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‘Clinical and Laboratory Features of Human
Plasmodium knowlesi Infection

Cyrus Daneshvar,’ Timothy M. E Davis,’ Janet Cox-Singh,' Mohammad 2akri Rafa’es,’ Siti Khatijah Zakaria,'

Paul C. S. Divis,' and Balbir Singh,’

‘Maiaria Ressarch Centre, Faculty of Medicine and Health Sciences, Universit Malaysia Sarawak, and *Kapit Hospital, Sarawsk, Malaysia;
and *Department of Medicine, Fremantle Hospital, University of Wastern Australia, Fremantle, Australia

Background.  Plasmodium knowlesi is increasingly recognized as a cause of human malaria in Southeast Asia
but there are no detailed prospective dinical studies of naturally acquired infections.

Methods. In 2 systematic study of the presentation and course of patients with acute P knowlesi infection,
dinical and laboratory data were collected from previously untreated, nonpregnant adults admitted to the hospital
with polymerase chain reaction—confirmed acute malaria at Kapit Hospital (Sarawak, Malaysia) from July 2006

through February 2008,

Results.  Of 152 patients recruited, 107 (70%) had P knowlesi infection, 24 (16%) had Plasmodium Salciparum
infection, and 21 (14%) had Plasmodium vivax. Patients with P knowlesi infection presented with a nonspecific
febrile iliness, had a baseline median parasitemia value at hospital admission of 1387 parasites/uL (interquartile’
range, 6-222,570 parasites/uL), and all were thrombocytopenic at hospital admission or on the following day.
Mast (93.5%) of the patients with P knowlesi infection had uncomplicated malaria that responded to chloroquine
and primaquine treatment. Based on World Health Organization criteria for falciparum malaria, 7 patients with -
P knowlesi infection (6.5%) had severe infections at hospital admission. The most frequent complication was
respiratory distress, which was present at hospital admission in 4 patients and developed after admission in an
additional 3 patients. P. knowlesi parasitemia at hospital admission was an independent determinant of respiratory
distress, as were serum creatinine level, serum bilirubin, and platelet count at admission (P<.002 for each). Two-
patients with knowlesi malaria died, representing a case fatality rate of 1.8% (95% confidence interval, 0.296—

6.6%).

Conclusions. Knowlesi malaria causes a wide spectrum of disease. Most cases are uncomplicated and respond
promptly to treatment, but approximately I.in 10 patients develop potentially fatal complications.

Five species of Plasmodium (Plasmodium falciparum,
Pl dium vivax, Pl dium malariae, Plasmodium
qvale, and Plasmodium knowlesi) cause naturally ac-
quired malaria in humans. The most recently identified
species is P knowlesi, which we previously. reported to
be the most common cause of hospitalization for ma-
laria in the Kapit Division of Sarawak in Malaysian
Borneo [1]. Further studies of blood samples from pa-
tients presenting with malaria in Sarawak, Sabah, and
Peninsular states confirmed a much wider distribution
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within Malaysia {2]. There have also been reports of
locally acquired P. knowlesi infections from Southern
Thailand, the Myanmar-China border, the Philippines,
and Singapore {3-7], indicating that transmission oc-
curs in many Southeast Asian countries.

P knowlesi is primarily a chronic infection of the
long-tailed (Macaca fascicularis) and pig-tailed (Macaca
nemestrina) macaques [8]. It is easily confused with
Plasmodium malariae on blood film microscopy in cases
‘'of human infection, because the morphologic appear-
ances are almost identical (9, 10). However, P knowlesi
is unique amongst the primate and human malarias in
that it has a 24-h erythrocytic cycle [10], which is a
characteristic that is likely to accelerate the development
of complications 2] Information on the characteristics
of knowlesi malaria in humans, however, is restricted
to single case reports (3, 5, 7}; our previous retrospec-
tive study-of 94 patients with uncomplicated cases, in- -
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which we described available data relating to clinical features
at presentation only {1]; and our report of 4 fatal cases [2].
We have, therefore, undertaken a detailed, systematic, pro-
spective study of the presentation and dinical course of patients
with a diagnosis of confirmed acute knowlesi malaria.

PATIENTS AND METHODS

Study site. This prospective study was conducted in the Kapit
Division, which has a total population of 109,000 people of
mostly Iban ethnicity [1]. A single World Health Organization
(WHO) level 2 hospital serves the Division, together with 3
polyclinics and 22 rural health dinics. Health policy mandates
that all patients with malaria are hospitalized until negative
blood smear results are obtained on 2 consecutive days. Treat-
ment for malaria is provided free of charge.

Subjects. Recruitment was consecutive and took place dur-
ing 2 periods totalling 17 months from July 2006 through Feb-
ruary 2008. All nonpregnant patients aged >15 years who were
admitted to Kapit Hospital with a blood film result positive for
any Plasmodium species were eligible, provided that there was
no significant comorbid disease and that they had taken no
antimalarial treatment within the previous 14 days. Subsequent
confirmation of malaria species was determined by nested poly-

" merase chain reaction assays [1]. All patients provided wit-

nessed informed consent to the study procedures, which were
approved by the Medical Research Ethics Subcommittee of the
Malaysian Ministry of Health. In an initial 2-month pilot study,
most cases of P. vivax and P. falciparum infection were among
logging camp workers returning from long periods in Oceania
or Equatorial Africa, respectively.:Because the demographic
characteristics and background immunity of these patients were
significantly different from those of patients with knowlesi-ma-
laria, their clinical and laboratory data are presented but are
not compared directly with data for patients with P. knowlesi
infection.

Clinical procedures. Detailed demographic characteristics,
history, and examination findings were recorded on a standard
form. A baseline blood sample was obtained for routine bio-
chemical and hematological tadng, and regular monitoring of
temperature, blood pressure, and pulse rate was started. Treat-
ment was administered promptly according to the Malaysian
Ministry of Health Guidelines. Because there are no current
guidelines for P knowlesi malaria, the guidelines for P malariae
were used. Patients with uncomplicated knowlesi malaria re-
ceived oral chloroquine {25 mg base/kg over a 3-day period)
followed by primaquine (15 mg daily for 2 days) given as a
gametocidal agent. Oral and/or intravenous hydration was ad-
ministered at the discretion of the treating physician. Patients
presenting with or developing features of severe malaria were
treated in accordance with WHO guidelines {11} except that
the thresholds for hyperparasitemia and anemia were changed

to >100,000 asexual forms/plL of whole blood and <7.1 g of
hemoglobin/dL, respectively, to' allow for the low immunity
levels of the local population. If indicated clinically, patients
were transferred to Sibu Hospital for intensive care.

All patients were assessed clinically and by microscopic ex-
amination of blood films on each inpatient day. Additional
laboratory tests were performed as indicated by the dlinical state
of the patient, Parasite clearance time and fever clearance time

were taken as the number of days to the first of at least 2 follow-

up assessments at which the patient had negative blood film
results and was afebrile, respectively. When the patient was afe-
brile and had negative blood film results for 2 consecutive days,
additional blood samples were obtained for routine biochemical
and hematological tests before discharge. Patients returned on
the 28th day after hospital admission for clinical review and blood
tests.

