies who were exposed to mefloquine in the first trimester,

but this conclusion is limited by the small sample size. Our dataranged from 18 to 32 years (median, 22.5). The mean estimated
gestational age at the time of the spontaneous abortion was 9.3 are consistent with the few reports in the literature. Balocco and

Bonati [7] did not find any malformations or perinatal patho-weeks (range, 6–12). The average number of mefloquine doses
that the fetuses were exposed to was 5.7 (range, 2–12). The logic symptoms in 11 babies born from 10 deliveries to mothers

who had used mefloquine during the first trimester. In addition,total doses of mefloquine taken by soldiers who had spontane-
ous abortions was similar to that among soldiers who had live there were no congenital birth defects reported in a group of

99 travelers whose fetuses had been inadvertently exposed tobirths or elective abortions (analysis of variance, P Å .12;
figure 1). The rate of spontaneous abortions (12/36) in this mefloquine in the first trimester [1].

The rate of spontaneous abortions observed in our registry iscohort was 33% (95% confidence interval, 19.5%–49.8%).
There were 23 live births. Fourteen soldiers (61%) were higher than that reported in other studies. Among the travelers

mentioned above, the rate was 7.6% [1]. In a review of asingle and 9 were married. Their ages ranged from 18 to 27
years (median, 21). Fourteen soldiers (61%) were primigravida. pharmaceutical database that monitored 331 European women

who had inadvertently taken mefloquine during the first trimes-The average number of mefloquine doses that the fetuses were
exposed to was 6.8 (range, 1–16). There were 9 female infants ter, the rate was 9% [1]. This was not statistically different

from the rate in women who had used other antimalarial drugs(39%). All of the infants were healthy at birth. Their average
1- and 5-min APGAR scores were 8.1 and 9.0, respectively. or from a quoted 7%–12% background rate among women

with clinically ascertained fetal loss.The infants’ sizes were appropriate for their gestational age.
Their weight ranged from 2693 to 4167 g. There were no There are several possible explanations for the higher rate

of spontaneous abortions in our study. It may be a result ofcongenital malformations. Two abnormalities were noted on
the neonatal physical examinations. One infant was jaundiced our close monitoring of all pregnancies that occurred within

our cohort. This prospective surveillance system could noteand the other had a pilonidal sinus.
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early pregnancy losses that might not have been reported in a first trimester to the Malaria Section, CDC, telephone
(770) 488-7760 for continued assessment of pregnancy out-passive data collecting system. The rate may also be inflated

by the high number of elective abortions that occurred. Had comes.
these pregnancies progressed to normal deliveries, the denomi-
nator for the spontaneous abortion rate would have been
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Cryptosporidiosis-Induced Impairment of Ion Transport and Na/-Glucose
Absorption in Adult Immunocompromised Mice

Nathalie Kapel, Jean Francois Huneau, Denis Magne, Laboratoire de Biologie Animale et Parasitaire, UFR des Sciences
Pharmaceutiques et Biologiques, Université René Descartes, Service deDaniel Tomé, and Jean-Gérard Gobert

Parasitologie à Orientation Coprologique, Groupe Hospitalier Pitié-
Salpêtrière, and Institut National de la Recherche Agronomique, Unité

de Nutrition Humaine et Physiologie Intestinale, Institut National
Agronomique—Paris-Grignon, Paris, France

Electrolyte transport was investigated during chronic cryptosporidiosis in adult anti– interferon-
g–treated SCID mice by means of Ussing chamber techniques. In basal conditions, infection of
immunocompromised mice with Cryptosporidium parvum resulted in a 30% reduction (P õ .05) in
the ileal short-circuit (Isc) current related to a 28% reduction (P õ .05) in tissue conductance
compared with controls. The rises in Isc and transepithelial potential difference induced by glucose
(10 mM) were significantly reduced by Cryptosporidium infection (P õ .01) compared with controls.
In contrast, responses to mucosal glutamine were marginally affected. Electrical parameters of
the ileum were not affected by the addition of indomethacin or furosemide, in either control or
Cryptosporidium-infected mice. Thus, long-term cryptosporidiosis in immunocompromised animals
leads to a reduction in net ion exchanges, decreased paracellular shunting, and impaired Na/-
glucose cotransport in the ileum, without prostanoid- or enterotoxin-mediated electrogenic Cl0

secretion.

Cryptosporidium parvum is a coccidial protozoan that infects mediated by a heat-labile, calcium-dependent, reversible active
factor leading to chloride secretion has also been shown [6].the gastrointestinal epithelial cells of humans and other mam-

mals. The infection can involve all of the gastrointestinal seg- Many of these data have been obtained during self-limited
cryptosporidiosis in neonatal models. The purpose of this studyments but is mainly located in the ileum [1]. In immunocompe-

tent persons, C. parvum infection is uncommon and causes was to investigate electrolyte transport in basal conditions, glu-
cose- and glutamine-dependent NaCl transport during experi-self-limited diarrhea. In contrast, in patients with AIDS, cryp-

tosporidiosis is a frequent opportunistic infection causing unre- mental chronic cryptosporidiosis. An adult anti– interferon
(IFN)-g–treated SCID mouse model of cryptosporidiosis wasmitting and frequently life-threatening diarrhea [1].

