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Abstract. Heinz bodies (HBs) are known to interfere with automated hematology in cats, 16 

particularly with the white blood cell (WBC) count. We evaluated the influence of feline HBs on 17 

the complete blood count (CBC) results obtained using a flow cytometry–based analyzer. We 18 

retrospectively selected cats with circulating HBs and reviewed the results of their CBCs, 19 

including red blood cell (RBC) indices, basophil/lobularity (Baso) WBC count (WBCB), 20 

peroxidase (Perox) WBC count (WBCP), and cytograms. Based on the presence or absence of 21 

HB-related artifacts in their Baso cytogram, cats were grouped into Baso-HBs and HBs groups, 22 

respectively, for comparison. The WBCB and WBCP were compared to manual counts of WBCs 23 

carried out on blood smears at 400× (MC-WBC). We included 32 cats in our study: 9 of 32 were 24 

in the Baso-HBs group, and 23 of 32 were in the HBs group. Baso-HBs cats had a significantly 25 

increased HB percentage (p < 0.001), WBCB (p < 0.001), difference between WBCB and 26 

WBCP (p < 0.001), lymphocyte count (p < 0.001), mean corpuscular hemoglobin concentration 27 

(p < 0.001), and difference between calculated and measured erythrocyte hemoglobin 28 

concentrations (p < 0.001) compared to HBs cats. In Baso-HBs cats, the WBCB was 29 

significantly higher than the WBCP (p = 0.02); no significant difference was detected between 30 

the WBCP and the MC-WBC (p = 0.88). Evaluation of automated CBC results raised the 31 

suspicion of HB-related interference when using a hematology analyzer in cats; hence, blood 32 

smear examination remains essential in routine practice. 33 

 34 

Key words: feline; hematology cytograms; peroxidase reaction; spurious leukocytosis. 35 

36 
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Introduction 37 

Heinz bodies (HBs) are clumps of oxidized and precipitated hemoglobin on the inner surface of 38 

the erythrocyte membrane that can be detected frequently in circulating red blood cells (RBCs) 39 

in cats.5,10 Oxidative damage could arise from exposure to toxins, such as propylene glycol,7,27 40 

onion-containing diets,21 drugs (such as acetaminophen, methylene blue, and propofol), and 41 

other causes of methemoglobinemia.2,16,19 Increased formation of HBs may also occur in cats 42 

with spontaneous diseases, such as diabetes mellitus,6 hyperthyroidism, and lymphoma.5 43 

Feline erythrocytes, given their peculiar hemoglobin structure, are particularly prone to 44 

hemoglobin oxidative damage and HB formation. Moreover, in cats, the spleen is generally 45 

unable to remove RBCs containing HBs.8 For these reasons, clinically healthy and non-anemic 46 

cats might have up to 5% of circulating RBCs with HBs, and their presence may be >50% when 47 

disease is present.5 HBs can be seen in blood smears routinely stained with Romanowsky 48 

staining; however, smears are best evaluated using a supravital dye, such as brilliant cresyl blue 49 

(BCB).13 To our knowledge, although different thresholds have been proposed to enumerate HBs 50 

in feline blood smears,5 there are no specific reference intervals. 51 

HBs are known to interfere with automated hematology assays in humans9,12 and in 52 

cats.25,28 The presence of numerous HBs in 2 cats gave an erroneous total white blood cell 53 

(WBC) count of >100 WBCs × 109/L when using an automated impedance cell counter.28 An 54 

erroneously increased leukocyte count of 69.8 WBC × 109/L, in a basophil reagent channel of a 55 

laser flow cytometry hematology analyzer (Technicon H1; Technicon Instruments, Tarrytown, 56 

NY), has been reported in the complete blood count (CBC) of a cat with HBs and hemolytic 57 

anemia. This finding was associated with peculiar WBC cytograms.25 58 
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Some automated hematology systems have been validated for routine use in small 59 

animals.4,14,15,17,18 The ADVIA 2120 system (Siemens Healthcare Diagnostics, Tarrytown, NY) 60 

is an advanced flow cytometry–based blood analyzer with similarities to the instrumentation 61 

cited above (Technicon H1).17,25 The ADVIA system uses different channels for the 62 

quantification of hemoglobin, RBCs, platelets, WBCs (total and differential), and reticulocytes. 63 

For the total leukocyte count, this system utilizes the basophil/lobularity assay (Baso); in this 64 

channel, all WBCs except basophils are stripped of their cytoplasm, and are measured by nuclear 65 

shape and complexity. The results are also graphically displayed using a Baso cytogram (Fig. 66 

1).17 A differential leukocyte count is also obtained in another channel by the mean of a 67 

peroxidase cytochemical reaction (Perox); the results are reported numerically and graphically 68 

displayed in the Perox cytogram (Fig. 2).17 In humans, the results generated by automated 69 

hematology analyzers are rarely questioned by clinical pathologists, and only in selected cases do 70 

they need to be confirmed by microscopic examination of blood smears. More often, the 71 

evaluation of cytograms and the interpretation of reported flags allow for a definitive diagnosis. 72 