Laboratory procedures. Al blood films were examined by
2 experienced microscopists. The parasite density was first de-
termined at Kapit Hospital on the basis of the number of par-
asites per 500 white blood cells and the total white blood cell
count for each patient. Microscopic examination was repeated
in Kuching, with the second microscopist blinded to the initial
result. The mean of the 2 parasite densities was used in data
analysis. Parasite DNA was extracted from blood spots that
had been collected on filter paper, and the Plasmodium spe-
cies was determined by nested polymerase chain reaction for
P. falciparum, P. vivax, P._malariae, P. ovale, and P. knowlesi, as
described elsewhere [1, 12]. '

Hematological profiles were determined on site using semi-
automated methods (Sysmex model KX-21N). Serum sodium,
potassium, glucose, creatinine, bilirubin, alanine aminotrans-

ferase (ALT), and albumin levels were either assayed on site.

(AVL 9180 and Hitachi 902; Roche/Hitachi, Roche Diagnostics)
or sérum samples were stored at —80°C before transfer on dry
ice to the Biochemistry Department, Fremantle Hospital (Free-
mantle, Australia), for analysis (Cobas Integra 800; Roche Di-
agnostics). An additional uncuffed blood sample was collected
into a chilled fluoride-oxalate tube, centrifuged immediately
and separated plasma stored at —80°C before transfer on dry
ice to Fremantle Hospital for plasma lactate assay (COBAS

‘INTEGRA 800). Other laboratory investigations; including.

blood cultures, urine dipstick testing, microscopic examination,
and chest radiography were performed as indicated clinically.

Statistical analysis, Data were analyzed using SPSS soft-
ware, version 15.0 (SPSS). Normally distributed variables were
compared using the Student’s ¢ test or analysis of variance and

_ the Scheffé post hoc test. All other data were analyzed using

nonparametric methods (the Wilcoxon rank-sum test or Fried-
man test). Proportions were compared with use of Fisher’s exact
test. Multiple logistic or linear regression analysis using for-
ward conditional modeling was performed to determine baseline

Knowlesi Malaria Clinical Features * CID 2009:49 (15 September) * 853

associates of complications or markers of severity, respective-
ly. Plausible predictive variables with a statistically significant
(P<.05) univariate association with the specific severity out-
come were selected for inclusion in the model. These variables
were log-transformed prior.to model entry if they were. non-

_normally distributed and a stepwise forward selection proce-
dure was then performed to identify the significant indepen-
dent associates in each case.

RESULTS

Baseline characteristics. The mimber of patients who par-
ticipated in the study in relation to all malaria admissions to
Kapit Hospital during the recruitment period is shown in figure
1. Their baseline dernographic and clinical features are sum-
marized in table 1. P. knowlesi infections were acquired locally
- by both sexes and across all age groups, with 93 (87%) of
patients reporting recent activities in the jungle or forest-fringe
in the Kapit Division. All regions along the Rejang River and
its associated tributaries were represented, and there was no
significant clustering of cases: Confirming our pilot study find-
ings, most of the cases of vivax and falciparum malaria (31'
cases; 69%) were imported, and the numbers were relatively
small. : :
The overall median duration of symptoms prior to hospi-
talization was $ days (interquartile range, 3-5 days), but 2
patients were unwell for >10 days before hospitalization, Symp-
toms were typically nonspecific. Fever and chills were present
in almost all cases, and other frequent symptoms included ab-
dominal pain, breathlessness, and productive cough. Tachyp-
nea, pyrexia, and tachycardia were common dlinical signs (ta-
ble 1). .
The results of bascline laboratory investigations are sum-

marized in table 2. The level of parasitemia at hospital admis-
sion was relatively low in the B knowlesi group, but there was
a wide range that included 3 patients (2.8%) with parasite
densities >100,000 parasites/uL and 33 patients (30.8%) with
densities <500 parasites/uL. The most common abnormal lab-
oratory finding was thrombocytopenia (<150,000 platelets/pL),
which ‘was present in 104 patients (98%), with 31 (29%) of
107 patients having a platelet-count <50,000 platelets/uL. The
3 patients who did not have thrombocytopenia (155,000,
152,000, and 167,000 platelets/uL) had low parasitemias (5, 126,
and 170 asexual forms/uL, respectively), and all became throm- |
bocytopenic within 24 h (with nadir values of 90,000, 131,000,
and 112,00 platelets/uL, respectively). Lymphopenia was found

.in 7 (6.5%) of patients at presentation, but all patients had .

normal values by the time of hospital discharge. Anemia was
uncommon at hospital admission. Only 5 (4.6%) of the patients
had a hemoglobin concentration <10 g/dL, whereas none of
the patients met the criteria for severe anemia. Mild hepatic
dysfunction, usually comprising an elevated serum ALT level
and a low serum albumin level, was relatively common. Mild-
to-moderate hyponatremia (range, 122-135 mmol/L) was evi-
dent in 29% of cases, all, of which responded to rehydration
and antimalarial therapy.

On the basis of WHO criteria for severe falciparum malaria -
[11], 8 (7.5%) of the patients with P knowlesi infection had
severe infections at presentation (table 3). The most frequent
dlinical presentations of severe infection were respiratory dis-
tress (diagnosed in 4 patients on the basis of a respiratory rate
>30 breaths/min, oxygen saturation <94% by pulse oximetry,
auscultatory findings, and radiographic chahges),‘hypetpara-
sitemia (3 patients), and jaundice (serum total bilirubin >43
umol/L in 3 patients). There were 3 cases of renal failure (serum
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Figure 1. Flow chart shawing patient recruitment, exclusion, and follow-up in a study of human Plasmodium knowlesi infection in Malaysia.

854 + CID 2009:49 (15 September) + Daneshvar et a!

186



Table 1. Demographic and Clinical Characteristics of Patients Admitted to Kapit Hospital (Sarawak, Malaysia)
with Untreated Malaria Categorized by Plasmodium Species

Plesmodium knowlesi  Plasmodium falciparum

Plasmodium vivax

Variable in =107} {n = 24) {n = 21) P
Age, years
Mean value {+ SO} 449 + 14.94° 38.7 + 9.64 365 £ 10.61 006
Range 16-79 15-53 15-51
Male sex 56.1%¢ 95.8 100 <.001
Iban ethnigity 91.6 95.8 76.2 .073
Occupation <001
Farmer 495 4.2 9.5
Logging/plantation warker 27.1%¢ 9.7 71.4
Other 234 42 19
Seif-reported previous-malaria 26.2°° 75 57.1 <001
Previous foreign travel 19.6%° 9t.7 7.4 <001
Foreign trave! within previous 4 weeks 0.9%° 833 524 <001
Duration of illness, median days IQR} 5 {3-7) 2.5 (1-4.75) 3{1-5) <.001
Symptom
Feverfchills 100 917 851 NA
Headsche 94.4 875 524 NA
Rigors 89.7 79.2 85.7 NA
Malaise 89.7 91.7 66.7 NA
Anorexia 83.2 708 52.4 NA
Myaigia 87.9 79.2 90.2 NA
Cough 56.1 547 -47.6 NA
Nausea 56.1 87.5 285 NA
Vomiting 336 41.7 19.0 NA
Abdorninal pain 52.3 375 238 NA
Diarthea 2%.0 475 333 NA
Clinical findings
Axillary temperature, medien °C {IQR} 37.6 (37.0-38.5) 37.8 (37.0-38.5) 37.0 36.8) NA
Respiratory rate, median breaths/min [IQR} 26 {22-31) 25.6 {22.3-28.5) 27 (245-29.0) NA
Pulse rate, mean beats/min { £S0) 95 * 16 99 t 17 97 1 18 NA
Arterial blood pressure, mean mmHg (= SD) 89 r 11 85 £ 9 88 + 9 NA
Capillery rafill time, median secs (IQR) 21(2-3) 2 (2-9) 2(2-3) NA
Palpable liver 243 29.2 16.7 NA
Palpable spleen 15.0 208 238 NA

NOTE. Data are percentage of patients, unless otherwise indicated. (QR; interquartile range; NA, not assessed; SD. standard

deviation.
* P<.0S vs P vivax.
® P<.01vs P falciparum.
¢ P<.01vs P vivax.

creatinine level 2265 umol/L despite fluid resuscitation), 2
cases of hypotension (systolic blood pressure <80 mmHg de-
spite fluid resuscitation), and 1 case of hypoglycemia (venous
plasma glucose level <2.2 mmol/L). There were no cases of
unrousable coma. A combination of features was present at
hospital admission in 3 patients.