The complex pathophysiology of cryptosporidiosis has been chosen because these animals develop chronic cryptospo-
ridiosis with abundant oocyst shedding [7].studied mainly in immunocompetent models. Human and ani-

mal data suggest that C. parvum infection induces a malabsorp-
tive diarrheal syndrome caused through damage to cells of

Materials and Methodsthe villus tip associated with morphologic alterations of the
intestinal epithelium and impaired glucose-stimulated Na/ ab- Animals and housing. SCID mice (CB-17 scid/scid) were ob-
sorption [2, 3]. Further studies indicated that the cryptospo- tained from IFFA CREDO (l’Arbresle, France) and housed in
ridiosis diarrhea is in part of secretory origin. Using a colos- filter-topped microisolator cages in an air-filtered cupboard. They
trum-deprived neonatal piglet model of cryptosporidiosis, Ar- were given sterile food and water, and their cages and bedding

were exchanged every week for sterilized ones. They were 6 weeksgenzio et al. [4] detected prostaglandin-mediated secretion of
old at the start of the experiment. Their phenotypic purity wasCl0. They have also shown that glutamine enhances electro-
confirmed by the absence of serum IgM.genic as well as neutral Na/ absorption by a mechanism that

C. parvum was produced in a high-yield outbred suckling mouseinvolves prostaglandin-sensitive, Cl0-dependent, apical Na//
model [8]. Fifteen SCID mice were challenged by gastric intuba-H/ exchanges [5]. An enterotoxic effect of Cryptosporidium
tion with 400 mL of mouse colonic perfusate containing 106 cryp-
tosporidia in 0.025 M PBS, pH 7.2. Ten SCID mice inoculated by
gastric intubation with 400 mL of colonic perfusate containing no
cryptosporidia were used as controls. One day before inoculation,Received 14 January 1997; revised 10 April 1997.
all mice received an intraperitoneal injection of 125 mg of hamsterFinancial support: Fondation pour la Recherche Médicale: Association ‘‘En-

semble contre le SIDA,’’ Paris. monoclonal anti-murine IFN-g. Because this antibody has a half-
Reprints or correspondence: Dr. Nathalie Kapel, Laboratoire de Biologie life of Ç1 week, the mice received an additional 62.5 mg of anti-

Animale et Parasitaire, UFR des Sciences Pharmaceutiques et Biologiques, 4
murine IFN-g 1, 2, and 3 weeks after the initial treatment [7].ave. de l’Observatoire, 75006 Paris, France.
Parasite load was checked each week until the day before Ussing

The Journal of Infectious Diseases 1997;176:834–7
chamber studies by counting cryptosporidia in 30 high-power mi-q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0051$02.00 croscopic fields (1200) of modified acid fast–stained fecal smear.
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Ussing chamber studies. At week 4 after inoculation, infected
and control mice were killed by cervical dislocation and the ileum
was removed. Two adjacent segments were rinsed free of intestinal
contents, opened along the mesenteric border, and mounted in an
Ussing chamber (Marty Technologie, Marcilly sur Eure, France).
The mucosal and serosal compartments of the chambers were filled
with 4 mL of Ringer’s solution (pH 7.4) containing 140 mM Na/,
5.2 mM K/, 1.2 mM Ca2/, 1.2 mM Mg2/, 120 mM Cl0, 2.4 mM
HPO4

20, and 0.4 mM H2PO40 and supplemented with 5 mM so-
dium pyruvate. Oxygenation of the tissue was ensured by a gas
lift of O2/CO2 (95:5), and the temperature was maintained at 377C
throughout the experiment. The tissue was short-circuited by an
automatic voltage clamp (World Precision Instruments, New Ha-
ven, CT). The transepithelial potential difference (PD), measured
by using calomel electrodes, and the short-circuit current (Isc) were
continuously monitored. Tissue conductance (G) was calculated
according to Ohm’s law.

After electrical parameters were stabilized for at least 15 min,
Isc, PD, and G were recorded twice at a 5-min interval, and the
mean was used as the basal value. Thereafter, for each sample,
glucose (final concentration: 10 mM) was added to the mucosal
compartment of the first chamber and glutamine (final concentra-
tion: 10 mM) was added to the mucosal compartment of the second
chamber. The maximal deviation of Isc, PD, and G resulting from
glucose and glutamine addition was measured to determine the
absorption rate of the nutrients [9]. After 15 min, 10 mM indometh-
acin or 10 mM furosemide (Sigma, St. Louis) was added to the
two compartments to check for possible involvement of prostaglan-
dins and the Na//K//2 Cl0 cotransport system in the changes in
electrophysiologic parameters during cryptosporidiosis.

Statistical analysis. For each animal, Isc, PD, and G values
are the means of two determinations recorded in the two adjacent
segments. Results are reported as means { SEs of three and four
experiments performed with controls and infected animals, respec-
tively. Statistical analysis was done with Student’s t test for un-
paired data.