In contrast, microscopic evaluation of blood smears is still considered mandatory in veterinary 73 

medicine because graphical and flag algorithm interpretation is not well established.17,22 74 

Given the potential confounding effect of HBs on automated hematology results, we 75 

evaluated the influence of feline HBs obtained with an automated analyzer on the leukocyte 76 

count and other CBC results, including cytograms and indices. Our hypothesis was that HBs in 77 

elevated numbers could be suspected or even detected with the evaluation of automated CBC 78 

graphical and numerical results. Our secondary objective was the evaluation of any artifact 79 

related to HB presence at different times during the follow-up of selected cases. 80 

Materials and methods 81 
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Case selection 82 

We reviewed hematology data obtained by an automated hematology assay (ADVIA 2120) and 83 

the results of blood smear microscopic examination performed at a university veterinary hospital, 84 

between January 2015 and December 2017, in order to identify cats with HBs. Medical records 85 

of the cases included were additionally examined in order to retrieve clinical and 86 

clinicopathologic data including signalment, etiology of HB formation, and numerical and 87 

graphical CBC results. 88 

Cats with artifactual changes related to HBs in the Baso scattergram, consisting of a cluster 89 

of dots lying at the bottom threshold of this cytogram, as described previously,25 were included 90 

in the Baso-HBs group (Fig. 1). Cats with HBs in different percentages on blood smear 91 

evaluation and without any artifacts in their cytograms were included in the HBs group. The 92 

results of multiple CBCs from the same cat in the Baso-HBs group, when available, were 93 

categorized in different arbitrary times after inclusion in the study: T1 (1–3 d), T2 (4–7 d), and 94 

T3 (8–14 d). 95 

Blood collection and analysis 96 

Blood samples were obtained by venipuncture using a vacuum system (Vacutest Kima, 97 

Arzergrande, Italy), and K3-EDTA blood samples were processed and analyzed within 2 h after 98 

collection. The following automated CBC variables were reviewed: Baso total WBC count 99 

(WBCB); Perox total WBC count (WBCP); difference between WBCB and WBCP (ΔWBCB-100 

WBCP); percentage of mononuclear cells (MNs) and polymorphonuclear cells (PMNs); 101 

percentage and absolute number of neutrophils, lymphocytes, monocytes, eosinophils, basophils, 102 

and large unstained cells (LUCs); RBC count; hematocrit value (Hct); mean corpuscular volume 103 

(MCV); red cell volume distribution width (RDW); measured hemoglobin (mHb); calculated Hb 104 
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(cHb); Hb concentration distribution width (HDW); mean corpuscular Hb (MCH); mean 105 

corpuscular Hb concentration (MCHC); corpuscular Hb concentration mean (CHCM); difference 106 

between MCHC and CHCM (ΔMCHC-CHCM); reticulocyte percentage (RP) and concentration 107 

(RC); and platelet count and mean platelet volume (MPV). The Baso, Perox, and RBC 108 

cytograms were also reviewed by 2 of the authors (F Dondi, C Agnoli). Hematology system flags 109 

were retrieved from the automated analyzer database; in particular, the percentage of cases with 110 

Baso no valley (B-NV; no valid separation between the MN and PMN population in the Baso 111 

cytogram), Perox no valley (PX-NV; no valid separation between the noise and lymphocyte 112 

population in the Perox cytogram), and a comparison error MCHC-CHCM (CHCMCE) >19 g/L, 113 

following the manufacturer’s indications for humans (Bayer HealthCare, ADVIA 2120/2120i 114 

Operator’s guide, 2010), were compared between groups. 115 

Blood smears were stained with May Grünwald–Giemsa (MGG; Merck KGaA, Darmstadt, 116 

Germany) and were evaluated microscopically. Manual total and differential leukocyte counts 117 

were carried out11; in particular, the WBC differential count was determined by counting 100 118 

consecutive leukocytes at 1,000×; nucleated red blood cells (NRBC) were also enumerated and 119 

recorded as NRBCs/100 WBCs, when present.1 Erythrocyte and leukocyte morphology, and the 120 

estimation of platelet number were evaluated at 1,000×. The HB percentage on RBCs was 121 

estimated on 1,000 RBCs and reported as absolute values and percentage categories: + if <10% 122 

(occasional presence); ++ if 10–50% (moderate presence); +++ if >50% (marked presence), as 123 

suggested previously.5 All manual counts were carried out in a monolayer area of the smears. In 124 

the Baso-HBs group, a WBC manual total estimation (MC-WBC) was determined by 125 

multiplying the average number of WBCs counted in 10 fields at 400× by 1.6 × 109/L 126 

(Christopher MM. Evaluation of the blood smear. Proc 29th World Small Anim Vet Assoc 127 
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World Congress; Oct 2004; Rhodes, Greece); The HBs were also evaluated and enumerated as a 128 

percentage of HBs on 1,000 RBCs, on a supravital BCB-stained blood smear (Fig. 3; Sarstedt, 129 