Clinical course. Clinical and parasitological outcomes to-
gether with changes in key hematological and biochemical var-
iables during hospitalization and at day 28 for patients with
knowlesi malaria are summarized in tables 4 and 5. There was
no clinical, laboratory, or radiological evidence of other infec-
tions or conditions at study entry, during hospitalization, or at
follow-up that would have influenced outcome, When patients
with knowlesi malaria were discharged from the hospital, plate-

let counts had increased, and all patients had values that were
within the normal range by day 28. Most of the remaining
hematological and biochemical parameters had improved by
hospital discharge. Abnormal laboratory values had resolved in
all 87 patients with knowlesi malaria who attended for day 28
review. ¢

Three patients, including 2’ patients without complications
at hospital admission, developed respiratory distress (table 3).
A total of 7 (6.5%) of the 107 patients in the knowlesi group,
all of whom were female, presented with or developed respi-
ratory distress. Of those patients with evidence of severe know-
lesi malaria either at presentation or during treatment, 2 died
(table 3). Patient ! had parasitemia at presentation (parasite
density, 222,570 parasites/uL), evidence of multiorgan failure,

Knowlesi Malaria Clinical Features + CID 2009:49 (15 September) « 855

Table 2. Leboratory Results for Patients Admitted to Kapit Hospital with Untreated Malaria Categorized by Plasmodium

Speciss
. Pl knowiesi Pl falci Pi fum vivax

Variable Normal range {n = 107) s in = 24) n= 2%
Psrasite count, parasites/ul NA 1387 {6-222,570} 26,781 (1840~271,760)  4258'(324-32,132)
Hemoglobin level, g/dL 11.3-15.7 133 012.0-14.3) 12.5.(12.3—‘3,6) 13.5 (12.6-13.8}
White blood call count, X 10° celisful. 3.1-103 5.6 (4.7-7.0} 6.3 (5.3-8.6) 6.1(4.8-7.8)

Neutrophit count, mean neutrophils X 10%ul. {2 SD) 2-5.3 3718 4.6 = 24 46+ 2.2

Lymphocyte count, X107 celstul 0.8-2.7 15{1,1-2.0) 1.0{0.8-1.49) 1.00.6-1.7)
Platelet count, mean value X 10° platelets/ul (+SD) 150450 71+ 38 108 £ 59 118 £ 51
Prothrombin time, sacs NA 13 (12-185) 16 {13-16} 12(12-14)
8lood group O, % of patients NA 28.0 125 9.5
Serum creatinine level, pmollL . <133 B8 (73-100) 89 (80~97) 89 (76-98)
Sefum sodium lgvei, mmoL. 136-152 137 (135-140) 138 (135-140) 138 {135.5-141}
Serum total bilirubin, kol <21 13 (9-18) 17 (12-22) 16 (10-21)
Serum alanine aminatransterase level, IUL <40 36 (25-54) 26 (20-40) 27 (13-85)
Serum alburnin level, g/dL >38 36 (33-39) 38 (35-41) 41 (39-46)
Serum glucose level, mmold. 4-8 6.2 {5.3-6.7) 6.4 (5.7-7.2) 6.2 65.5-7.0
Plasme lactate lavel, mmolL <2 1.6 (1.2-2.0 1.5 (1.2-2.0) 1.6 (1.1-2.0)

NOTE. Unless otherwise indicatsd, data are median value (interquartile range). NA, not applicable,

hypoglycemia, and lactic acidosis. This patient died within 6 h
after hospital admission despite intensive treatment with\iu:
travenous quinine, broad spectrum antibiotics, and ionotropic
and ventilatory support. Patient 8 presented with symptoms
and signs of a right hemiparesis and sensory inattention and
had a history of uncontrolled hypertension. The patient’s par-
asite density at hospital admission was 214,000 parasites/uL.
She was treated with intravenous quinine but developed re-
spiratory distress ‘that required mechanical ventilation. After
showing signs of improvement, she experienced neurological
deterioration on the seventh day of hospitalization and died
24 h later. No neuroimaging studies were possible.

Baseline P. knowlesi parasitemia, complications, and mark-
ers of severity. Patients reporting breathlessness or vomit-
ing had greater geometric mean parasite counts than did those
who did not report these symptoms (P = ,025 and P = .038,
respectively). In a logistic regression model, presentation with
or development of respiratory distress was positively and in-
dependently associated with the admission In(parasitemia) and
inversely associated with the admission hemoglobin level (P =
004 and P = .015, respectively). In multiple linear regression,
(1) In(parasitemia) and age were independent positive associ-
ates of In(admission setum creatinine) (P<.00i and P = .007,
respectively), (2) In(parasitemia) and In(plasma glucose) were
independent associates of In(admission serum total serum bil-

. irubin) (P = .003 and P = .008, respectively), and (3) In(par-

asiternia) was. an independent associate of the In(admission
platelet count) and absolute differences between day 28 and
hospital admission platelet counts (P = .002 and P = .004, re-
spectively). In other multivariate models, In(parasitemia) was
not an independent associate of the admission hemoglobin level
(P = 49) or serum ALT level (P = .70). In receiver operating

characteristic curve analysis, parasitemia was a good predictor
of complications after excluding hyperparasitemia (area under
the receiver operating characteristic curve, 0.90 [95% corifi-
dence interval, 0.82-0.98); P<.001). The prespecified 100,000/
L threshold was highly specific (specificity, 100%) but had a
sensitivity of 30%.

DISCUSSION

The present study provides the first detailed, prospective eval-
uation of P. knowlesi infection in an area of Malaysian Borneo
in which it is the most common locally acquired human ma-
laria. Although there were demographic differences between
the 3 groups of patients with malaria, there were no presenting
symptoms or. signs that distinguished knowlesi malaria from
either faldparum or vivax malaria. Consistent with available—
albeit, incomplete—retrospective data [1, ‘2], most cases of
knowlesi malaria were uncomplicatéd and responded promptly
to treatment with chloroquine and primaquine, but compli-
cations developed in nearly 1 in 10 patients. Because the num-
ber of cases of severe knowlesi malaria was small, an accurate
case fatality rate is difficult to ascertain, but the case fatality
rate was 1.8% (95% confidence interval, 0.2%—-6.6%) in our
sample. Malaria may have been a contributory factor rather
than the sole céusg in our patient who presented with a stroke.
Nevertheless, P knowlesi infections occur in older as well as
younger adult patients in the Kapit-Division, and the vital ot-
gan dysfunction caused by this parasite may unmask undetly-
ing significant comorbidities. )

Despite the significantly lower peripi)eral blood parasitemia,
the patients with knowlesi malaria had clinical and laboratory’
profiles that were largely similar to those for patients with P
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Table 3, Details of Knowlesi Patients Presenting with {Patients 1-8) or Developing (Patients 9 and 10) Severs Malaria