Results

Animal model. Infection in immunocompromised mice be-
came patent during week 2 (mean number of oocysts per field,
£1), and there was a rapid increase in oocyst shedding during
the next two weeks (parasite score from 1/ [1 oocyst per field,

Figure 1. Maximal changes in ileal short-circuit current (Isc), trans-week 3] to 3/ [ú20 oocysts per field, week 4]). None of the
epithelial potential difference (PD), and tissue conductance (G) in-anti–IFN-g–treated mice exhibited clinical manifestations of
duced by 10 mM glucose or 10 mM glutamine in ileal mucosa. Results

cryptosporidiosis—diarrhea, wasting, or weight loss—during are expressed as means { SE. * P õ .05; ** P õ .01.
the study period. No oocysts were detected in control mice.

In vitro electrical studies. In basal conditions, infection of
immunocompromised mice with Cryptosporidium organisms Following addition of 10 mM glucose or 10 mM glutamine

to the mucosal side of the ileum, Isc and PD rose in bothresulted in a significant reduction in the ileal Isc (36.6 { 3.6
mA/cm2) compared with controls (52.3 { 2.5 mA/cm2; P õ Cryptosporidium-infected and control mice, but neither glucose

nor glutamine affected G (figure 1). The rise in Isc induced by.01) and a significant reduction in G (36.7 { 4.8 mS/cm2 vs.
26.4 { 1.5 mS/cm2 for control and infected animals, respec- glucose was significantly reduced by Cryptosporidium infec-

tion (DIsc Å 20.0 { 2.3 mA/cm2 vs. DIsc Å 11.6 { 1.3 mA/tively; P õ .05), whereas the transepithelial PD was only mar-
ginally affected (01.88 { 0.13 mV vs. 01.57 { 0.19 mV for cm2 for control and infected animals, respectively; P õ .01).

After glucose addition, the PD deviation was less in Cryptospo-control and infected animals, respectively).
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Table 1. Variations in electrical parameters of ileal mucosa from control and Cryptosporidium-infected immunocompromised mice after
addition of 10 mM indomethacin or 10 mM furosemide.

Indomethacin Furosemide

Mouse group DIsc (mA/cm2) DPD (mV) DG (mS/cm2) DIsc (mA/cm2) DPD (mV) DG (mS/cm2)

Control (n Å 6) 04.7 { 2.3 0.17 { 0.6 0.47 { 0.61 2.7 { 1.3 0.07 { 0.03 02.37 { 1.12
C. parvum–infected (n Å 10) 01.3 { 0.7 0.08 { 0.02 0.50 { 0.23 00.2 { 1.6 0.05 { 0.02 0.41 { 0.75

NOTE. Data are means { SEs. Isc, ileal short-circuit current; PD, transepithelial potential difference; G, tissue conductance.

ridium-infected mice (00.66 { 0.07 mV) than in control mice the parasite to the host cell or, alternatively, resist further inva-
(00.42 { 0.05 mV; P õ .05). The small reductions in gluta- sion into the absorptive cell cytoplasm [12]. This alteration of
mine-induced DIsc and DPD observed in Cryptosporidium- the host cell cytoskeleton could affect the permeability of the
infected mice compared with controls did not reach significance junctional complex and therefore account for the decreased
(figure 1). paracellular shunting observed during cryptosporidiosis.

In neither control nor Cryptosporidium-infected mice were Another important feature of our results is the reduction in
the electrical parameters of the ileum significantly affected by the glucose-induced increase in Isc in C. parvum–infected mice
the addition of indomethacin or furosemide (table 1). relative to uninfected animals, suggesting that chronic cryp-

tosporidiosis impairs Na/-glucose absorption in immunocom-
promised mice. In contrast, Na/-glutamine cotransport was

Discussion only marginally affected. A reduction in ileal Na/-glucose co-
transport has been reported shortly after C. parvum challenge

Although C. parvum is an important cause of diarrhea in
in unweaned piglets [2–4]. As the Na/-glucose cotransport is

immunocompetent and immunocompromised hosts, the patho-
mainly expressed in the quiescent enterocytes of the upper half

physiology of the infection is poorly understood. Here we re-
of the intestinal villi [13], reduced villus height is likely to

port that anti–IFN-g–treated SCID mice develop mild chronic
result in smaller number of epithelial transporters and, there-

C. parvum infection. In the ileum, cryptosporidiosis was associ-
fore, in impaired Na/-glucose absorption. In contrast, Na/-ated with a reduced short-circuit current and tissue conduc-
glutamine cotransport appears to occur in differentiated entero-tance, and impaired Na/-glucose cotransport, without prostan-
cytes as well as in proliferating undifferentiated epithelial cellsoid-mediated or enterotoxic electrogenic Cl0 secretion.
[14]. This difference could explain why the epithelial responseIn contrast with immunocompetent mice, adult anti–IFN-
to mucosal addition of glutamine was preserved in our studyg–treated SCID mice develop chronic infection with patent
while glucose absorption was impaired. Such a result has alsohistopathologic abnormalities 4 weeks after inoculation, even
been reported by Argenzio et al. [5] during acute cryptospo-though there are no clinical manifestations [7]. We thus mea-
ridiosis. Therefore, glutamine could be more effective thansured epithelial electrophysiologic parameters and nutrient
glucose in promoting oral rehydration during cryptosporidialtransport in ileal mucosa from control and C. parvum–infected
diarrhea.SCID mice, by use of Ussing chambers. Our results indicate