Nümbrecht, Germany).5,13 130 

Statistical analysis 131 

All data were evaluated with descriptive statistics and reported as median and range (minimum–132 

maximum) or as mean ± standard deviation, based on their distribution. Normality was checked 133 

graphically and using the Shapiro–Wilk test. Differences between groups were evaluated using 134 

independent sample t-test or Mann–Whitney U test for normally and non-normally distributed 135 

values, respectively. In the Baso-HBs group, results at different times were compared using 136 

Friedman analysis of variance (ANOVA). Categorical data were analyzed using the Fisher exact 137 

test or the chi-squared test. Receiver operating characteristic (ROC) curves were used to find the 138 

optimal cutoff values of ΔMCHC-CHCM, ΔWBCB-WBCP, and HB% with the maximal sum of 139 

sensitivity and specificity for prediction of the presence of the artifactual changes related to HBs 140 

in the Baso scattergram (as reported above). The area under the curve (AUC) was calculated. A p 141 

≤ 0.05 was considered significant. Statistical analysis was carried out using MedCalc Statistical 142 

Software v.18.2.1 (MedCalc Software, Ostend, Belgium). 143 

Results 144 

Thirty-two cats with HBs were included in our study; 9 of 32 in the Baso-HBs group and 23 of 145 

32 in the HBs group. The median age was 93 mo (3–192 mo) in the Baso-HBs group and 113 mo 146 

(4–312 mo) in the HBs group. In the Baso-HBs group, 5 of 9 cats were female (3 spayed), and 4 147 

of 9 were male (3 neutered); in the HBs group, 9 of 23 were female (6 spayed), and 14 of 23 148 

were male (13 neutered). The breeds in the Baso-HBs group included European domestic 149 

shorthair (8 of 9) and Maine Coon (1 of 9) cats; those in the HBs group included European 150 
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domestic shorthair (19 of 23), Birman (2 of 23), Maine Coon (1 of 23), and Persian (1 of 23) 151 

cats. 152 

In the Baso-HBs group, an association with diseases known to promote HB formation 153 

was identified in 6 of 9 cats: diabetic ketoacidosis (n = 3), chronic enteropathy/lymphoma (n = 154 

2), and onion poisoning (n = 1); in 3 of 9 cats, the etiology of HB formation remained unknown; 155 

intoxication (n = 2) and trauma (n = 1) were suspected. In the HBs group, HB formation was 156 

associated with lymphoma (n = 4) and diabetic ketoacidosis (n = 3); in 16 of 23, the etiology of 157 

the HB remained unknown, and these cats were affected by acute or chronic enteropathy (n = 5), 158 

chronic kidney disease (n = 3), feline leukemia virus or feline immunodeficiency virus infection 159 

(n = 2), diaphragmatic hernia (n = 1), Cushing syndrome (n = 1), non-regenerative anemia (n = 160 

1), allergic dermatitis (n = 1), neurologic disease (n = 1), and trauma (n = 1). 161 

Complete hematology and ROC curve analysis results are reported in Tables 1–3. The 162 

number and percentage of HBs on RBCs were significantly increased in the Baso-HBs group as 163 

compared to the HBs group (Table 1). In particular, a marked presence of HBs was detected 164 

more frequently in the Baso-HBs group than in the HBs group (Table 1). The Baso-HBs group 165 

had significantly increased MCH, MCHC, ΔMCHC-CHCM, RP, and RC when compared to the 166 

HBs group (Table 1). The MCHC values were significantly higher as compared with the CHCM 167 

in both the Baso-HBs and HBs groups (p < 0.001 and p = 0.01, respectively; Fig. 4). 168 

The cats in the Baso-HBs group had significantly increased WBCB, ΔWBCB-WBCP, 169 

PMNs, and absolute and percentage lymphocyte counts, and significantly decreased MNs and 170 

neutrophil percentages when compared to the HBs group (Table 2). In the Baso-HBs group, the 171 

WBCB was significantly greater than the WBCP (p = 0.02), whereas the WBCB and WBCP 172 

Commentato [HF1]: Use of a slash is discouraged in JVDI. 
Should this be “or”, “and/or”, or “and”? 
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were not different in the HBs group (p = 0.88; Fig. 5). No significant difference was detected 173 

between WBCP and MC-WBC within the Baso-HBs group (p = 0.40). 174 

In the Baso-HBs cats, automated percentage and absolute lymphocyte counts were higher 175 

than the manual lymphocyte count (p < 0.001 and p < 0.001, respectively), and the automated 176 

neutrophil percentage count was lower than the manual neutrophil percentage (p = 0.002). A 177 

similar difference was not noticed for the absolute manual and automated neutrophil counts. 178 

All cats included in the Baso-HBs group presented an artifact in the Perox cytogram that 179 

was characterized by numerous dots located in the bottom left-hand corner of the graph (Fig. 2). 180 