Acute

pulmonary edema

or respiratory

Severe

Age,

Patient years Sex

Acute renal

QOutcome
Died

anemia distress syndrome

Lactic adidasis

Hypoglycemia
{plasma glucose level, <i.1 mmolL} Yes (plasma factate

Jaundice

Yes

No

lavel, 17.4 mmolL}

bifirubin, 45

level, 320 prmoliL}

80 mmHg}

222,570 para-

sites/ul)

F Yes (parasite count, Yes {systofic blood pressure, Yes (serum creatinine Yos {total serum  Yes
8 M Yes {parasite count,

68

Discharged

No

No

Yes {serum creatinne No

No

fevel, 385 umol)

sites/ul ¥

No

Discharged

Yes

Yes (total serum  No

No

No

bilirubin, 87

prmoyt)

Yes (systolic blood pressure. No

Discharged

No

No

No

No

No

71

189

79 mm/Hg)

No

Yes (total serum No

Dischargad

No

No

No

No

bilirubin. 66
pmolL)

No

Yes (ssrum creatinine No

Discharged

Oischarged

Yes

No

No
- No

No

No

No

6t

Yes

No

No

No

No

lavel, 418 gmoll}

No

Yes Died

No

No

Yes {total serum No

No

F  Yes (parasite count,

36

bilirubin, 178

214,000 para-

sites/pl)’

No

)

#mof

No

Discharged

Discharged

Yes

Yes

No

No

No

No

73

No

No

No

No

No

No

No

10

lyperparasitemia was detined as >100,000 parasites/ul. Severe anemia was defined as hemoglobin

ined as a serum creatinine leval »265 xmol/L despite rehydration. Jaundice was defined as serum

was defined as systolic blood pressure <80 mmHg; Acute renal impairment was defi
mia was dafined 8s a serum glucose level <2.2 mmolL. Hyperlactasmia was defined as a lactate level 6.0 mmoVL. Acute

<7.% g/dl. H

NOTE. Severe malaria was defined on the basis of World Health Organization critenia for severe falciparum malaria (11]. H:
bilirubin level >43 umolL. Hypoglyce

pulmonary edema or respiratory distress was defined as a

<34% on room air andfor pulmonary infiltrates visible on a chest radiograph.

plus oxygen

v rate >30 by

Table 4, Measures of Outcome in Patients C

4 !’V Pl dium Sp

Plasmodium knowlesi-

Plasmodium falciparum  Plasmodium vivax

Variable n = 107) {n = 24) (n= 21)
Fever dearancs time, h 20 (12-31) 20 {11-37) 16 (4-28)
Parasite clearance time, days 101-2} 3 (2-3.75) 3{2-3)
Duration of hospitalization, days® 3(3-4) 4 (4-5) 4 (3~4)

NOTE. Data are median value {interquartile range.

* Excludes 2 patients who died and 2 patients with hospital admission and-day 1 data only.

falciparum and P vivax infection, with' a wide spectrum of
illness. The most frequent complication in our cohort was re-
spiratory distress, which affected 1 in"15 patients. It is also a
relatively common sequelum of severe falciparum malaria [13}.
Respiratory distress can reflect pulmonary edema, acute respi-
ratory distress syndrome, or metabolic acidosis. In our group,
a pulmonary, rather than metabolic, etiology was the main
cause, because we medsured blood lactate concentrations and
had access to chest radiographs and pulse oximetry. The strong -
association between parasitemia at hospital admission and the
development of respiratory distress in our patients suggests that
parasite-specific effects that increase pulmonary capillary per-
meability rather than iatrogenic fluid overload or the syndrome
of inappropriate anti-diuretic hormone secretion .are respon-
sible,. as in falciparum malaria [14). Patients with falciparum
malaria who develop respiratory distress have a relatively poor
prognosis [13], and both of our patients who died developed
this complication. Respiratory distress has also been reported

. @s a rare complication of vivax {15-17) and ovale {18, 19]

malaria. We cannot explain the disproportionate number of
female patients with this complication in the P knowiesi group.

Although the women in our cohort, compared with the men,
had lower serum albumin concentrations at presentation (34.5
8/L vs 38.0 g/L; P<.001), sex association has not been reported
in'the case of the other human malarias and is likely to be
attributable to the play of chance in the present study. )

_ The P, knowlesi parasitemia at hospital admission was also .
strongly and independently associated with renal dysfunction,
and 3 patients developed renal failure despite resuscitation and
rehydration. As with respiratory distress, this is another com-
plication of falciparum malaria that could be mediated by the
parasite [20],. although the microvascular sequestration that
may contribute to P. falciparum-associated renal dysfunction
[21] is not known to occur in P, knowiesi infection. The presence
of P knowlesi parasitemia at hospital admission was also in-
aependchtly_associat‘:d with the total serum bilirubin but not
serum ALT level. This could reflest relatively brisk hemolysis
associated with the short (24-h) erythrocytic cycle rather than
abnormal liver function, but the median parasitemia was low,
and there was no inverse association with hemoglobin fevel at’
hospital admission. It is still possible that hepatic dysfunction
is a relatively late vital organ complication of P. knowlesi malaria

Table 5. Changes in Laboratory Test Resuits b
Admission and Day 28 in Patients with PJ. f

Hospital Admission and Discharge and Hospi

Change from
hospital admission

‘Change from
hospital admission

to discharge to day 28

Variable (n = 103) in = 87}
Hemoglobin level, g/dL -13 £ 1.0 0x1.3
White blood cell count, X107 celis/ul) 0t +18 12+ 21*

Neutrophil count, median value X 10° cells/uL (IQR} ~0.6 {-1.5to 0.6)° 0.6 {(-0.610 145} .

Lymphacyte count, median value X 10* cells/uL (IQR) 0.7 (0.40-1.3)* 0.9 (0.4-1.5*
Platelet count, median value X 10° platelets/ul. (IQR) 65 (31-113) ® 184 (144-222)°
Serum creatinine level, median amol/L (IQR) ' —85(-1910 1)* =12 {-21 fo O
Serum sodium level, median mmol/L (IQR} 2 (0.1-5 3(0-8°
Serum total bilirubin, median amal/L {IQR) ~6{-15t0 =3)° ~7(~12910 —4.3
Serum alanine aminotransferase level, median IUA. (IQR) ~1{-10t0 11} ~18 (~3291t0 —4)® .
Serum albumin level, g/dL -1.0z%28 ) 48 x 4.1°
Serum glucose, median mmol/L (IQR) (n = 56} ~0.4(~1.11008 -0.6(~12110 0.37)°
Plasma lactate level, medisn mmol/L. (IQR} (n = 56) 0.1 (=051t0 04} -0.1{-0.510 0.5)

NOTE. Uniess otherwise indicated, data are mean value * standard deviation. IQR, interquartite range.

* Pc.Ot
 pe.05
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but—as evidenced by patient 1, who presented with jaundice,
hypoglycemia, and lactic acidosis—it is one with potentially
devastating metabolic consequences.