Contrasting with results obtained in neonatal piglets, chronicthat in basal conditions, cryptosporidiosis leads to a significant
cryptosporidiosis in immunocompromised mice was not associ-reduction in ileal short-circuit current and conductance, sug-
ated with diarrhea. In newborn piglets, Argenzio et al. [4] havegesting that both net ion exchanges across the epithelium and
shown that an inhibition of ileal NaCl absorption, arising fromthe paracellular shunt are reduced. This last observation con-
stimulation of prostanoid synthesis, occurs during acute cryp-trasts with results from in vitro studies showing that the electri-
tosporidiosis. This reduction in NaCl absorption probably playscal resistance of epithelial cell monolayers decreases as a con-
a major role in C. parvum–induced diarrhea. With our model,sequence of C. parvum infection [10]; however, it concords
we failed to observe any involvement of prostaglandins in thewith results of studies in neonatal piglets indicating that a
alteration of the short-circuit current in C. parvum–infectedreduction in ileal conductance, that is, an increase in ileal resis-
IFN-g–depleted mice. Marked interspecies variability in thetance, occurs during acute cryptosporidiosis [3, 4]. Tissue con-
production and involvement of eicosanoids in physiologic andductance is assumed to reflect solute permeation across tight
pharmacologic control of intestinal ion transport are known tojunctions and has been shown to be regulated by the cytoskele-
exist [15] and may account for the discrepancies between ourton [11]. In enterocytes, Cryptosporidium induces a rearrange-
results and those from Argenzio et al. [4]. Moreover, the usement of the cell cytoskeleton, resulting in the formation of a
of an immunocompromised animal model may also contributedense band of modified host cytoskeleton proteins underlining

the trophozoite-containing vacuoles, which may serve to anchor to these differences, as immune cells in the lamina propria are
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3. Moore R, Tzipori S, Griffith JK, Johnson K, De Montigny L, Lomakinausually considered to be the main source of eicosanoids in the
I. Temporal changes in permeability and structure of piglet ileum afterintestinal mucosa [15].
site-specific infection by Cryptosporidium parvum. Gastroenterology

At present, most experiments on the pathophysiology of C. 1995;108:1030–9.
parvum–induced diarrhea have been done in piglets or calves, 4. Argenzio RA, Lecce JG, Powell DW. Prostanoids inhibit intestinal NaCl

absorption in experimental porcine cryptosporidiosis. Gastroenterologyas the different attempts to create a rodent model have failed.
1993;104:440–7.Our results indicate that although cryptosporidiosis leads to an

5. Argenzio RA, Rhoads JM, Armstrong M, Gomez G. Glutamine stimulatesimpairment of ion transport and Na/-glucose absorption, it
prostaglandin-sensitive Na/-H/ exchange in experimental porcine

does not trigger diarrhea in IFN-g depleted mice. This failure cryptosporidiosis. Gastroenterology 1994;106:1418–28.
is unlikely to arise from reduced intestinal manifestation in 6. Guarino A, Canani RB, Pozio E, Terracciano L, Albano F, Mazzeo M.

Enterotoxic effect of stool supernatant of Cryptosporidium-infectedmice compared to piglets or calves. Indeed, a large number of
calves on human jejunum. Gastroenterology 1994;106:28–34.oocysts was observed in fecal smears of anti–IFN-g–treated

7. Kuhls TL, Mosier DA, Abrams VL, Crawford DL, Greeenfield RA. Inabil-SCID mice at week 4 after infection. Rather, it seems that a
ity of interferon-g and aminoguanidine to alter Cryptosporidium parvum

difference in the host response to a similar parasite load is infection in mice with severe combined immunodeficiency. J Parasitol
responsible for the differences in the pathophysiology of cryp- 1994;80:480–5.

8. Buraud M, Kapel N, Benhamou Y, Savel J, Gobert JG. A high-yieldtosporidiosis between mice and piglets. As suggested above,
outbred suckling mouse model for cryptosporidiosis. Parasite 1995;2:part of this difference may lie in the way epithelial and subepi-
81–4.thelial cells produce prostaglandins in response to C. parvum

9. Nath SK, Dechelotte P, Darmaun D, Rongier M, Desjeux JF. [15N] and
infection. [14C] glutamine fluxes across rabbit ileum in experimental bacterial

In conclusion, we provide evidence that chronic cryptospo- diarrhea. Am J Physiol 1992;262:G312–8.
10. Adams RB, Guerrant RL, Zu S, Fang G, Roche JK. Cryptosporidiumridiosis in immunocompromised adult mice impairs Na/-glu-

parvum infection of intestinal epithelium: morphologic and functionalcose cotransport and alters net electrogenic ion transport across
studies in an in vitro model. J Infect Dis 1994;169:170–7.

the intestinal epithelium. Although not reproducing all the
11. Ballard ST, Hunter JH, Taylor AE. Regulation of tight junction permeabil-

symptoms occurring during chronic cryptosporidiosis in immu- ity during nutrient absorption across the intestinal epithelium. Annu
nocompromised patients, this model represents a useful tool to Rev Nutr 1995;15:35–55.