This artifact was not clearly detected in the HBs group. The evaluation of the RBC scattergrams 181 

revealed that the Baso-HBs cats had an RBC population right-shifted toward hyperchromic, and 182 

occasionally microcytic, erythrocytes (Fig. 6). Similar findings were not detectable in the HBs 183 

group. The Baso-HBs cats had a significantly higher frequency of PX-NV, B-NV, and CHCMCE 184 

flags as compared to the HBs cats (Tables 1, 2). 185 

The hematologic data of the Baso-HBs cats at all of the different times were available in 186 

4 of 9 cats (Table 4). Over time, in the Baso-HBs group, there was a significant and progressive 187 

decrease in HB percentage. Concurrently, ΔWBCB-WBCP, MCHC, CHCM, and ΔMCHC-188 

CHCM decreased significantly between T0 and T2, and T0 and T3, and between T2 and T3. In 3 189 

of 4 cats in the Baso-HBs group, there was complete disappearance of the Baso-channel–related 190 

artifactual changes at T3. 191 

Discussion 192 

We evaluated the potential HB interference with hematology results in cats obtained by an 193 

automated analyzer by comparison of numerical and graphical data. During the study period, we 194 

evaluated cases in which a marked presence of HBs produced relevant artifacts in the CBC 195 
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results. Underlying diseases previously related to HB formation were identified by clinicians in 196 

the majority (6 of 9) of the Baso-HBs cats; no clear etiology promoting HB formation was 197 

identified in the remaining subjects. In particular, to our knowledge, traumatic injuries have 198 

never before been associated with HB formation in cats. Although the identified underlying 199 

diseases were similar in HBs and Baso-HBs cats, the number of HBs was significantly increased 200 

in the latter. In our study, in particular, the diseases more frequently associated with HB presence 201 

were diabetic ketoacidosis and lymphoma. A previous study reported a significant correlation 202 

between the number of HBs and the plasma concentration of β-hydroxy-butyrate.6 Similar 203 

findings, however, were not confirmed in our study (data not shown). Different disease severity 204 

associated with a more compromised antioxidant status can only be hypothesized to explain the 205 

difference detected in our study groups. 206 

Our results indicated that an elevated number of HBs in feline erythrocytes significantly 207 

affected some hematologic results of the automated analyzer used in our laboratory. In particular, 208 

the presence of elevated percentages of HBs (>36% of RBCs) is highly associated with WBCB 209 

artifacts and leads to an erroneously increased total WBCB count, which must be verified by 210 

blood smear examination. 211 

In the hematology system used in our study, the Baso and Perox assays were the default 212 

methods for routine total and differential WBC counts, respectively. In humans, as in veterinary 213 

species, however, both the Perox and the Baso methods are able to provide total WBC counts 214 

(WBCB and WBCP) that must coincide or agree within specific limits.17 In humans, a 215 

discrepancy between the results of the 2 methods, calculated as an increase in the ΔWBCB-216 

WBCP, has been reported in the presence of NRBCs, malaria parasites, or incomplete RBC lysis 217 

(e.g., the presence of HBs).29 To our knowledge, the causes of increased ΔWBCB-WBCP are not 218 
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well known in veterinary medicine. In all of the cats included in our study, an elevated 219 

concentration of NRBCs was ruled out by blood smear evaluation. The artifactual leukocytosis 220 

detected by the Baso channel and the significantly higher ΔWBCB-WBCP observed in the Baso-221 

HBs cats could be reasonably related to the elevated number of HBs. In particular, WBCB count 222 

reached 459 and 549 × 109 WBC/L in 2 cases, further increasing the difference between the 223 

study groups. Feline HBs are predominantly distinct, large, round structures and have a high 224 

density that frequently leads to incomplete RBC lysis20,26; hence, interference with the Baso 225 

method could also have been expected in the populations of our study, as described previously.25 226 

Moreover, the events represented as a cluster of small particles overlapping the bottom threshold 227 

of the graph could have incremented the WBCB incorrectly and prevented a correct automated 228 

separation between MN and PMN cells, flagged by B-NV. Visual evaluation of the Baso 229 

cytograms carried out by the operator would have allowed identification of the spurious 230 

leukocytosis and possible determination of its cause. Furthermore, the identification of a cutoff 231 

value to differentiate samples with elevated HB could be considered a relevant finding in our 232 

study and could be useful in clinical practice. Although we did not evaluate other causes of 233 

increased ΔWBCB-WBCP in our study, a value >1.59 × 109 WBC/L was strongly related to a 234 

marked concentration of circulating HBs in cats. 235 

The WBCP appeared to be less affected by the marked HB presence in those cats in our 236 

study that had a higher percentage of HBs (Baso-HBs group). To evaluate the accuracy of both 237 

automated WBC counts in this population, the automated results were compared to a manual 238 

estimation of WBC concentration. This estimation is commonly used in veterinary medicine, 239 

particularly in critical care settings. However, its use is scarcely supported by the literature and 240 

has inherent limitations that should be taken into account when evaluating the results of our 241 
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study. Manual WBC estimation was not significantly different from the WBCP, although it was 242 