Consistent with the nonsequestering nature of P knowles:,
we did not observe significant neurologic sequelae except in
patient 8, who had evidence of a stroke in the context of pre-
existing cerebrovascular risk. In addition, in contrast with the
group of patients with P faliparum infection, the group of
patients with P. knowlesi included no patients with severe ane-
mia. Both severe anemia and neurologic disturbarice have been
reported recently as common manifestations of severe vivax
malaria {22, 23], but these complications were observed in
patients who were younger than those in the present study and
in areas of much greater malaria transmission of multiple Plas-
modium species,

Despite the very high prevalence of thrombocytopenia among
our patients with P knowlesi infection (100%, compared with
<80% in other human malarias (24-26}), none had a clinically
evident coagulopathy. This is consistent with the relative infre-
quency of bleeding episodes complicating severe falciparum ma-
laria {11, but it is possible that a low platelet count (52,000
platelets/uL) and prolonged prothrombin time (17 sec) contrib-
uted to an intracerebral hemorrhage in the patient with knowlesi
malaria who died of a probable stroke. The almost invariable
presence of thrombocytopenia could facilitate diagnosis of know-
lesi malaria. In addition, the significant association between plate-
let count and P knowles: parasite density and, in turn, the re-
lationship between parasitemia and markers of severity, could
imply that very low platelet counts are of prognostic significance.
Such a relationship has been found among African children with
falciparum malaria [27).

Although our study included relatively few patients with se-
vere knowlesi malaria, we provide preliminary data relating to
the incidence of severe disease. A larger study on the main
complications and pathophysiology of knowlesi malaria is in
progress, with the aim of establishing specific criteria for se-
verity. It is likely that those for severe falciparum malaria, in-
cluding neurslogic sequelae, severe anemia, and hyperparasi-
temia (11], may not adequately address the unique biologic
properties of P knowlesi. In the case of falciparum malaria,
>250,000 parasites/uL (or 5% parasitized erythrocytes) is con-
ventionally used [11), but thresholds as low as 100,000/uL have
been associated with increased mortality and have been used
for nonimmune patients [28, 29]. It is therefore important to
determine knowlesi-specific markers of disease severity, espe-
cially an accurate risk-associated threshold parasitemia.

Our study shows that knowlesi malaria is a significant cause
of morbidity in the Kapit Division, extends available data to
characterize the spectrum of ilness and its clinical course, and
confirms our previous observation that life-threatening com-
plications can supervene {2). Knowlesi malaria is widely dis-

tributed in Southeast Asia; it affects mainly people who enter
forests or the forest fringe, but the transmission ecology of this
potentially serious disease may be changing [30]. Recently, Eu-.
ropean travellers to Malaysia have received a diagnosis of know-
lesi malaria following their return home [31, 32]. The increase
in tourism in Southeast Asia may mean that more cases are
detected in the future, including in Western countries. Clini-
cians assessing a patient who has visited an area with known
or possible P knowlesi transmission should be aware of the
diagnosis, its clinical manifestations, and its. course,
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population of Britain and thereby guide a proportigpnate
public health response tolimit the threat of healthcare
associated transmission of variant Creutzfeldt-Jakeb
disease {(vCJD).

. Deslgn Cross sectlonal opportumstlc survey,

Study samples Anonymised tonsit pairs removed at
elective tonsillectomy throughout England and Scotland.
Sétting National anonymous tissue archive for England
and Scottand.

Main outcome nieasure Presence of PrP°° deteimmed by
uslnz two enzyme immunoassays based on different
analytn:al pnnciples, with further investigation by
blotting of any

hemistry or
samples reactive in either 2 assay
Results Testing of 63 007 samples was covhpleted by the
end of September 2008, Of these, 12753 were from the
birth cohort in which most vCJD ¢ases have arisen (1961-

85) and 19 908 were fromithe 1986-95 cohort thatwou|d B
*. although.technically challeriging; is essential to guid

have been also exposed to bovirie spong|form
encephalopathy through infected meat or meat prpducts

None of the samptles tested was ypequlvocally reactivein
5ays Only two ples were -

both enzyme i
reactive in one or other enzyme immunoassay and.

equivocal inthe other; and nine samples were equivocally
reactive in both enzyme immunoassays. Two hundredand
seventy six samples were initially reactive.in one or other
enzyme immunoassay; the repeat reactivity rate was.15%
orless, 'depenﬂing on the enzyme immunoassay and cut-

off definition. Norie of the samples (ncluding all the 276 .

initially reactive in enzyme immunoassay) that were
investigated by immunohistochemistry or
Immunoblotting was positive for the presence of Prpde,
Conclusions The obseérved preva|ence of PP in tofsils
from the 1961-95 combmed birth cohort was 0/32661
with a 95% confidence interval of 010 113 per miltion. In
the 1961-85 cohort, the prevalence of zero with a 95%
confidence interval of 0 to 289 per million-was lower than; .

e 194

5

but stilt consistent.with, a previous survey of appendix
tissue that showed a prevalence of 292 permillion with
95% confidence interval of 60 to 853 per million.
Continuing to archive and test tonsit specimens;
especially in olderbirth cohorts, and other
complementary large scale anonymous tissue surveys,
particularly of post-moitern tissues, will further refine th
calculated prevalence of PrP®,

INTRODUCI'ION

Although therisk to the popu!ahon of Britain of dletxr
exposure to the bovine spongiform encephalopath:
agent that causes variant Creutzfeldt-Jakob diseas
(vCJD) has been:virtually eliminated, the occurrenc
to date of four cases of vCJID infection resulting fror
‘blood transfusion has made real the threat of a second
ary epidemic through. healthcare associated huran t
‘human traismission." These céses from blood tran;
fusion have also established the existence of an infe
tive asymptomatic stage in human vCJD. Estimatin
the prevalence of this asymptomwc infective stage

a proportionate public health response to reduce th
risk of healthcare associated transmission,
-Measurement of ‘prevalence in the 1961-85 blrﬂ
cohort is a priority, given that 138 of the 167 cases ¢
vCJD to date in Britain have beenin this group (with 3
* cases in the 1961-9 and 99 in the. 1970-85 birt
cohorts). Data are available from previous analyses ¢
appendix and tonsil specimens for the presence of di:
ease_ related prion protein (designated PrPP)-b
immunochistochemistry and 1mmunoblottmg 5% Th
first study screened 11247 appendxx specimens an
- 1427 tonsil spécimens by inimunohistochemistry an

# foundthree positivesin the appendixes from the 196]

85 birth cohort, giving & prevalenge of! 292 {95% cor
fidenceiniterval 60 to 853) per lhon SA secondstud
found no positives iri '2000. tansil speciméns screene
~byboth :mmunohxstochemnshy ‘andimmunoblotting
- half of these Lonslls »yle.re from. pauents ‘aged ove

”10'
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9 years and hence in the birth cohort likely to have had
dietary exposure to bovine spongiform encephalo-
pathy. Uncertainty about the true prevalence was
increased when back calculation using plausible
assumptions from the observed clinical vCJD cases
suggested a much lower prevalence of sub-clinical
vCJD infection than would be predicted from the find-
ing of PrPY® in three appendixes.®? :

‘The absence of a suitable blood test for PrPYP, and
doubt about the clinical interpretation for a patientof a
positive test result from testing any tissue, created
major organisational and technical challenges for our
large scale prevalence survey of PrP9P. To facilitate
semi-automated enzyme immunoassay screening, we
chose anonymised surgically removed tonsil pairs col-
lected prospectively for the study reported here, rather
than appendix tissue already archived in paraffin
blocks that would have needed more labour intensive
and slower immunohistochemical screening. PrP9® js
known to accumulate to relatively high levels in the
tonsils of people with vCJD, although, because of the
difficulty of identifying such cases, it has not yet been
shown to be present pre-clinically.*®

Commercially available enzyme immunoassay kits
are routinely used for testing for bovine spongiform
encephalopathy, scrapie, and other animal prion dis-
eases; however, when our survey began no validated
kits were available for testing human samples for
PrPA°. We therefore issued a formal tender calling
for manufacturers to take part in an enzyme immuno-
assay selection study and to supply suitable kits. The
companies that responded were each sent two blinded
panels of samples, Two assays, from Microsens and
Bio-Rad, were able to detect brain from vCJD cases
diluted 10™ and spleen diluted 107 into tonsi} homo-
genate {jillian Cooper, personal communication), and
we selected these for use in this study. We now report
the results of testing of the first 63007 specimens from
the intended collection of 100 000 in a national anon-
ymous tissue archive.