12. Marcial MA, Madara JL. Cryptosporidium: cellular localization, structuralinvestigate the pathophysiology of C. parvum infection.
analysis of absorptive cell–parasite membrane–membrane interactions
in guinea pigs, and suggestion of protozoan transport by M cells. Gastro-
enterology 1986;90:583–94.
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Differences in Cytokine Responses to Onchocerca volvulus Extract and
Recombinant Ov33 and OvL3-1 Proteins in Exposed Subjects with Various
Parasitologic and Clinical States

Norbert Brattig, Carola Nietz, Sophie Hounkpatin, Department of Clinical Chemistry, Bernhard Nocht Institute for Tropical
Medicine, and Department of Mathematics and Computer Science inRichard Lucius, Frank Seeber,* Uwe Pichlmeier,

Medicine, University of Hamburg, Hamburg, and Molecularand Thomas Pogonka
Parasitology, Institute of Biology, Humboldt University, Berlin,

Germany; Centre National Hospitalier et Universitaire, Cotonou, Benin

Subjects with generalized onchocerciasis (GEN), with the sowdah form, and with exposure but
without onchocerciasis (endemic normal/putatively immune; EN/PI) were studied for cytokine re-
sponses to Onchocerca volvulus extract (OvAg) and recombinant Ov33 and OvL3-1 proteins. Higher
levels of cytokines were produced in response to OvAgs in sowdah and EN/PI than in GEN subjects.
Peripheral blood mononuclear cells did not produce interferon-g in response to antigens. OvAg
induced interleukin (IL)-5, IL-2, granulocyte-macrophage colony-stimulating factor (GM-CSF), and
soluble IL-2 receptor. EN/PI and sowdah persons produced significantly more IL-5 and IL-2 than
GEN subjects, and EN/PI subjects had significantly higher GM-CSF levels than GEN persons. The
low IL-5 and GM-CSF levels in GEN subjects were increased by addition of exogenous IL-2. Ov33
and OvL3-1 stimulated production of IL-10 and less IL-5 and IL-2. The study groups did not show
a strict Th2-like cytokine response.

Onchocerciasis or river blindness, caused by the tissue-inva- comprising the production of IL-4, IL-5, IgE, and eosinophil-
mediated effector reactivity, were operative in Onchocercasive parasitic nematode Onchocerca volvulus, is a major cause

of blindness and dermatitis in Africa. O. volvulus–infected larva–immunized rodents [7].
While previous studies on the cytokine expression patternpersons exhibit a spectrum of clinical manifestations varying

between the common hyporeactive generalized (GEN) form have been restricted to the common GEN form, we compared
the cytokine responses in the polar forms of onchocerciasis inand the chronic hyperreactive sowdah form, occurring in a

minority of persons [1]. Sowdah patients show higher levels this study. In addition to the effects of OvAg, we assessed the
stimulating properties of two single O. volvulus proteins, sinceof antibodies, activated T cells, and eosinophils than GEN

patients [1–4]. Recent studies have indicated that T cell re- in the extract, potential antagonizing activities may obscure
responses to distinct O. volvulus proteins. The immunodomi-sponses may be involved in the protection of residents in

O. volvulus–endemic areas who are exposed to the parasite nant Ov33 is of diagnostic relevance [8] and has homology to
an aspartyl protease inhibitor of Ascaris suum with immuno-without developing signs of the disease [1, 5]. These EN/PI

(endemic normal/putatively immune) subjects exhibit low lev- suppressing properties. OvL3-1 is a muscle protein with homol-
ogy to zyxin, a cytoskeleton-associated protein of chicken fi-els of O. volvulus extract (OvAg)–specific IgG1 and prominent

T cell cytokine responses, including the production of interleu- broblasts. OvL3-1 have been demonstrated to have B and T
cell reactive properties [9].kin (IL)-2 and interferon-g (IFN-g), a profile suggesting pro-

tective Th1-type responses [6]. However, several recent experi-
mental studies showed that Th2-like immune responses,

Materials and Methods

Study population. Forty-six persons from an area hyperen-
demic for onchocerciasis in Benin, comprising GEN and sowdahReceived 28 May 1996; revised 28 April 1997.
forms of onchocerciasis and EN/PI persons, were diagnosed asInformed consent was obtained from all persons involved in the studies. All

procedures were explained in the local language. The clinical research was reported [3]. The EN/PI subjects did not show actual clinical or
conducted according to the human experimentation guidelines of the declara- parasitologic signs nor history of onchocerciasis. They had lived
tion of Helsinki. in the area for at least 15 years with exposure to O. volvulus similar

Grant support: Ministry of Education, Science, Research and Technology
to that of the onchocerciasis patients. All had negative topical and(BMBF), Bonn, Germany; Edna McConnell Clark Foundation, New York (to
oral Mazzotti tests with diethylcarbamazine citrate.F.S. and T.P.).