significantly decreased when compared to the WBCB. Nevertheless, these results do not allow us 243 

to exclude HB interference on the Perox channel. A previous paper has supported the statement 244 

that a manual differential count shows good agreement with the automated lymphocyte and 245 

neutrophil differential counts obtained by the analyzer used in our study with the peroxidase 246 

reaction.4 In our population, however, based on the Perox differential count, significantly 247 

increased lymphocyte percentage and absolute number were detected, when compared to the 248 

manual differential count results. In our opinion, the spurious increase in the automated 249 

lymphocyte count could have been the result of HB interference on the Perox reaction or cell 250 

type detection, leading to a misleading classification between lymphocytes and the HBs that 251 

were likely identified as small lymphoid cells. For this reason, it is reasonable to hypothesize that 252 

the total WBCP could also be overestimated in cats with an elevated percentage of circulating 253 

HBs. In these animals, the Perox scattergrams presented dots located in the bottom left-hand 254 

corner probably preventing a correct differential leukocyte count, and they were flagged by the 255 

PX-NV in 89% of cases, supporting the hypothesis in our study. Similar findings using the laser 256 

flow cytometry automated analyzer which preceded the one used in our study have been 257 

reported.25 As mentioned above for the WBCB, the visual inspection of the Perox cytogram 258 

routinely carried out by the operator could also allow the identification of potential HB-related 259 

artifacts on the automated differential WBCP. 260 

We also detected an association between the presence of HBs and the artifactual changes 261 

in RBC indices. The analyzer that we used has 2 methods for hemoglobin measurement: a 262 

cyanide-free colorimetric method (total hemoglobin or mHb) and a flow cytometry cell–based 263 

hemoglobin assay (reported as CHCM).3 In contrast to CHCM, the MCHC is a calculated 264 
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variable that reflects the average concentration of hemoglobin within the erythrocytes, based on 265 

the colorimetric measurement of mHb, using the following formula: MCHC = mHb/[RBC × 266 

MCV] × 1000. For each sample, MCHC and CHCM are compared automatically, and the system 267 

flag CHCMCE is generated if ΔMCHC-CHCM values are >19 g/L.3 A significant increase in 268 

MCHC but not in CHCM (leading to a significant increase in ΔMCHC-CHCM) was observed in 269 

the Baso-HBs group. Furthermore, in all of these cats, the RBC scattergrams showed a 270 

population of erythrocytes shifted toward hyperchromic RBCs, which could correspond to RBCs 271 

with HBs, as suggested previously.24 Thus, the high optical density of numerous RBCs 272 

containing HBs in Baso-HBs cats could primarily explain these findings and, particularly, the 273 

increased value of the MCHC. It is also known that some other conditions that can cause 274 

turbidity in the sample, such as lipemia, icterus, extreme leukocytosis, and in vivo or in vitro 275 

hemolysis can result in the overestimation of mHb and MCHC, without a significant effect on 276 

CHCM.3,23 None of the cats included in our study had macroscopic lipemic or icteric samples, 277 

and extreme leukocytosis was excluded by means of manual WBC estimation. 278 

In our opinion, the role of hemolysis was of little relevance in the Baso-HBs cats 279 

compared to the HBs cats, given the absence of statistical differences in the erythrocyte mass and 280 

MCV values, in the morphologic signs of hemolysis other than HBs on blood smear examination 281 

(ghost cells and erythrocyte fragments), and in serum total bilirubin concentration (data not 282 

shown). However, the possibility that Baso-HBs cats suffered more marked hemolysis could not 283 

be completely excluded because Hct and RBCs were slightly decreased in the Baso-HBs group. 284 

The absence of statistical significance could be related to the limited number of patients included 285 

in the Baso-HBs group and should be considered when interpreting our results. 286 

Our results indicate that a value of ΔMCHC-CHCM >36 g/L seemed to be highly 287 
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predictive of a marked presence of RBCs with HBs, potentially leading to artifactual results in 288 

RBC indices. Although CHCM is considered more accurate than mHb or MCHC, HBs might 289 

interfere with the light-scattering properties of the erythrocytes affected. This could also cause a 290 

mild alteration in the CHCM value, as has been reported.23,25 Our results, however, do not 291 

support this latter data, given that the CHCM was within the reference interval in all of the cats 292 

included, and was not statistically different between the Baso-HBs and HBs cats. 293 

The serial CBC results of the Baso-HBs cats evaluated at different times revealed that 294 