METHODS

Test validation :

We obtained unfixed palatine tonsil samples from 32
sheep with scrapie and 10 that were uninfected, as well
as aliquots of unfixed frozen tonsil tissue taken at
autopsy from six patients who died of vCJD. We pre-
pared 12% homogenates from these and tested them
by both enzyme immunoassays after making a dilution
series from 107 to 107 with negative human tonsi)
homogenate. We used a panel of 250 human tonsils
that had been previously tested and found to be nega-
tive by immunoblotting and immunohistochemistry as
examples of “true” negative controls.®

Survey tissue samples

Paired tonsil samples from people of all ages, and from
operations done between January 2004 and September
2008, were collected from hospitals throughout Eng-
land and Scotland. One tonsil of the pair was collected
as fresh tissue chilled to 4C, and the other tonsil was

195

collected in formalin. Tonsils arrived at the study cen-
tre an average of 65 (mode 50, median 118) hours after
operation. Once transferred to suitable containers,
samples were stored either at =80C (fresh tissue) or at
room temperature {fixed tissue).

Patients or their carers were given a leaflet explain-
ing the aims of the study and that any result from test-
ing their tonsil could not be traced back to them. An
explicit paragraph and tick box to exercise a right to
opt out of inclusion in the survey was included in the
pre-tonsillectomy consent forms.

Investigatory algorithm

We homogenised a specimen of each tonsil pair and
screened it with both enzyme immunoassays. We
defined samples as “reactive,” “high negative,” or
“negative”by a calculation based on the optical density
readings from enzyme immunoassay. for each miero-
titre plate. A reactive sample was within three standard
deviations of the cut-off, and ahigh negative was within
four standard deviations. We further investigated all
samples that were initially reactive in either enzyme
immunoassay or gave a high negative result in both
enzyme immunoassays by immunoblotting “and
immunohistochemistry. We re-tested any sample that
was high negative in one or other enzyme immuno-
assay by both enzyme immunoassays, and if it gave
reactive or high negative result in either we investi-
gated it further by immunoblotting and immunohisto-
chemistry. On occasion, we repeated immunoblotting
tests with the same and with alternative antibodies.

Definition of a positive result

We defined a tonsil positive for PrP<® as one identified
by enzyme immunoassay that was immunohistochem-
istry positive, had the expected specific protein band
pattern in immuncblotting, or both.

RESULTS

Test performance

At a dilution of 107, 31 of 32 scrapie sheep samples
were reactive in both enzyme immunoassays, and at 2
10 dilution Z1were reactive in the Microsens enzyme
immunoassay and 16 were reactive in the Bio-Rad
enzyme immunoassay. One positive sample - was
detectable only at a dilution of 10™. Dilutions of 10~
and 107 could be detected by immunoblotting.

The six tonsil aliquots from human vCJD cases var-
ied in the amount of lymphoid gerrninal centre tissue.
that was present, as judged by visual inspection.
Depending on the quality of the tissue, PrP9° ‘was
detectable down to a dilution of 107 in the Microsens
enzyme immunoassay and 107 in the Bio-Rad enzyme
immunoassay (table 1). The amount of PrPSP detected
varied, as judged by the optical density values. This
variation may have been due to biological differences
insome cases, butanimportant con‘txibufory factor will
have been the quality of the available tissue. Immuno-
blotting of aliquots of the vCJD.samples showed that
the expected specific band patterns of PrP® were
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R Samples (n=63 007)." i B Rt

i

o

Bio-Rad

T e -

Microsens % Microsens, }

B!

Dual* higri

Bio-Rad - | i i Dual” ! {' 3
reactive ] high negative} i EIA reactive 1.5 ‘negativeor. .| reactive | ° high negative
n=101) i o (ne160) (=0) .~} "reactive/high | (n=174) {n=478) . {2
eyt P fegative . [T oo
]

(n=11)

Enzyme immunoassay screening of human tonsil tissue homogenates for PrP® *Dual enzyme
immunoassay (EIA) reactive samples gave optical density readings above the cut-off classified
as ‘reactive” in both Bio-Rad and Microsens tests; dual high negative or reactive/high negative
samples gave optical density readings above the cut-off classified as *high negative” in both
Bio-Rad and Microsens tests or was reactive in one and high negative in the other. All EIA
reactive samples and most high negative samples were subject to both immunoblotting and
immunchistochemistry testing (see text)

detectable. The sensitivities of the enzyme immuno-
assays were comparable to the immunoblotting results.

Survey specmens collected ~
Between January 2004 and October 2008, 2 total of
67696 tonsil pairs had been archived after collection
from 134 hospital trusts throughout England and Scot-
land. We received forms without tonsil tissue for 1426
patients who objected and 762 in whom clinical pathol-
ogy examination had been requested. All regions of
England contributed samples, and 5651 came from
Scotland between January 2006 and September 2008.
We also tested another 2015 anonymous specimens,
from tonsillectomies done in the southeast of England
between July 2000 and August 2002, of which half
were from patients aged over 9 years at operation,
and that were untested as part of an earlier survey.®

Table 1|Enzyme i

results on tonsil tissue from six variant Creutzfeldt-

Jakob disease (vC]D) cases (including samplé of brain from one case)*: highest dilutions for
reported result i

Wi

8io-Rad .. - . Mlzrdseﬁs‘
Optical s ‘ Optical B
Dilutiont density interpretation ) density Interpretation
Sdeclmén 1: .
Tonsl 1072 0.06 ngﬁ negative, 0.12 Reactlve
Braln 107 0.39 ~Reactive 0.08 - Reactive
Specimen 2: s .
Tonsll 1072 0.04 Negative 0.11 -~ Reactive
Specimen'3:
Tonsi{ 1072 0.06 High negative S 020 Reactive
Specimen 4: .
Tonsit 107 0.04 Negative 0.10 Reactive
Speciren 5: .
Tonsit 107 0.04 Negative L 0.09 Reactive
Specimen 6:
7 Tonsil 107 0.13 Reactive 021 . Reactive
i *Three specimens supplied by National CJO Suvvelllan:e Unit (including palred tonsil"and brain) and three by
MRC Prion Unit,

1Dilution from 12% homogenate (10%; 107 di]ulion is therefore equivalent to 0.012 g/mt vCID tonsil tissue
homogenate; as dilution is In negative homogenate, total tissue cancentration was 0.12 g/ml for all samples

tested,
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* negative by immurichistochemistry.

Enzyme immunoassay screening results

By the end of September 2008, we had screened 63 00
samples with both enzyme immunoassays and, wher
indicated, completed investigatory testing (figure).