Reprints or correspondence: Dr. Norbert W. Brattig, Dept. of Clinical Chem- Lymphocyte stimulation. Peripheral blood mononuclear cells
istry, Bernhard Nocht Institute for Tropical Medicine, Bernhard-Nocht-Str. 74, (PBMC), isolated by density gradient centrifugation, were cultured
20359 Hamburg, Germany,

at 2 1 106/mL in RPMI 1640 supplemented with 10% fetal calf* Present affiliation: Institute for Zoology, University of Marburg, Germany.
serum (GIBCO BRL, Eggenstein, Germany) with medium or with

The Journal of Infectious Diseases 1997;176:838–42
one of the following: 1 mg/mL phytohemagglutinin (PHA; Bur-q 1997 by The University of Chicago. All rights reserved.

0022–1899/97/7603–0052$02.00 roughs Wellcome, Großburgwedel, Germany); 10 mg/mL mixture
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of nonparasite antigens composed of tetanus, tuberculin, streptoly- cance, the Wilcoxon test for unpaired samples with Bonferroni-
Holm correction was applied to compare GEN versus sowdah andsin-O, vaccinia, and mumps antigens (Behringwerke, Marburg,

Germany) [3]; 1 mg/mL OvAg; recombinant Ov33; OvL3-1; or EN/PI groups, respectively. The experimental type I error rate was
set to 5%.equivalently expressed dihydrofolate reductase (DHFR) [9a].

Recombinant antigens Ov33 and OvL3-1 were expressed in
Escherichia coli using the plasmid pDS56/RBSII, 6xHis, giving
rise to polypeptides with a leader sequence of 6 histidines at the Results
N-terminus [10]. Since the full-length Ov33-3 cDNA (European

Clinical and serologic data characterizing the study groupsMolecular Biology Laboratory [EMBL] accession no. X13313)
are shown in table 1. GEN and sowdah patients had signifi-could not be expressed, a truncated version, lacking the 14
cantly higher IgG1 and IgG4 antibody titers to OvAg thanC-terminal amino acids, was used. The complete OvL3-1 cDNA

(EMBL accession no. X60100) was applied to express the recombi- EN/PI subjects (P Å .01). Sowdah patients had significantly
nant protein. Both recombinant proteins were purified by Ni2/- higher IgG3 titers to OvAg than EN/PI subjects (P Å .05).
chelating chromatography. Polypeptides were dialyzed against EN/PI persons, however, showed significantly higher IgG1 ti-
PBS and sterilized by filtration. As a control, mouse DHFR con- ters to OvAg than nonendemic controls (P õ .01; data not
taining an N-terminal histidine leader sequence was similarly ex- shown).
pressed and purified. No endotoxin (õ.01 U/mL; E-Toxate test; After stimulation with OvAg, PBMC from all study groups
Sigma, St. Louis) was detected in these recombinant antigen prepa-

failed to produce IFN-g (figure 1A). IL-4 and IL-10 were only
rations. The recombinant antigens failed to stimulate detectable

sporadically detected. Higher levels of IL-2, sIL-2R, IL-5, andproduction of IL-10, granulocyte-macrophage colony-stimulating
GM-CSF were found in cell culture supernatants from sowdahfactor (GM-CSF), and soluble IL-2 receptor (sIL-2R) in cells from
patients and EN/PI persons than from GEN subjects, showing7 of 8 nonendemic volunteers. In a number of experiments, recom-
a similar pattern of cytokine production. Multiple comparisonbinant human IL-2 (Boehringer Mannheim, Mannheim, Germany)

was added to the cell cultures at a final concentration of 500 or procedures showed that IL-2 and IL-5 were generated at sig-
1000 pg/mL in the absence or presence of OvAg. Due to limitations nificantly higher levels in sowdah patients (P Å .04 and P
on the numbers of PBMC, not all experiments could be performed Å .02, respectively) and EN/PI persons (P õ .01) than in GEN
for each participant. subjects. Similar to levels of IL-2, the lowest levels of sIL-2R

Measurement of cytokine secretion. Supernatants of the cul- were found in the GEN group. OvAg-induced GM-CSF levels
tured PBMC were collected after 2 days for quantification of were significantly higher in EN/PI than in GEN subjects (P
IL-2, IFN-g, IL-4, IL-10, and sIL-2R and after 5 days for IL-5 õ .01). The highest cytokine levels were observed in sowdah
and GM-CSF. IL-4, IL-5, IL-10, and GM-CSF were measured by

patients, who had the highest IgG1 and IgG3 levels to OvAgcapture ELISA using pairs of capture and detecting monoclonal
(data not shown).antibodies according to the manufacturer’s protocol (Pharmingen,