HBs could persist in peripheral circulation for up to 14 d, with prolonged presence of 295 

interference and artifacts in automated CBC and cytogram results. The HB percentage decreased 296 

significantly during follow-up evaluation, leading to a reduction in interference on the Baso 297 

cytogram and a progressive decrease in WBCB and ΔWBCB-WBCP within 8–14 d from the first 298 

clinicopathologic evaluation. 299 

Some limitations should be considered when interpreting our results. Given its 300 

retrospective design, the medical records of the patients included were not complete in all cases; 301 

in particular, inaccurate identification of the underlying disease could have misidentified 302 

interference with the automated CBC, in addition to that related to HB formation. Moreover, the 303 

sample size was small given the rarity of the artifact herein reported, potentially lowering the 304 

power of the statistical analysis carried out. 305 

A high percentage of circulating HBs (>36% of RBCs) can lead to significant 306 

abnormalities in automated feline CBC results. Even though blood smear examination remains 307 

essential in routine veterinary practice to confirm the automated CBC results and identify the 308 

presence of HBs, careful evaluation of the cytograms and flags obtained by a flow cytometry–309 

based hematology analyzer could raise suspicion of HB-related interference in cats. 310 
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Table 1. Complete blood count and blood smear evaluation results regarding erythrocytes and 387 

platelets in Baso-HBs and HBs cats. 388 

Variable Unit RI 
HBs group 

(n = 23) 
Baso–HBs group 

(n = 9) p value 
HBs %  8.4 (1.0–52.0) 70.4 ± 17.0 <0.001 
 /1,000 RBCs  84 (10–520) 704 ± 170 <0.001 
HBs +/n cats %  14/23 (61%) 0/9 <0.001 
HBs ++/n cats %  7/23 (30%) 1/9 (11%) <0.001 
HBs +++/n cats %  2/23 (9%) 8/9 (89%) <0.001 
Hct L/L 0.32–0.48 0.30 (0.10–0.38) 0.23 ± 0.60 NS 
RBC ×1012/L 7.00–11.00 6.08 ± 2.20 5.38 ± 1.70 NS 
mHb g/L 100–162 94 ± 33 105 ± 44 NS 
cHb g/L 101–164 90 ± 31 79 ± 23 NS 
HDW g/L 19.4–24.8 24.7 (17.3–50.0) 47.2 ± 7.6 <0.001 
MCH pg 12.3–16.2 15.7 ± 1.9 19.3 ± 3.4 0.005 
MCHC g/L 316–357 347 ± 19 444 ± 72 <0.001 
CHCM g/L 316–356 334 (285–354) 343 ± 17 NS 
ΔMCHC-CHCM g/L <19 13 ± 18 101 ± 66 <0.001 
CHCMCE/n cats %  7/23 (30%) 9/9 (100%) <0.001 
MCV fL 36.0–55.0 45.1 ± 5.6 43.6 ± 5.6 NS 
RDW % 13.0–17.0 15.9 (13.1–22.6) 22.7 ± 5.9 0.003 
RP % 0–0.86 0.45 (0.13–2.33) 1.47 ± 1.23 0.02 
RC ×109/L 0–86 26 (8–175) 65 ± 39 0.04 
NRBC /100 WBCs  0 (0–3) 0 (0–7) NS 
PLT ×109/L 150–500 325 ± 162 422 ± 160 NS 
MPV fL 8.0–26.0 16.1 ± 4.7 14.2 ± 2.2 NS 
PDW % 55.0–75.0 62.8 ± 5.6 68.2 ± 5.7 0.008 
PCT % 0.03–0.60 0.48 ± 0.24 0.49 (0.43–0.95) NS 

Data are reported as median and range (minimum–maximum) or as mean ± standard deviation, 389 

based on their distribution. CHCM = corpuscular hemoglobin concentration mean; CHCMCE = 390 

comparison error MCHC-CHCM; cHb = calculated hemoglobin; HBs = Heinz bodies; Hct = 391 

hematocrit value; HDW = hemoglobin concentration distribution width; MCH = mean 392 

corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; MCV = mean 393 

corpuscular volume; mHb = measured hemoglobin; MPV = mean platelet volume; NRBC = 394 

nucleated red blood cell; NS = not significant; PCT = plateletcrit; PDW = platelet volume 395 

distribution width; PLT = platelet count; RBC = red blood cell; RC = reticulocytes number; 396 
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RDW = red cell volume distribution width; RI = reference interval; RP = reticulocytes 397 

percentage; ΔMCHC-CHCM = difference between MCHC and CHCM.  398 
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Table 2. Automated complete blood count and manual count results regarding the WBC in Baso-399 