In one or other of the enzyme immunoassays, 27
samples gave an optical density defined as reactive an
638 were classed as high negative (figure). To defin
the repeat reactivity rate by enzyme immunoassay
we retested 487 reactive and high negative sample
by enzyme immunoassay at the beginning of the pro
ject, before immunohistochemistry and immunoblot
ting confirmatory testing. The repeat reactivity rats
was 15% (7/48) for the initially reactive samples anc
3.5% (4/116) for the initially high negative samples ir
the Bio-Rad enzyme immunoassay. The equivalent fig
ures for the Microsens enzyme immunoassay were
12% (7/60) and 10% (26/263). All initially reactive
samples and any initially high negative samples tha
gave a repeat reactive or high negative result \
enzyme immunoassay were subject to immunohisto
chemistry and immunoblotting confirmatory testing
Any samples that were initially reactive or high nega
tive but which were not repeat tested by enzyme immu:
noassay went directly for immunohistochemistry anc
immunoblotting (figure).

No samples were clearly reactive in both enzyme
immunoassays. One was reactive by Microsens and
high negative by Bio-Rad, and another was reactive
by Bio-Rad and high negative by Microsens. Nine
were high negative by both the Microsens and Bio-
Rad enzyme immunoassays. Seven of these 11 samples
were methionine homozygote at codon 129 of the
prion protein gene (PRNP and four were heterozy-
gote; only four (three homozygote and one heterozy-
gote) were from peaple born before 1996 and therefore
likely to have had dietary exposure to bovine spongi-
form encephalopathy.

Immunoblotting results ?
We demonstrated satisfactory immunaoblotting perfor:
mance, using two different protocols in two separate
laboratories, by testing the tonsil tissue taken at
autopsy from vCJD patients, as well as by spiking
experiments using scrapie sheep tonsil tissue, scrapie
infected hamster brain, and human vCJD brain tissue.

None of the survey sub-sample investigated by
immunoblotting gave a protein banding pattern con-
sistent with the presence of PrP°. Some samples that
showed a single band, which was not consistent with
any expected pattern, were re-tested by immunoblot-
ting either with the same antibody or with different
antibodies, including 3F4 and 2 secondary antibody
designed to reveal non-specific antibody interactions.
Only one sample still showed a single immunoblotting
band; it was methijonine fmmozygote_gt codon 128.and
from a patient in the 1986-90 birth cohort, and-it was

imrﬁunohis_tochemistry results )
More than 800 tonsils, selected on the basis of the
enzyme jimmufioassay results, have been investigated
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by immunchistochemistry in one or other of two
experienced laboratories, and none was scored posi-
tive for PrP<®,

Prevalence estimates

Overall, 32661 (52%). of the 63007 samples tested
came from people born in 1995 or earlier who were
alive at the time when bovine spongiform encephalo-
pathy contaminated meat was being consumed
{table 2). The observed prevalence of PrP® in this
group was zero (95% confidence interval 0 to 113 per
million). Combining the 1986-90 and 1991-5 cohorts
gave a prevalence of zero with an upper 95% confi-
dence limit of 185 per million. The prevalence in the
combined 1996-2000 and 2001-7 unexposed cohorts

was also zero with an upper 95% confidence limit of -

122 per million.

Although the zero per million prevalence seen in the
1961-85 cohort (upper 95% confidence limit 289 per
million) was different from the 292 per million (95%
confidence interval 60 to 853 per million) found in
the earlier survey of appendix tissue,’ the 95% confi-
dence intervals for both surveys overlapped (a formal
comparison of the prevalence estimates givesa Pvalue
of 0.09).

DISCUSSION

Initial results from testing the tonsil specimens in a
national anonymous tissue archive have shown the
prevalence of PrPP® to be zero in 63 007 overall and
zero in 12753 in the birth cohort in Britain in which
most cases of vCJD have occurred. Interpretation of
this finding, and of the difference between it and the
carlier survey of appendix tissue, depends critically
on three factors: the sensitivity of the test system cho-
sen to screen the tonsil specimens, the representative-
ness of the sample specimens of the people most
vulnerable to vCJD disease, and the niatural history of
the infectivity of bovine spongiform encephalopathy
in individual patients, particularly the time when
PrPP first appears pre-clinically in tonsil compared
with appendix tissue and how long it persists.

Table 2|Prevalence of disease related prion protein (PrP'°) in Britain by birth cohort
(posmve/tatal rate per mitlion with 95% confidence intervals*)

Biith sfont

Earllerf {1995-9) riational tissue suwzy

Current {2004 3 p

mber 2008)

national tissue survey: tonsils Appendices . Tonsils

1940 and before NA NA 0/225
1941-60 NA 0/573 0/266
1961-85 0/12753; 0 (0to 289) 3/10278;292(60t0853) 0/694
1986-90 0/9 564; 0 (010 386) 0/396 0/119
1991-5 0/10 344; 0 (0ta 357) NA 0/106
1996-2000 0/1%5 708; 0 (0t0 253) NA 0/17
20017 0/14 638;0 (010 252) NA NA
Total 0/63007; 0{0t0 59) 3/11267:267{5510779) 0/1427;0{(0to 2

: ' - 582)
NA=not available,
*95% c only when exceeds 1000,

1Data from separate tissue survey of 2000 tonsils (uly 2000-August. 2002) in southeast England (including

London)® not Included.
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Test sensitivity
Three experiments investigated the sensitivity of the
enzyme immunoassays. The first was the enzyme
immunoassay selection study, the second was the inter-
rogation of the enzyme immunoassays with tonsil tis-
sue from sheep with scrapie, and the third was the use
of tonsil tissue from patients who died from vCJD.
Overall, these indicated that the Microsens enzyme
immunoassay was more sensitive than the Bic-Rad
enzyme immunoassay for detection of PrP9® in lym-
phatic tissue. The most sensitive detection was by the
Microsens enzyme immunoassay with a sample con-
taining 12 pg vCJD tonsil tissue; the equivalent for
the Bio-Rad enzyme immunoassay was 480 pg vCJD
tonsil tissue (table 1). When used for screening, 12 000
g tonsil tissue was applied to-the Microsens enzyme
immunoassay and 48 000 g to the Bio-Rad enzyme
immunoassay. Therefore, the two enzyme immunoas-
says should have been sufficiently sensitive to detect
PrP9® in tonsils from asymptomatic people incubating
vC]D iflevels of PrPYP were a 10th to 2 1000th of those
in patients with symptoms. )
The dual enzyme immunoassay tonsil screening
protocol may be at least as sensitive as any other
large scale testing for abnormal prion protein that
could have been used. The enzyme immunoassays
use different test principles and- antibodies, perhaps
reinforcing the sensitivity of each. Reading of the
results was automated, and we used a range of controls

" on each 96 well plate of tests. We deemed the use of a

single enzyme immunoassay cut-off value as com-
monly applied to screen a population with many posi-
tives to be inappropriate, as this particular set of
samples was expected-(and found) to be overwhel-
mingly negative. Therefore, we calculated the cut-off
value for each plate individually, and this method
almost doubled the number of specimens.that were
selected for further investigation by xmmunoblomng
and immunohistochemistry.

Several reasons exist why a specimen could have
given a false high (reactive or high negative) optical
density reading in either or both enzyme immuno:
assays: inadequate proteinase K digestion of PrP< (the
normal cellular form of PrP) for the Bio-Rad enzyme
immunoassay, inadequate removal of PrP° bound to
the capture polyanion for the Microsens enzyme
immunoassay, non-specific antibody interactions
owing to the high antibody concentration in tonsi] tis-
sue, and poor sample quality or technical failures.
Therefore, applying .more specific immunobiotting
and immunohistochemistry tests to confirm whether
PrP9° was present was essential.