The low levels of IL-5 and GM-CSF produced in GENHamburg, Germany). The concentrations of the cytokines were
patients could be elevated by supplementing IL-2 into the cellcalculated by interpolating standard curves. IFN-g, IL-2, and

sIL-2R were measured by use of commercial ELISAs (Dianova, cultures. IL-5 and GM-CSF, but not IL-4 and IL-10, were
Hamburg, Germany). IFN-g values are expressed as units; all other measured at significantly higher concentrations for all 3 study
cytokines are measured in picograms per milliliter. Net production groups (P Å 02). This IL-2–dependent production of IL-5 and
of cytokines was calculated by subtracting the values for spontane- GM-CSF was lower in GEN than in EN/PI persons (IL-5: 110
ous release from those of the stimulated cultures. Cytokine produc- [range, 10–250] vs. 212 [range, 67–450] pg/mL, P Å .04;
tion in response to the recombinant proteins was corrected by the GM-CSF: 125 [range, 30–220] vs. 430 [range, 365–580]
low background values obtained for cultures containing control

pg/mL, P Å .02).
DHFR, thereby excluding putative stimulatory effects by bacterial

Stimulation of lymphocytes with Ov33 and OvL3-1 inducedendotoxin. Increased spontaneous release was found for IL-10,
no significant IFN-g, IL-2, or IL-4 levels. In contrast to OvAg,GM-CSF, and sIL-2R.
both proteins induced IL-10 but less IL-5 and no IL-2 (figureDetermination of IgG isotypic antibody to OvAg. IgG was
1B, C). In response to Ov33, EN/PI persons generated signifi-analyzed with a modified ELISA procedure as described [3]. The

amount of IgG isotype was calculated by use of the titration-curve cantly higher levels of sIL-2R (P õ .01) and marginally higher
method in arbitrary units representing the titer of positive reaction IL-10 and GM-CSF levels than GEN patients. In some experi-
(above cutoff level), determined by linear regression. IgG2 isotypic ments, the cells were stimulated with higher concentrations of
antibodies were not included because this isotype predominantly Ov33 (5 mg/mL), which resulted in markedly higher levels of
recognizes cross-reacting phospholipids and carbohydrates. IL-10 in the culture supernatants (data not shown). IL-5 re-

Statistical analysis. Data of the study groups (table 1) are
sponses to OvL3-1 were significantly lower in GEN than in

given as medians and quartiles. The cytokine concentrations are
sowdah or EN/PI persons (Põ .01). In GEN subjects, however,presented as dot plots supplemented with the associated medians
the highest GM-CSF levels were observed with OvL3-1.(figure 1). Differences in the cytokine concentrations between the

After polyclonal stimulation of PBMC with PHA, cytokine3 study groups were analyzed using the exact Kruskal-Wallis test
levels did not differ significantly in the 3 study groups, withwith Bonferroni-Holm adjustment within the subsets of data ob-

tained by OvAg and the recombinant proteins. To test for signifi- the exception of IFN-g, which was higher in the EN/PI than the
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Table 1. Demographic, parasitologic, and serologic data of the groups in the O. volvulus cytokine
response study.

Onchocerciasis

Generalized Sowdah EN/PI

No. 30 6 10
Sex, no. male/female 16/14 5/1 4/16
Age, years, medians (quartiles) 35 (25–40) 38 (27–42) 23 (17–28)
Microfilarial density, no./mg of skin 13 (4–48) 0 0
Intestinal nematodes, % 67 50 40
Anti–O. volvulus titers, U/mL (range)

IgG1 4300* (3800–5500) 5250* (3200–6450) 3050 (2900–3300)
IgG3 1900 (1050–3000) 3300† (1000–4700) 0 (0–1600)
IgG4 4500* (3900–5400) 4450* (3350–5550) 700 (0–1000)

NOTE. EN/PI, endemic normal/putatively immune.
* P Å .01 vs. EN/PI.
† P Å .05 vs. EN/PI.

GEN group (P Å .01). Stimulation with nonparasite antigens moting IFN-g production was reduced (data not shown).
PBMC of GEN subjects produced IL-2 after stimulation withresulted in an increased production of IL-2, sIL-2R, and

GM-CSF without significant differences between the study nonparasite antigens (data not shown) but not to OvAgs. The
low IL-5 response to OvAg could be increased by supplementa-groups (data not shown).
tion with IL-2. The microfilaria-positive GEN patients express
an inappropriate IL-2 response to OvAgs, which may be re-

Discussion sponsible for the low IL-5 response. Consistent with these
results, Steel and Nutman [11] observed an IL-2 dependencyThis study demonstrated, first, that the cytokine production
in the expression of IL-5 mRNA. We found that neutralizingin response to OvAg was greater in the onchocerciasis-free
antibodies to IL-2 strongly reduced the production of IL-5 (dataO. volvulus–exposed EN/PI group and the hyperreactive sow-
not shown). IL-2, therefore, seems to be an important activatordah group than in the GEN onchocerciasis group. In GEN
of the Th2 response in this helminth infection. In response tosubjects, only IL-10 and GM-CSF were detected at higher
OvAg, cells of sowdah patients and EN/PI persons prominentlylevels, predominantly after stimulation with the recombinant
produced IL-5 and GM-CSF, both cytokines that regulate eo-proteins. Second, the demonstration of IL-5 and IL-10 produc-
sinophils and basophils, two major Th2-associated effectortion, in the absence of IFN-g, may indicate a Th2-like cytokine
cells in helminth diseases.response [11–13]. Experiments with isolated CD4 cells were