HBs and HBs cats. 400 

Variable Unit RI 
HBs group 

(n = 23) 
Baso-HBs group 

(n = 9) p value 
WBCB ×109/L 3.9–12.8 11.8 (3.4–56.2) 51.0 (10.6–549.2) <0.001 
WBCP ×109/L 3.7–12.9 12.5 (3.7–54.6) 17.8 (8.2–56.2) NS 
ΔWBCB-WBCP ×109/L 0–0.6 0 ± 1.5 26.7 (2.4–493.1) <0.001 
MC-WBC ×109/L   16.0 ± 10.5  
MN % 20.8–67.5 18.1 (5.2–89.8) 10.2 ± 10.0 0.02 
PMN % 32.1–79.1 81.7 (10.0–94.6) 89.6 ± 10.0 0.02 
Neutrophils % 30.1–85.4 83.8 (8.5–93.3) 37.9 ± 27.2 0.002 
MC neutrophils % 30.1–85.4 82.0 (25.0–95.0) 86.0 (49.0–92.0) NS 
Lymphocytes % 6.8–58.2 11.6 (2.7–62.6) 60.2 ± 29.2 <0.001 
MC lymphocytes % 6.8–58.2 13.0 (2.0–74.0) 10.0 (5.0–38.0) NS 
Monocytes % 0–4.1 2.3 (0.6–44.4) 0.4 (0–4.0) 0.003 
MC monocytes % 0–4.1 2.0 (0–11.0) 2.9 ± 3.4 NS 
Eosinophils % 0.1–13.4 3.5 (0.4–10.8) 0.3 (0–3.8) <0.001 
MC eosinophils % 6.8–58.2 2.0 (0–22.0) 1.0 (0–4.0) NS 
Basophils % 0–0.30 0.10 (0–0.40) 0 (0–0.20) NS 
LUC % 0–0.10 0.10 (0–1.10) 0 (0–0.10) 0.005 
Neutrophils ×109/L 1.6–10.0 8.7 (0.8–52.5) 16.9 (7.8–54.3) NS 
MC neutrophils ×109/L 1.6–10.0 8.1 (2.6–50.0) 13.4 ± 9.3 NS 
Lymphocytes ×109/L 0.9–5.6 1.4 (0.5–7.6) 27.2 (1.7–493.9) <0.001 
MC lymphocytes ×109/L 0.9–5.6 1.5 (0.3–8.8) 1.5 ± 0.7 NS 
Monocytes ×109/L 0–0.65 0.28 (0.07–4.18) 0.26 ± 0.17 NS 
MC monocytes ×109/L 0–0.65 0.27 (0–2.81) 0.48 ± 0.56 NS 
Eosinophils ×109/L 0.06–1.47 0.43 (0.03–1.46) 0.29 (0–1.44) NS 
MC eosinophils ×109/L 0.06–1.47 0.31 (0–2.98) 0.14 ± 0.16 NS 
Basophils ×109/L 0–0.06 0.01 (0–0.23) 0.03 ± 0.03 NS 
LUC ×109/L 0–0.01 0.01 (0–0.13) 0.01 (0–0.03) NS 
B-NV/n cats %  3/23 (13%) 9/9 (100%) <0.001 
PX-NV/n cats %  3/23 (13%) 8/9 (89%) <0.001 

Data are reported as median and range (minimum–maximum) or as mean ± standard deviation, 401 

based on their distribution. B-NV = Baso no valley; ΔWBCB-WBCP = difference between 402 

WBCB and WBCP; HBs = Heinz bodies; LUC = large unstained cell; MC = manual count; MC-403 

WBC = WBC manual total estimation; MN = mononuclear cell; NS = not significant; PMN = 404 

polymorphonuclear cell; PX-NV = perox no valley; RI = reference interval; WBC = white blood 405 

cell; WBCB = baso total white blood cell count; WBCP = perox total white blood cell count.  406 
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Table 3. Results of the ROC curve analyses evaluating HB%, ΔMCHC-CHCM, and ΔWBCB-407 

WBCP values for the differentiation between cats with or without HB-related artifacts in their 408 

Baso cytograms. Cutoff values with maximal sensitivity and specificity for the presence of the 409 

artifact are provided. 410 

Variable Unit AUC Cutoff 
Sensitivity 

(%) 
Specificity 

(%) p value 
HBs % 0.99 >36 100 91 <0.001 
ΔMCHC-CHCM g/L 0.98 >36 100 96 <0.001 
ΔWBCB-WBCP ×109/L 0.99 >1.59 100 96 <0.001 

AUC = area under the curve; ΔMCHC-CHCM = difference between MCHC and CHCM; 411 

ΔWBCB-WBCP = difference between WBCB and WBCP; HBs = Heinz bodies; WBC = white 412 

blood cell. 413 
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Table 4. Selected hematology variable results obtained from cats belonging to the Baso-HBs group at different times, following 414 

inclusion in the study. 415 

Variable Unit T 0 (n = 4) T1 (1–3 d; n = 4) T2 (4–7 d; n = 4) T3 (8–14 d; n = 4) p value 

HBs % 85.0 (57.4–95.0) 57.9 (34.8–86.0)§ 35.6 (25.8–69.8)† 9.4 (2.6–16.6)* <0.001 

Hct L/L 0.26 (0.15–0.33) 0.22 (0.15–0.23) 0.22 (0.13–0.28) 0.25 (0.13–0.38) NS 

RBC ×1012/L 7.16 (3.15–7.26) 5.01 (3.15–6.69)§ 4.81 (2.61–5.75)§ 5.81 (2.68–6.85) 0.03 

mHb g/L 134 (61–184) 100 (60–109)§ 82 (49–104)§ 80 (48–122)§ 0.01 

cHb g/L 90 (52–119) 77 (51–82) 70 (42–94) 73 (42–120) NS 

MCHC g/L 511 (412–558) 454 (410–488) 378 (399–364)† 325 (318–359)* <0.001 

CHCM g/L 354 (330–370) 349 (326–387) 334 (314–339)† 313 (290–320)* <0.001 

ΔMCHC-CHCM g/L 148 (64–223) 90 (60–155) 51 (35–61)† 23 (6–39)* <0.001 

MCV fL 42.9 (32.5–47.2) 44.7 (31.6–48.7) 47.4 (38.8–53.4)‡ 49.1 (34.6–56.2)‡ <0.001 