In comparison with immunchistochemistry, the
volume of tonsil tissue screened by enzyme immuno-
assay was relatively large. Immunohistochemistry on
appendiy tissue may also be less specific than immuno-
blotting, so that prcvalencc estimated by immunohis-
tochemistry screening may tend to overestimate the
true situation.” However, to tackle the lingering uncer-

tainty that screening immunohistochemistry might be
* more sensitive than dual enzyme immunoassay
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screening, a further study to re-test 10000 of the
archived tonsils by immunohistochemistry has been
commissioned. These 10000 samples comprise those
from patients in the 1961-85 birth cohort, as well as any
samples that gave optical density readings above the
cut-offs in either of the two enzyme immunoassays.
The results from this major undertaking should be
available some time during 2009.

Two of the three positive samples in the retrospec-
tive immunohistochemistry study of appendix tissue
were valine homozygous at codon 129 of PRNPSY
Therefore, we can be confident that the antibodies
used in our immunohistochemistry analysis would
have showed PrPYP in a valine homozygote if it was
present. The-antibodies used in the enzyme immuno-
assay and immunoblotting would similarly be likely to
detect PrPYP in 2 valine homozygote and, by exten-
sion, PrP%® in a heterozygote. Although the immuno-
blotting profiles of valine homozygote -and
heterozygote vCJD are unknown, they may be
expected to consist of three or four glycoforms.”’ The
jmmunoblotting ‘profile of the spleen in a case of
asymptomatic vCJD infection in a heterozygote

. patient' showed similarities to that in clinical vCJD

spleen samples in methionine homozygote patients,
with a predominance of the diglycosylated band.* We
did not observe by immunoblotting any pattern similar

to any recognised profiles in sporadic CJD or

sample from the 1961-85 birth cohort had their apper
dixes removed (during 1995-9) until our sample ha
their tonsils removed (mostly in 2006-7)—10 yea
during which abnormal prion protein levels might b
expected to have increased rather than diminishec
Within this birth cohort, however, the average age ¢
appendicectomy was estimated to be four years olde
than the average age of tonsillectomy, so the averag
duration of the opportunity for PrP® to increas
between the appendicectomy samples and the tonsi

_ lectomy samples would have been about six years. O

the other hand, the relatively older appendix sampl
that was collected earlier may conceivably have cor
tained a wave of infectivity in the 1961-85 cohortof th
British population that was not present in the younge

- tonsil group that was sampled later.

vCJD."*!¢ The only repeatedly anemalous immuno-

blotting pattern seen was of a single immunoblotting
band in an immunohistochemistry negative sample,
which was methionine homozygote at codon 129 of
FPRNP. ) .

'Representanveness of samiple

The age and sex characteristics of the samples in our
study reflected the current age and sex distribution of

people having tonsillectomy: 72% of these born in

1995 or earlier in our survey were female, ‘compared
with 48% of those born since 1995. Although only 44%
of vCJD cases to date have been in women, we do not

Detailed information on previous operative histor;
was sought on every vCJD case diagnosed in Britsir
Seventeen of 167 patients were reported to have h{
tonsillectomy; 14 of these were in the 1961-85 birt
cohort, and the remaining three were in the pre-196:
birth cohort. None was likely to have had specimen
included in this or the earlier tonsil survey (Heste
Ward, personal communication).®

Natural history -

While PrP9® hasbeen found consistently by immuna
blotting and immunohistochemistry in tonsil tissu:
‘from patients with vCJD,"#%"% PrP9% in a tonsil fron
an asymptomaticperson has yet to be reported. Given
however, that tonsillar tissiie has been shown to: accu
mulate PrP* before the onset of clinical diseaseinnon

- human primates and well before the onset:of dlinica

disease in sheep experimentally infected. orally witl

. bovine spongiform encephalopathy,® we considere«

think that the predominance of females in our older,

sample of tonsils could have biased our findings with
respect to prevalence of PrP@P,

Given the very strong association between PrP9®
and people who are homozygous for methionine at

PRNP codon 129, it is important to note that our sam- .

ple was likely to have been representative of this

- genetic susceptibility: an analysis of 466 of the tonsils

in our survey showed 47% to be methionine homozy-

gotes at codon’ 129, consistent with what was"

- expected:'**** Therefore, of the 32 661 tonsils tested

tonsil tissue to be a reliable substrate for a survey o
prevalence in humans. Also, the use of fresh tonsil tis
sue allowed mare comprehenswe laboratory testing, i
necessary, after the initial screening assays. &
PrPY® has been observed to accurnulate in append
tissue in vCJD (19/20 positive/tested)**** and, in tws
cases, before symptoms developed.*?** Howevery dat:
on the timing of the appearance of PrP® in differen
peripheral lymphoreticular tissues during the pro
loniged incubation period of vCJD are sparse..Thi
rate of accumulation of PrPY™ in tonsil and appendi:
tissue could differ such that the findings.of surveys o

" appeadix and tonsil tissues would also differ. The posi

from people born before 1996, approximately 15351 -

(47%) would have been' from methionine homozy-
gotes
Several differences must be considered when com-

. parmg results between surveys. First ,and foremost is

that previously appendix lssies weie screened by

‘tissue by enzyme immunoassay. Secondly, an average

of 10 years elapsed between when the previous large .
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tive samples found in the appendix survey presumablw
came from people who were infected a relatively shor
time earlier, during the peak of the bovine sponpf_om
encephalopathy epidemic’ Moreover, should th
incubation period for prion disease be considerabl;
Jonger in people with different genotypes, uncertainty
about the timing of the appearance of defectable PrPPF

-in these will increase, with concomitant implication

‘lmmunohxstochemlstry, whereas ‘we screened tonsil -

for the mterpretauon of result.s of PrP9P prevaleno
surveys.
.Animal éxperiments have shown that h:gh infectiv

ity, and irideed disease, can be present iz the abserice o

-

-

detectable pro PrP5! The extent &«

K resist:
]

A . . pa&id‘
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Statistical back calcutation besed on cases of vCJD to 2004 has given estimates of between
10 and 190 further clinical cases over the next few decades

A study of archived appendix and tonsil tissues found a prevalence of lymphoreticular
accumulation of pathogenic prion protein consistent with the existence of between 520 and
13000 syb-clinicat cases

Therefore, a discrepancy exists between estimates, which reeds to be resolved to ensyre that
proportionate public health measures are implemented

WHAT THIS STUDY ADDS

Testing of tissue from more than 63 000 tonsits, of which 12 763 were from the 1961-85 birth
cohon, has not shown evidence for the presence of the pathogenic form of the prion protein

The prevalence of sub-clinicat vCiD infection in Britain may be lower than that given hy

Bevmus estimates, with an upper limit of 289 per million in the 1561-85 birth cohort |

which this observation can be generalised is, however,

\ unclear, as PrPY® has been shown to be present in the
lymphoid tissues of all vCJD patients tested.**’ If other,
more reliable, indicators of vCJD become available,
screening the existing samples with tests for these mar-
kers, and thereby determining whether any vGJD posi-
tives have been missed by looking only for PrP9°, may
be possible.

Data from animal experiments also show “clear-
ance” of abnormal prion protein after inoculation ¥ %2
Therefore, the abnormal prion protein found in the
earlier survey of appendix tissue may conceivably
have been transient and eventually cleared without
leading to disease, so that the appendix survey result
would not have been replicated by the later tonsil sur-
VE)’.

Conclusion

We tested more than 32 000 tonsils from people in the
age range most exposed to meat contaminated with
bovine spongiform encephalopathy, and believed to

larger sample set of the people most exposed to the
bovine spongiform encephalopathy agent
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