In our study, sowdah patients produced substantial levels ofnot feasible in this investigation, which was done in a field
IL-5, GM-CSF, and IL-2/sIL-2R, that is, cytokines that activatestation, precluding a statement about the origin of the cytokines.
effector cell mechanisms. The cytokine response was particularlyThe failure to detect IL-4 after stimulation with filarial antigens
pronounced in sowdah patients with pathologic symptoms andhas been observed frequently [6, 11–13] and may indicate a
high antibody levels. These findings, in this subset of the rareconsumption rather than absence of IL-4. Third, an interrelated
sowdah form of onchocerciasis, have to be confirmed. They indi-pattern of cytokine production, recently reported for EN/PI
cate a possible relationship among Th2 cell activation, effectorpersons in response to Wuchereria bancrofti [13], was indicated
responses, and low parasite load [7]. Reports of several studiesby the generation of IL-2 and sIL-2R, in addition to IL-5 and
have described the elevation of eosinophils, IgE, and IgG in sow-IL-10, and by the IL-2 dependence of IL-5 production, as has
dah patients [1–4]. In these patients, onchocercomata and lymphbeen reported once before [11]. Finally, whereas IL-5 was
nodes are enlarged and harbor higher numbers of inflammatoryprominently produced in response to OvAg, IL-10 was
cells, such as eosinophils and macrophages. At the same time,measured at higher levels after stimulation with Ov33 and
low numbers of O. volvulus adults and microfilariae are presentOvL3-1.
in these patients compared with GEN subjects [15]. Thus, strongThe low level of cytokine production in the GEN group
proinflammatory indicators parallel low parasitic burden. Ottesenin response to OvAgs is in accordance with earlier studies
[1] discussed that sowdah patients have heightened responsivenessdemonstrating impaired T cell responsiveness to OvAg in GEN
to microfilariae, tolerate them less well, and attack them moresubjects [1, 5, 14]. However, cells from GEN persons were
aggressively or that the inflammation-limiting mechanisms areresponsive, as they produced most cytokines normally after

activation by PHA (not shown). Only the Th1 response–pro- relatively deficient in sowdah.
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Figure 1. Cytokine responses to O. volvulus adult antigen (OvAg; A), recombinant Ov33 (B), and OvL3-1 (C) in patients with generalized
onchocerciasis (GEN), sowdah, and endemic normal/putatively immune persons (EN; see Materials and Methods). Cytokine levels (in U/mL
for IFN-g and pg/mL for all other cytokines) are shown as dot plots and medians analyzed for statistical significance by Kruskal-Wallis and
Wilcoxon tests with Bonferroni-Holm correction. * Significant differences. A, GEN patients generated, in response to, OvAg significantly
lower IL-2 and IL-5 levels than sowdah patients (P Å .04 and P Å .02, respectively) and EN subjects (P õ .01) and showed lower GM-CSF
levels than EN subjects (P õ .01). B, Ov33-induced levels of sIL-2R were significantly higher in EN than in GEN patients (P õ .01). C,
OvL3-1– induced levels of IL-5 were significantly higher in EN and sowdah subjects than in GEN patients (P õ .01).

In contrast to GEN subjects, but similar to the sowdah group, exhibit no predominance of Th1-type cytokine responses
[11, 13, 16].the EN/PI persons demonstrated prominent cytokine responses,

predominantly of IL-2/sIL-2R, IL-5, IL-10, and GM-CSF. Ex- The Th2-like immune response elicited by Ov33 was substanti-
ated in our recent study on T cell proliferation and antibodyposure of these residents to O. volvulus is similar to that of

both groups of patients with onchocerciasis, but EN/PI subjects responses toward Ov33 protein and three Ov33 polypeptides. We
demonstrated Ov33 and Ov33 peptide-specific IgG4 and IgE anti-appear free of adult and microfilarial stages. Elson et al. [6]

reported a Th1-like cytokine response characterized by IFN-g bodies in GEN persons and, in a number of cases, production of
IL-4 and IL-10 in response to the Ov33 polypeptides [9a]. In aand IL-2 in a proportion of EN/PI subjects. However, in the

latter study, this subgroup of EN/PI subjects produced higher recent report, specific IgE and IgG4 antibody responses were also
shown for OvD5B, an analogue to Ov33 [16].levels of IL-5 and IL-10 than the rest of the EN/PI subjects,

as well as the microfilaria-positive subjects, upon stimulation Our results support the view that the investigated O. volvulus
antigens elicit a mixed pattern of Th cytokine responses inwith OvAg [6]. Our results are in accordance with recent data

suggesting that O. volvulus–infected and EN/PI persons have onchocerciasis. These appear to be more pronounced in sowdah
and EN/PI subjects than in GEN patients and may be operativeno strict Th1/Th2 dichotomy and that EN/PI subjects, showing

a relative hyperresponsiveness for IL-2, IL-5, and GM-CSF, in pathogenic or protective mechanisms.
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