RP % 1.05 (0.21–1.46) 0.54 (0.31–1.45) 2.30 (2.04–4.67)‡ 2.75 (1.74–4.81)‡ <0.001 

RC ×109/L 51 (15–94) 28 (17–46) 124 (92–206)‡ 143 (79–243)‡ <0.001 

WBCB ×109/L 260.6 (41.6–549.2) 171.0 (32.2–278.5) 50.6 (15.7–142.8) 9.7 (8.6–104.0) NS 

WBCP ×109/L 18.9 (9.8–56.2) 8.1 (7.3–21.2) 12.5 (7.8–72.7) 9.0 (6.7–111.4) NS 

ΔWBCB-WBCP ×109/L 241.7 (31.8–493.1) 156.4 (24.0–271.2) 32.0 (7.9–127.3)† 0.6 (–7.4 to 2.0)* <0.001 

CHCM = corpuscular hemoglobin concentration mean; cHb = calculated hemoglobin; ΔMCHC-CHCM = difference between MCHC 416 

and CHCM; ΔWBCB-WBCP = difference between WBCB and WBCP; HBs = Heinz bodies; Hct = hematocrit value; MCHC = mean 417 

corpuscular hemoglobin concentration; MCV = mean corpuscular volume; mHb = measured hemoglobin; NS = not significant; RBC = 418 

red blood cell; RC = reticulocytes number; RP = reticulocytes percentage; WBCB = baso total white blood cell count; WBCP = perox 419 

total WBC count. 420 

* Significantly different from T0, T1, T2. 421 

† Significantly different from T0, T1, T3. 422 
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‡ Significantly different from T0 and T1. 423 

§ Significantly different from T0. 424 
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Figure 1. A. Normal Basophil/lobularity (Baso) cytogram of a cat included in the Heinz bodies 425 

(HBs) group. B. Baso cytogram of a cat included in the Baso-HBs group. For both graphs, the 426 

nuclear lobularity/density is plotted on the x-axis; the cell size is plotted on the y-axis. In B, a 427 

large cluster of small particles is visible at the bottom threshold and prevents a clear 428 

separation between the mononuclear (MN) and polymorphonuclear (PMN) cell populations 429 

that is flagged by Baso no valley (B-NV). Baso+Lyse-resistant = basophils and lyse-resistant 430 

cells. 431 

Figure 2. A. Normal peroxidase (Perox) cytogram of a cat included in the Heinz bodies (HBs) 432 

group. B. Perox cytogram from a cat of Baso-HBs group. For both graphs, the peroxidase 433 

content of the cells is plotted on the x-axis, and the cell size is plotted on the y-axis. In B, a 434 

cluster of dots at the bottom left-hand corner prevents the correct separation between cell 435 

populations flagged by Perox no valley (PX-NV). Lym = lymphocytes; LUC = large 436 

unstained cell; Mon = monocytes; Neu = neutrophils; Agg = platelet aggregates. 437 

Figure 3. Peripheral blood smear of a cat showing numerous Heinz bodies projecting from the 438 

erythrocyte membrane. Brilliant cresyl blue, 600×. Bar = 10 µm. 439 

Figure 4. Dot plots of mean corpuscular hemoglobin concentration (MCHC g/L; white dots) and 440 

corpuscular hemoglobin concentration mean (CHCM g/L; black dots) values in Heinz bodies 441 

(HBs) cats (n = 23) and in Baso-HBs cats (n = 9). The horizontal bars represent the median 442 

(central bar) and the minimum and maximum values (peripheral bands); the gray area depicts 443 

the reference interval. Significant differences among the variables are indicated. 444 

Figure 5. Dot plots of Basophil/lobularity white blood cell count (WBCB ×109/L; white dots) 445 

and peroxidase white blood cell count (WBCP ×109/L; black dots) values in Heinz bodies 446 

(HBs) cats (n = 23) and in Baso-HBs cats (n = 9). The horizontal bars represent median 447 



Page 26 of 26 

(central bar) and minimum and maximum values (peripheral bands); the gray area depicts the 448 

reference interval. Significant differences among the variables are indicated. 449 

Figure 6. A. Normal red blood cell (RBC) cytogram of a cat included in the Heinz bodies (HBs) 450 

group. B. RBC cytogram from a cat in the Baso-HBs group. For both graphs, the RBC 451 

hemoglobin concentration is plotted on the x-axis, and the RBC volume is plotted on the y-452 

axis. In B, the cytogram shows an extension of the RBC cluster to the lower right, indicating a 453 

hyperchromic RBC population. 454 


